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Safety of Probiotics to Reduce Risk and Prevent or
Treat Disease

Structured Abstract

Objectives. To catalog what is known about the safety of interventions containing Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and/or Bacillus strains used as
probiotic agents in research to reduce the risk of, prevent, or treat disease.

Data Sources. We searched 12 electronic databases, references of included studies, and pertinent
reviews for studies addressing the safety of probiotics from database inception to August 2010
without language restriction.

Review Methods. We identified intervention studies on probiotics that reported the presence or
absence of adverse health outcomes in human participants, without restriction by study design,
participant type, or clinical field. We investigated the quantity, quality, and nature of adverse
events.

Results. The search identified 11,977 publications, of which 622 studies were included in the
review. In 235 studies, only nonspecific safety statements were made (“well tolerated”); the
remaining 387 studies reported the presence or absence of specific adverse events. Interventions
and adverse events were poorly documented.

A number of case studies described fungemia and some bacteremia potentially associated
with administered probiotic organisms. Controlled trials did not monitor routinely for such
infections and primarily reported on gastrointestinal adverse events. Based on reported adverse
events, randomized controlled trials (RCTs) showed no statistically significantly increased
relative risk (RR) of the overall number of experienced adverse events (RR 1.00; 95%
confidence interval [Cl]: 0.93, 1.07, p=0.999); gastrointestinal; infections; or other adverse
events, including serious adverse events (RR 1.06; 95% CI: 0.97, 1.16; p=0.201), associated with
short-term probiotic use compared to control group participants; long-term effects are largely
unknown. Existing studies primarily examined Lactobacillus alone or in combination with other
genera, often Bifidobacterium.

Few studies directly compared the safety among different intervention or participant
characteristics. Indirect comparisons indicated that effects of delivery vehicles (e.g., yogurt,
dairy) should be investigated further. Case studies suggested that participants with compromised
health are most likely to experience adverse events associated with probiotics. However, RCTs
in medium-risk and critically ill participants did not report a statistically significantly increased
risk of adverse events compared to control group participants.

Conclusions. There is a lack of assessment and systematic reporting of adverse events in
probiotic intervention studies, and interventions are poorly documented. The available evidence
in RCTs does not indicate an increased risk; however, rare adverse events are difficult to assess,
and despite the substantial number of publications, the current literature is not well equipped to
answer guestions on the safety of probiotic interventions with confidence.
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Executive Summary

Introduction

The Agency for Healthcare Research and Quality (AHRQ) commissioned the Southern
California Evidence-based Practice Center based at RAND to carry out a systematic review on
the safety of probiotics used in research to reduce the risk of, prevent, or treat disease. The
evidence report was jointly sponsored by the National Institutes of Health (NIH) Office of
Dietary Supplements, the NIH National Center for Complementary and Alternative Medicine,
and the Food and Drug Administration Center for Food Safety and Applied Nutrition.

Probiotics (literally, “for life”) are bacteria or yeasts considered to confer a health benefit on
the host organism. The review objective was to catalog what is known about the safety of
interventions containing organisms from six different genera used as probiotic agents
(Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and Bacillus),
alone or in combination, used to reduce the risk of, prevent, or treat disease in research studies.

This evidence report has a broad scope and was not restricted to specific interventions,
specific patient groups, or specific clinical outcomes. The large number of included studies
allowed unique analyses to explore adverse events reported to date in research on probiotics.

Methods

We searched 12 electronic databases (DARE, Cochrane Database of Systematic Reviews,
CENTRAL, PubMed, Embase, CINAHL, AMED, MANTIS, TOXLINE, ToxFile, NTIS, and
AGRICOLA) and scanned the references of included studies and pertinent reviews for studies
addressing the safety of interventions using products containing microorganisms purported to
have probiotic properties (henceforth called “probiotics”) from database inception to August
2010 without language restriction.

We systematically identified studies monitoring the presence or absence of participants’
adverse health outcomes, without restriction due to study design, participant, or clinical field.
Any studies that assessed the effect of microorganisms used as probiotic agents and reported on
an adverse health outcome (its presence or absence) were included. Two reviewers
independently screened studies for inclusion, extracted data, and assessed their quality. We
differentiated studies that addressed a specific adverse event from those with nonspecific safety
statements.

We investigated the quantity of adverse events (number of participants with adverse events
per treatment group, number of adverse event incidences per treatment group), the quality of the
adverse events (all adverse events, serious adverse events), and the nature of adverse events (e.g.,
gastrointestinal events, infections). The review aims to answer a large number of questions
pertaining to product and participant factors. Studies reporting direct comparisons (e.g., between
two different probiotic organisms) were primarily sought; in addition, indirect evidence was
analyzed in stratified analyses and meta-regressions.

Results

The review demonstrates that there is a large volume of literature on probiotics. However, the
literature provided only limited evidence to address the questions the review set out to answer.
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The literature search identified 11,981 publications, of which 2,189 were ordered as full-text
publications after title and abstract screening and 622 studies were included in the review. Of
these, 235 studies made only nonspecific safety statements (e.g., “the intervention was well
tolerated”) without indicating what kind of adverse events were monitored. The remaining 387
studies reported the presence or absence of one or more specific adverse events; these studies
were abstracted in detail and used to answer the Key Questions. Across all included studies and
treatment arms, 24,615 participants used a probiotic product.

The review considered reports without study design restrictions and included a large number
of randomized controlled trials (RCTs); however, the majority were not designed to address
safety. The quality of included studies varied greatly within study design categories. Adverse
events were poorly documented, and the parameters that were monitored were often not stated.
Interventions were poorly documented, lacking detail, for example, on the specific probiotic
strain administered. Very few of the identified studies investigated Saccharomyces or
Streptococcus, and even fewer Enterococcus or Bacillus; the majority of identified studies used
Lactobacillus, alone or in combination with other genera, most often Bifidobacterium.

To estimate the proportion of existing studies of probiotic organisms found in the literature
that are included in this safety review, we noted all RCTs of probiotics that were found in our
searches that reported on patient outcomes. Of this pool of potentially relevant RCTs, 58 percent
met inclusion criteria for the review (i.e., made a nonspecific safety statement or reported the
presence or absence of a specific adverse event). The remaining RCTs did not address the safety
of probiotics as defined in this evidence review.

Key Questions

Key Question 1. What is the evidence that the active and lyophilized forms
of probiotics (Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and Bacillus) as single ingredients or in
combination with other probiotics or prebiotics in all delivery vehicles (and
formulations) when used to cure, treat, mitigate, or prevent a disease or
reduce disease risk are safe in the short term? In the long term?

Case studies indicated that fungemia, bacteremia, sepsis, and other infections may be
associated with administered probiotic organisms; the ability to reliably determine whether
administered strains match the clinical isolate is now possible through DNA-based methods.

None of the identified case series, controlled clinical trials, or parallel and crossover RCTs
reported an infection caused by the administered probiotic organisms. However, studies seldom
reported that they monitored for infections of the types identified in case reports. In fact, most
did not state what adverse events were monitored and did not systematically address the safety of
the probiotic products.

Across parallel RCTs there was no indication that the quantity of reported adverse events was
increased in short-term probiotic intervention arms compared to control groups, based on the
relative risk (RR) of the number of participants with adverse events (RR 0.98; 95% confidence
interval [Cl1]: 0.93, 1.04, p=0.537; 121 RCTs) as well as the number of adverse-event incidences
reported in each treatment group (RR 1.00; 95% CI: 0.93, 1.07, p=0.999; 208 RCTs). The
current available evidence does not suggest a widespread risk of adverse events associated with
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probiotics, but future studies that explicitly monitor for the issues of concern are needed to
quantify the actual risk of specific adverse events in intervention studies.

Key Question 2. What are characteristics and associations of the reported
harms in Question 1?

Across all included studies, the most commonly reported adverse events were gastrointestinal
in nature. This was followed by reported infections and infestations. The third most common
category was the “other” category for symptoms that could not be assigned to a specific organ
system or type of adverse event.

Across identified RCTs, there was no indication that participants using probiotic organisms
experienced statistically significantly more gastrointestinal (RR 1.03; 95% CI: 0.89, 1.18,
p=0.693; 126 RCTs), infections (RR 1.00; 95% CI: 0.87, 1.16, p=0.967; 65 RCTSs), or other
adverse events (RR 1.01; 95% CI: 0.91 1.12, p=0.923, 131 RCTs) compared to control group
participants.

Studies rarely reported efforts to monitor adverse events specific to probiotic products.
Hence, safety evaluations may change with future, more targeted assessment of adverse events in
intervention studies.

Key Question 3. What is the evidence that harms of Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and
Bacillus differ by product and delivery characteristics?

The lack of detail in the description of administered probiotic organisms in most studies
hindered evaluations of the safety. Many studies did not specify which probiotic strains were
investigated, nor was there indication that intervention preparations were tested for identity of
the included organisms, quantity, viability, or contaminants.

Stratified analyses by probiotic genus showed no increased risk of adverse events among the
probiotic group compared to a control group in RCTSs using interventions reported to contain
exclusively Lactobacillus (RR 0.98; 95% CI: 0.87, 1.11; p=0.785), Bifidobacterium (RR 0.92;
95% CI: 0.82, 1.03; p=0.141), Saccharomyces (RR 1.00; 95% CI: 0.46, 2.18; p=0.993),
Streptococcus (0.99; 95% CI: 0.78, 1.25; p=0.907), Enterococcus (RR 0.85; 95% CI: 0.47, 1.54;
p=0.588), or Bacillus (0.99; 95% CI: 0.44, 2.22; p=0.973) strains. A meta-regression comparing
the relative risk ratio associated with the genera indicated a statistically significantly higher risk
for Streptococcus strains compared with the other genera; however, this indirect comparison is
based on a small number of studies that investigated Streptococcus, Enterococcus, or Bacillus
interventions. Direct (head-to-head) comparisons of genera, species, strains, or delivery vehicles
are largely absent in the literature.

There was some indication across studies that safety findings may differ by delivery vehicle.
Intervention participants in studies in which yogurt or other dairy products were administered
were more likely to experience adverse events compared with control group participants (RR
1.37; 95% CI: 1.05, 1.79; p=0.022) based on the number of adverse event incidences reported
across groups in a subgroup analysis. However, studies directly comparing delivery vehicles are
missing.

We did not find conclusive evidence in the existing literature that interventions with a
mixture of different organisms reported more adverse events than studies using one probiotic
strain only or evidence that synbiotics (mixtures of prebiotics and probiotics) differ from
probiotics; however, there is a lack of direct comparisons.
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Key Question 4. How do the harms of Lactobacillus, Bifidobacterium,
Saccharomyces, Streptococcus, Enterococcus, and Bacillus vary based on
(a) dose; (b) timing; (c) mode of administration; (d) age, gender, ethnicity,
disease or immunologic status; (e) relationship to efficacy?

Very few studies overall explored the effect of intervention or participant characteristics on
safety. To summarize, in the few studies that reported on the time of onset of gastrointestinal
effects, most effects were observed in the first 3 days of treatment. The onset of infections tended
to occur 1 week to several weeks after initiation of probiotics use; however, this information is
primarily derived from case studies and was not systematically reported.

In indirect comparisons across studies, we found no evidence that a particular mechanism or
route of administration of probiotic organisms was associated with an increased risk of an
adverse event in intervention participants relative to control group participants. Stratified
analyses and meta-regressions showed no increased risk of adverse events for children (RR 0.96;
95% CI: 0.88, 1.04; p=0.296, 35 RCTSs), adults (RR 0.97; 95% CI: 0.79, 1.19; p=0.745, 40
RCTs), or elderly (RR 0.94; 95% CI: 0.82, 1.08; p=0.367, 4 RCTSs) participants compared with
adverse events observed in corresponding control groups; however, it has to be noted that only
very few studies were identified that reported on elderly participants.

There was some indication that health status is associated with the experience of an adverse
event when using probiotics. Case studies reporting serious adverse events described health-
compromised, not generally healthy participants who contracted (most often) a serious infection
potentially caused by probiotic organisms. However, subgroup analyses of RCTs in medium
health-compromised participants (RR 1.03; 95% CI: 0.94, 1.13; p=0.491) and critically ill
patients (RR 0.79; 95% CI: 0.51, 1.22; p=0.286) did not show a statistically significantly
increased risk of experiencing adverse events for intervention participants compared with control
group participants with similar patient characteristics.

Key Question 5. How often does harm associated with Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and
Bacillus lead to hospital admission or lengthened hospitalization?

While several case studies reported hospitalizations associated with the consumption of a
product including Saccharomyces, Lactobacillus, or Bacillus strains, none of the case series or
controlled trials reported that a probiotics intervention led to a hospitalization in the intervention
participants. However, the number of hospitalizations due to adverse events was only explicitly
reported on in a few of the included studies, and older publications may not have associated a
hospitalization with probiotics intake.

RCTs reporting on the presence or absence of serious adverse events showed that differences
across probiotic and control group participants were not statistically significant (RR 1.06; 95%
Cl: 0.97, 1.16; p=0.201, 66 RCTs). However, this result is primarily based on Lactobacillus
interventions, and a few studies investigating Saccharomyces and Bifidobacterium; there was a
lack of studies reporting on the presence or absence of serious adverse events for other genera.
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Key Question 6. How does harm associated with Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and
Bacillus relate to use of concomitant antibiotics, confounding diet therapies,
corticosteroid use, immune suppressants, or other potential confounders?

We did not identify studies that addressed possible interactions or confounders of probiotics
interventions. Although the risk of adverse events in general might be higher in individuals
taking multiple medications, subgroup analyses of studies in which the intervention participants
as well as the control group participants received antibiotics (RR 1.07; 95% CI: 0.94, 1.23;
p=0.271) or corticosteroids (RR 1.04; 95% CI: 0.88, 1.22; p=0.650) found no statistically
significant increased risk of adverse effects among intervention participants. There were too few
studies to explore interactions with concomitant diet therapies, and studies in participants using
immune suppressants were also largely absent from the existing literature.

Future Research

Future studies need to characterize the intervention preparations in more detail. As
identification methods progress, the reporting should include verification with DNA-based
methods to identify the individual strains included in preparation, their potency and viability, and
any potential confounders. The majority of existing studies report on Lactobacillus, alone or in
combination with other genera, most commonly Bifidobacterium strains, and more studies are
needed to explore potential adverse events associated with interventions that include the genera
Enterococcus and Bacillus, in addition to studies on Streptococcus species selected for their
probiotic properties, as well as studies on the use of Saccharomyces in some patient groups.

Studies should describe which adverse events were monitored to allow a clearer
understanding of the presence and absence of adverse events in probiotics intervention studies.
The reporting of adverse events should follow reporting guidelines such as the extension of the
CONSORT statement for harms. In addition, there are comprehensive systems for cataloging
adverse events, such as the Common Terminology Criteria for Adverse Events system.
Monitored harms should include infections with probiotics organisms as well as treatment
failures in order to be able to quantify the risk for participants in intervention studies. Critical
outcomes, such as all-cause mortality, should be assessed and reported in primary studies, and
reviews should consider all studies measuring the outcome regardless of whether the study was
conducted to evaluate the efficacy of the intervention or the occurrence of adverse events.

Long-term effects of probiotic interventions are largely unknown, and there is a need to
evaluate long-term interventions. In addition, large cohort studies following self-selected use of
probiotic organisms are needed to fully understand the efficacy and safety of probiotics among
representative populations.

Currently, few studies address complex questions about probiotic safety, such as interactions
of participant or intervention characteristics with the use of probiotic products. The effect of
product, intervention, or participant characteristics should be addressed with appropriate
multivariate analyses. There is also indication that participants with compromised health should
be monitored closely for potential adverse events associated with the use of probiotic products.
Studies evaluating effects on elderly participants are largely absent from the literature, and the
effects of delivery vehicles should be investigated systematically.

ES-5



Conclusions

There is a lack of assessment and systematic reporting of adverse events in probiotic
intervention studies, and interventions are poorly documented. RCTs and case studies diverge in
the outcomes they report. The available evidence in RCTs does not indicate an increased risk;
however, rare adverse events are difficult to assess, and despite the substantial number of
publications, the current literature is not well equipped to answer specific questions on the safety
of probiotic interventions with confidence.
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Introduction

The Agency for Healthcare Research and Quality (AHRQ) has commissioned the Southern
California Evidence-based Practice Center based at RAND to carry out a systematic review on
the safety of products containing microorganisms believed to have probiotic properties
(henceforth called probiotics or products containing probiotics). This review was jointly
sponsored by the National Institutes of Health (NIH) Office of Dietary Supplements, the NIH
National Center for Complementary and Alternative Medicine, and the Food and Drug
Administration Center for Food Safety and Applied Nutrition.

Background

Probiotics (literally, “for life”) are microorganisms purported to have a health benefit on the
host organism. The definition of what is a probiotic has evolved as the sciences of microbiology,
medicine, and the manufacturing industries have matured. According to one definition offered by
an expert committee convened by the Food and Agriculture Organization of the United Nations
and the World Health Organization, probiotic organisms are live microorganisms that when
administered in adequate amounts confer a health benefit on the host (FAO/WHO, 2001). This
definition explicitly restricts what can be considered a probiotic to live organisms. Other
definitions do not emphasize the viability of the microorganisms and would include heat-killed
preparations (e.g., Salminen, Ouwehand, Benno, & Lee, 1999). Defining probiotics is
challenging because of the limits in our understanding of how organisms benefit the human host,
the apparent variation in what may constitute a beneficial balance for digestion and other
physiological processes, the effects of probiotic organisms on the normal gut environment, and
our limited understanding of the gut ecosystem (Schmid, 2006).

The genera of bacteria and fungi that have been employed for their probiotic properties are
most commonly species of Lactobacillus and Bifidobacterium; other bacterial genera, such as
Streptococcus, Enterococcus, and Bacillus, and species of the yeast genus Saccharomyces have
also been studied. Probiotic properties of genera, species, and strains may vary according to the
indication. Related to probiotic organisms, prebiotics are food products defined as nondigestible
food ingredients that benefit the host by selectively stimulating the growth and/or activity of one
or a limited number of bacteria in the colon and thus improve host health. Synbiotics are
preparations in which probiotic organisms and prebiotics are combined, presumably to form a
synergistic relationship.

The intentional use of microorganisms in the preparation of foods as well as the belief in
their health-promoting properties has a long history. Species of the lactic acid bacterium genus
Lactobacillus have been used for thousands of years to preserve dairy products by converting
milk to yogurt; likewise, the yeast, Saccharomyces cerevisiae, has long been used for leavening
bread and for fermenting grains and fruits to make spirits. Various other fungi (molds) have long
been known for their use in cheesemaking. Bacillus subtilis, a soil bacterium, has long been used
to ferment soy beans to make the Japanese staple food natto. Mixtures of microorganisms have
been used to treat infections topically and systemically since ancient times. The use of probiotics
to prevent and treat gastrointestinal disorders in particular has been proposed, for example, by
Metchnikoff in the 1890s, using Lactobacillus strains to restore normal gastrointestinal microbial
balance. The use of Lactobacillus strains to treat urogenital infections is often attributed to
Newman, who published a paper in 1915 on this topic (McGroarty, 1993). More recently, the use



of the commensal bacterium, Bifidobacterium, has been advocated to promote immune and
gastrointestinal function in infants. Probiotic strains of Streptococcus have been used in an
attempt to prevent and treat dental disease and gastrointestinal disorders. Probiotic strains of
Enterococcus have also been used to treat gastrointestinal infections. Bacillus subtilis has
fungicidal properties and, for example, was used as a treatment for gastrointestinal complaints
prior to the introduction of sulfur-based antibiotics. Regarding these last two examples, particular
concerns have been raised about the safety of the genera Enterococcus and Bacillus, both of
which include pathogenic species.

Depending on the form and the country in which they are administered or used, probiotic
products are classified as any one of several different entities: dietary supplements, foods, food
components, or pharmaceuticals. Each of these categories is subject to entirely different
regulations and burdens of proof regarding the demonstration of a health benefit as well as
safety, and these regulations and guidelines differ by country (Sanders, 2010; Venugopalan,
2010). Further complicating the current picture is that very little is known about the quantities
required for the various genera, species, and strains to show probiotic properties.

The scientific and popular literature includes numerous reviews on the efficacy or
effectiveness of probiotic organisms for treating or preventing a variety of conditions. However,
despite their popularity, questions remain about the efficacy and effectiveness of probiotics;
published reports for specific conditions often provide conflicting results, and the efficacy and
effectiveness of probiotics is quite likely to be strain and indication specific. In 2010, the
European Food Safety Authority denied the merit of multiple health claims filed on behalf of
probiotic products, citing lack of scientific basis (EFSA, 2010).

Regardless of the evidence base for the efficacy and effectiveness of products containing
probiotics, the widespread availability and popularity of products promoted as containing
probiotic organisms indicate that their safety warrants further investigation. Probiotic organisms
added to foods (i.e., yogurt and some infant formulas) have been described by some authors as
“generally recognized as safe” (GRAS). Food ingredients considered GRAS are those affirmed
or apparently affirmed by their manufacturers as meeting the requirements for the GRAS
exemption from the requirement for regulation as a food additive. This term, defined in sections
201(s) and 409 of the Federal Food, Drug, and Cosmetic Act, applies to any substance that is
intentionally added to food and has been exempted from premarket approval because it is
“generally recognized, among qualified experts, as having been adequately shown to be safe
under the conditions of its intended use.” Authors often cite the fact that lactic acid bacteria have
been used for preservation of food by fermentation for thousands of years as evidence of their
safety (World Gastroenterology Organisation, 2008). However, the GRAS designation can be
applied only to specified uses of a specific ingredient. Other uses, particularly if they are based
on higher exposure or exposure to an ingredient with very different properties, may not be
included in the original GRAS designation.

Advances in microbiology and molecular biology, along with the adoption of organisms not
previously used as probiotics, have contributed to a growing concern about the potential safety of
these microorganisms. Specific concerns include the isolation of administered probiotic
organisms from infection sites, and the possibility of gene transfer between probiotic organisms
and bacteria or fungi dwelling in the digestive tract and antibiotic resistance shown in in vitro
studies. A number of cases of infection have been documented that resemble closely the strains
given as probiotic agents to the infected individuals or persons in their vicinity. Such concerns
suggest that the pathogenicity, infectivity, toxicity, and intrinsic properties of the organisms may



require closer study (Ishibashi, 2001). Liong (2008) concluded from a review of the literature
that translocation and infection reports associated with use of probiotics deserve further
investigation and should become a part of safety assessments so that the negative effects of
probiotics do not outweigh the benefits. Recent trials and reviews that failed to show the efficacy
of probiotics and in some cases report an increased risk of undesirable effects associated with
probiotic interventions (Besselink, 2008; Whelan, 2010) also point to a closer look into the safety
of probiotics, in particular for patients with compromised health.

In order to make informed decisions about the use of probiotic organisms, it would thus
appear helpful at this point to assess the evidence for their safety across clinical areas. To date,
no comprehensive systematic review has synthesized the available evidence of adverse
symptomatic health outcomes in human participants.

Project Purpose

The review set out to answer a number of research questions posed by the sponsors of the
evidence review.

Key Questions

1. What is the evidence that the active (e.g., live or viable) and lyophilized forms of probiotics
(Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and Bacillus)
as single ingredients or in combination with other probiotics or prebiotics in all delivery
vehicles (and formulations) when used to cure, treat, mitigate, or prevent a disease or reduce
disease risk are safe in the short term? Long term?

a. What safety parameters are collected in clinical studies (Phases I-1V)?

b. What harms are reported in clinical studies (Phases I-1V)?

c. What harms are reported in case reports?

d. What safety parameters are collected in population surveillance studies and other
observational studies, and do these include only standard clinical safety parameters (e.g.,
standard blood chemistry profiles) or also expanded laboratory or clinical testing unique
to the use of probiotics?

e. What harms are reported in population surveillance studies and other observational
studies?

f.  What harms are reported in human mechanistic studies?

Do the studies describe an antibiotic therapy designed to treat unintended pathology
caused by the administered organism?

h. Do the studies describe methods for recovery of the administered organism from either
the gastrointestinal tract or serum?

2. What are characteristics and associations of the reported harms in Question 1?

a. What interactions between probiotics and medications are reported?

b. What harms related to acquired antibiotic resistance and/or transferability are reported?

c. What is the nature of harms (e.g., toxicogenic, immunologic, hematologic, deleterious
physiologic or metabolic activity, allergic, blood infections, hematocytometric values,
liver and renal function enterotoxin, production, proteases, or opportunistic infection,
etc.), and do these include only standard harms or also harms that might be uniquely
applicable to the use of a probiotic?



3. What is the evidence that harms of Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and Bacillus differ by product and delivery characteristics?

a. What is the scientific evidence that harms differ by delivery vehicle including excipients
or novel delivery vehicles?

b. What is the scientific evidence that harms differ by genus, species, and strain (including
intraspecies strain variations)?

c. What is the scientific evidence that harms differ between active and lyophilized forms of
probiotics?

d. Does harm differ by products containing a single probiotic versus a mixture of
probiotics?

e. Does harm differ by products containing only probiotics and those containing a mixture
of probiotics and prebiotics?

4. How do the harms of Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus,
Enterococcus, and Bacillus vary based on (a) dose (cfu); (b) timing; (c) mode of
administration (e.g., catheter); (d) age (all ages, including infants), gender, ethnicity, disease
or immunologic status of the patient; (e) relationship to efficacy?

a. Is there a threshold or dose-response relationship between probiotics and harm? Does the
duration of intervention relate to harm?

b. Is there a relationship between time of onset of harm and time of probiotic administration
(e.g., prior to onset of disease under study, after disease onset)? How does time of
exposure affect harm? Is harm sustained after the intervention or exposure stops?

c. Does the route of administration (e.g., orally, jejunostomy tube, central venous catheter)
relate to harm?

d. How does harm relate to subpopulations, including different age groups (specifically
including neonates and infants under age 24 months), men and women, ethnic/race
subgroups, or health status (healthy to high risk) individuals?

e. Do randomized controlled studies that report harm show efficacy or no efficacy?

5. How often does harm associated with Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and Bacillus lead to hospital admission or lengthened
hospitalization?

6. How does harm associated with Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and Bacillus relate to use of concomitant antibiotics,
confounding diet therapies, corticosteroid use, immune suppressants, or other potential
confounders?

Scope

This review on the safety of probiotics is explicitly exploratory in nature. Therefore, a
number of clarifications are warranted regarding what the review set out to achieve and what
questions may have to be addressed in future research.

First, because little evidence currently suggests the kinds of potential harms that should be
investigated in a review on the safety of probiotics, the safety outcomes considered for this
review were explicitly not specified a priori; instead, all reported adverse events were included in
the review. Theoretically, a selection of particular kinds of harms could be guided by the nature
of the intervention—for example, the exposure to bacteria and yeasts suggests monitoring
infections—and as a general research approach, serious adverse events should have priority. But
given the lack of any prior synthesis on the specific risks of probiotic organisms for human



participants, a broad, unrestricted overview of what has been assessed in the literature and what
has been reported appeared most informative. Thus, the review aimed to identify the adverse
events reported in the literature, without restriction to specific outcomes of interest, as further
outlined in the inclusion criteria, with one limitation: The focus was on health outcomes, that is,
symptomatic outcomes and/or clinically relevant outcomes, rather than on intermediate outcomes
or in vitro results. In this review we explore the quantity, the quality, and the nature of the
adverse events as outlined in the methods section.

This report is not an efficacy or effectiveness review investigating the usefulness of probiotic
organisms for preventing adverse events caused by other treatments such as antibiotic treatment.
That is, studies in which efficacy outcomes were identical with adverse events (e.g., prevention
of antibiotic-induced diarrhea) were not considered for this review, as further outlined in the
inclusion criteria. This restriction required careful review of individual studies, but has also been
imposed in other safety reviews (e.g., Pitrou, Boutron, Ahmad & Ravand, 2009), and an
overview of the efficacy and effectiveness of probiotic organisms for the prevention of adverse
events from other treatments was outside the resources and scope of this project. We considered
failed effectiveness outcomes only in those cases where this was explicitly highlighted by the
study authors as one of the main results of the study.

Throughout this report we use the term “harm” and “adverse event” interchangeably. We
explicitly avoid the term “adverse effects,” as it implies a causal relationship between harm and
intervention. In most included studies, there are multiple alternative explanations for the
encountered adverse events; hence we only list the encountered events per treatment group.

This review focuses on published literature. A substantial number of peer-reviewed articles
reporting on studies of probiotics have been published in scientific journals. Although the pursuit
of unpublished data (for example through approaching manufacturers of probiotic products)
might be desirable, the approach taken for this exploratory review was to summarize the existing
literature in the public domain to develop a clear picture of the readily available body of
evidence. The data sources are outlined in the search strategy, and the implications of the search
strategy are further addressed in the discussion section.

Furthermore, the review aimed to capture the safety of organisms—Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and Bacillus—when used as
probiotic agents, rather than the safety of any exposure to any member of these genera of
microbiological organisms. The search strategy primarily aimed to identify studies of probiotics,
rather than aiming to identify every study that investigated the effects of the above bacterial or
fungal organisms, such as exposure to Streptococcus bacteria strains. Studies were included in
the review if they were described as probiotic studies, without further restriction to particular
dose; demonstrated health benefits; genera, species, or strains of known quality; rather, all
studies investigating the effect of purposeful intake of probiotic organisms of the genera of
interest were considered.

However, a reported intervention was part of the inclusion criteria for this review as outlined
in detail in the inclusion criteria section. Publications reporting incidences of infections, such as
documented cases of Lactobacillus infections, were included in the review only if an intervention
prior to the infection was reported, e.g., the probiotic organisms were purposefully consumed or
administered. Studies were not restricted to investigator-controlled studies; observational studies
of participants using probiotic organisms were also eligible for inclusion. We also did not restrict
the review to products that would be classified as dietary supplements, foods, food ingredients,
or pharmaceuticals.



Finally, the review summarizes the existing evidence from studies in human participants
only; animal studies and in vitro studies were outside the scope of the review. As outlined, the
focus was on adverse events encountered in research studies that used probiotics to reduce the
risk, prevent, or treat disease in human participants.

In summary, the review aimed to document what is currently known about the safety of
probiotics in the existing published research literature on interventions, assuming an inclusive
definition of safety and inclusive definition of probiotics. The purpose of the project was to
catalog what is known about the safety of probiotics, in particular Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and Bacillus organisms, used in
research to reduce the risk of, prevent, or treat disease. The literature review also assessed the
quality and completeness of the available information and our confidence in interpreting this
information. The overview aimed to provide information relevant to practitioners, researchers,
and regulators for assessing the safety of probiotic administration as well as to identify priorities
or needs for future research.

Analytic Framework

Figure 1 shows the universe of studies from which the studies included in this review stem
were drawn. Only studies in human participants; studies that used the genera Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and/or Bacillus as probiotic
agents to cure, treat, mitigate, or prevent a disease or reduce the risk of a disease; and studies that
addressed health outcomes were sought. Within these studies, we included those studies that
addressed the safety of probiotics. All studies that contained vague safety statements as well as
those that addressed specific harms, adverse events, adverse effects, side effects, or unintended
effects were considered.



Figure 1. Included studies

Genera Lactobacillus,
Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus,
and/or Bacillus as probiotic agents

Addressing health
outcomes

Addressing safety

Human participants

Given to cure, treat,
mitigate, or prevent a
disease or reduce
disease risk

All Key Questions were answered with studies within the above outlined universe of studies



Methods

Electronic Search for Literature Review

A pilot literature search undertaken at the outset of the project revealed that whereas safety
aspects are not a research priority in the existing probiotics literature, many studies undertake a
limited safety analysis as part of assessing efficacy. However, the inclusion of safety results in a
publication was rarely indicated in the title or abstract of the publication or referred to in the
keywords assigned by the individual electronic database (a finding that is not unique to the
research field of probiotics). Although search filters exist for effectiveness studies in some
clinical areas, filters to address adverse events tend not to be successful in reliably identifying
relevant studies. And because the volume of literature on the efficacy of probiotics, both original
research and reviews, was vast, it was necessary to conduct a careful review of the full text of a
large number of publications to identify the relevant body of research results on the safety of
probiotics.

The chosen search strategy was very inclusive in order not to miss potentially relevant
publications. The truncated term “probiotic” and the term *“synbiotic” were used to adequately
reflect the scope of this project (see Appendix A). The term “prebiotic” also appeared initially
useful and was added to the search strategy. The electronic search was not restricted to the
genera specified in the key questions in order not to miss articles that did not mention the genus
in the title, abstract, or keywords of the publication. The genera alone (without reference to their
use as probiotics) were not useful search terms, as their inclusion added a very large number of
irrelevant publications (e.g., all studies on Bacillus infections). Given the large number of
probiotic and synbiotic products marketed as dietary supplements, foods, food ingredients, or
drugs, the search also did not rely on product names. Many studies used mixtures that were not
commercially obtained or available. Thus, an incomplete list of commercial product names might
have introduced bias into the selection of studies for review. The identified manufacturers of
probiotic products are listed in Appendix A.

The searches were performed without restriction by publication year or language, taking into
consideration that a substantial proportion of research is published in Asian language
publications. While uncertainty exists regarding whether the strains investigated in these studies
are similar to those common in the U.S. market, these studies need to be assessed. The review
also was not restricted with regard to study design; hence, no methodological search filter was
applied. The review was restricted to studies in human participants. Rather than searching for
studies that were indexed as studies in human participants, the electronic search was designed to
exclude only publications that were indexed by the individual databases as studies in animals
(where possible). The intent was to avoid missing studies that were not yet indexed accordingly
or were misclassified.

Databases

The following databases were searched as sources for safety data on probiotics:
e DARE (Database of Abstracts of Reviews of Effects)

e Cochrane library of systematic reviews

e CENTRAL (Cochrane Central Register of Controlled Trials)



e PubMed (National Library of Medicine, includes MEDLINE) (Figure 2 depicts the

PubMed search strategy)

Embase (Biomedical and pharmacological bibliographic database)

CINAHL (Cumulative Index to Nursing and Allied Health Literature)

AMED (Allied and Complementary Medicine)

MANTIS (Manual, Alternative and Natural Therapy Index System)

TOXLINE (biochemical, pharmacological, physiological, and toxicological effects of

drugs and other chemicals)

e ToxFile (biochemical, pharmacological, physiological, and toxicological effects of drugs
and other chemicals)

e NTIS (National Technical Information Service)

e AGRICOLA (agricultural journals)

Figure 2. PubMed search strategy

PubMed — 1966-2010

probiotic* OR prebiotic* OR synbiotic*
NOT

animals NOT humans

Other Sources

The electronic search was complemented by screening the references of included studies and
the references of relevant reviews. In addition, we hand searched the International Journal of
Probiotics and Prebiotics. Clinicaltrials.gov was searched during the update searches. The
database lists a number of registered probiotic trials. Personal files from Evidence-based Practice
Center projects on related topics were also scanned to identify additional relevant studies. The
safety data from MedWatch; the Web pages of the Food and Drug Administration (FDA),
including Center for Food Safety and Applied Nutrition CFSAN and the Center for Biologics
Evaluation and Reasearch; and the CFSAN Adverse Event Reporting System database were also
explored but did not contribute studies eligible for inclusion in the review.

Inclusion Screening
This section describes the inclusion criteria for the review.

Inclusion Criteria

e Participants:

o0 Studies in human participants were eligible for inclusion in the review; animal and in

vitro studies were excluded
e Intervention:

o0 Studies using probiotics or synbiotics to cure, treat, mitigate, or prevent a disease or
reduce disease risk (including probiotic drinks or supplements “to boost immunity” or
similar) were eligible for inclusion in the review. The organisms had to be taken
purposefully, and documented cases of infections were included only if use of a
probiotic or synbiotic intervention was reported

e Comparator and Study Design:




o Original research studies were considered without study design restriction, but

uncontrolled studies were included only when they explicitly addressed the effect of
probiotic or synbiotic intake. Studies primarily testing the effects of a combination of
a probiotic and another medication that could also result in adverse events were
included only if the study also reported on a group receiving that medication without
probiotics or the study explicitly addressed the safety of probiotic intake:
= Randomized controlled trials (RCTSs), clinical controlled trials, and cohort
studies with at least two arms comparing the use of probiotics or synbiotics to
placebo, other treatment, or other types of probiotics or synbiotics
= Before-after studies and time series with measurements before and after
introducing probiotics or synbiotics
= Case series (no comparator) that address the effects of probiotics or synbiotics
= Case reports that explicitly address the effects of probiotics or synbiotics
= Mechanistic probiotics or synbiotics studies of all designs addressing patient
health outcomes
= Case-control studies that focus on probiotics or synbiotics as predictors of an
adverse event in participants

Outcomes:
o0 Studies that addressed adverse patient health outcomes, particularly symptomatic

outcomes, were included in the review. Studies that reported only intermediate
outcomes such as gene transfer or gastric colonization without reference to
participants’ negative health status were not eligible for inclusion in the review.
Dislike or the taste of the product was not considered eligible adverse events. Studies
where efficacy outcomes were identical to adverse events (e.g., efficacy of probiotics
in the treatment of diarrhea; efficacy of probiotics in the prevention or reduction of
negative health outcomes caused by antibiotic treatment) were excluded unless the
safety of the probiotics was also explicitly addressed in the publication. As no
effectiveness review was undertaken in conjunction with the safety review
exacerbations of primary outcomes, such as exacerbation instead of improvement in
allergy symptoms in some participants, compared to baseline or in comparison to a
control group (treatment failures), were also not included in the review unless these
results were one of the main findings of the publication and highlighted in the abstract
of the publication

Genus:
o Studies investigating Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus,

Enterococcus, and/or Bacillus as probiotic agents alone or in combination with other
ingredients were eligible for inclusion in the review. Studies were excluded if the
genera used could not be verified. Studies administering yogurt or milk products
containing only Lactobacillus and/or Streptococcus organisms as starter cultures were
not included unless an additional probiotic strain was added to the product. We
included studies regardless of whether authors stated that viable organisms were used
but interventions of explicitly heat-killed or inactivated organisms were excluded, as
the criterion of viability is part of the established definitions of probiotics and
interventions using heat-killed forms rarely labeled these preparations “probiotics.”
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Title and Abstract Inclusion Screening

The initial relevance screening was performed using the reference manager software
Endnote. Endnote allows the import of titles, abstracts, and keywords for each reference
identified through electronic searches. All identified records were screened independently by two
reviewers in order not to miss potentially relevant studies. Records deemed by at least one
reviewer to potentially report safety information were ordered as full text copies for further
scrutiny.

Identifying safety data is challenging since most publications focus on the clinical efficacy of
the intervention in question with either no, sparse, or incomplete and nonsystematic reporting of
safety aspects. The review team followed inclusive decision rules for ordering full paper copies
of publications in order not to miss studies that might report on adverse events in the full
publication but did not indicate so in the title, abstract, or keywords of the publication. In
summary, we ordered all publications that targeted the safety of probiotics as full-text articles. In
addition, all empirical studies on probiotics in humans that addressed health outcomes were
ordered to check the full text publication for data on the safety of probiotics.

Publications that clearly addressed animal studies or in vitro studies, comments, opinion
pieces without data, unsystematic reviews not specific to safety, and publications that did not
address health topics were excluded.

Full Text Inclusion Screening

Two reviewers independently screened the selected full text publications using a
standardized form outlining the inclusion criteria. Any disagreement was resolved through
discussion, through consultation with the review team, or with other input such as the local
content expert or the technical expert panel (TEP).

Studies identified through reference mining were included in the review if they met all the
above mentioned inclusion criteria.

The inclusion screening process also identified all RCTs reporting patient health outcomes in
human participants using probiotics or synbiotics of the genus Lactobacillus, Bifidobacterium,
Saccharomyces, Streptococcus, Enterococcus, or Bacillus to cure, treat, mitigate, or prevent a
disease or reduce disease risk compared to placebo, another probiotic, prebiotic or synbiotic,
other, or no intervention. The number of such relevant RCTs was determined as a denominator
for assessing the proportion of those that addressed safety.

Data Abstraction and Quality Assessment

This report considered two different kinds of publications. Our primary interest was in
identifying publications that addressed specific adverse events. However, a number of
publications were found that addressed the safety of probiotics but did not report the presence or
absence of specific adverse events.

For papers that did not address specific adverse events but instead provided only general
statements such as “well tolerated,” “no adverse events,” or “two participants dropped out due to
adverse events” without specifying which adverse events were assessed, the data abstraction was
minimal. These studies were included for reasons of completeness but their informational value
for this evidence review is minimal due to the lack of outcome determination.

For studies addressing specific adverse events, detailed information was extracted regarding
the type of study, the participants, the product containing probiotics or synbiotics, the assessed
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adverse events, and the results of the study regarding the safety of the intervention (see
abstraction form in Appendix B). The data were abstracted using defined categories where
possible and appropriate, and, if not, using free text. These studies were the primary basis for
answering the research question addressed in this review. All extracted information is
documented for each study in the evidence tables (Appendix C).

Multiple publications of the same study were counted (and extracted, quality assessed and
analyzed) as one study to ensure that the same participants did not enter the analyses multiple
times. Publications of a particular study were defined by the investigated participant population.
Publications that reported the results of two different studies were counted as different studies if
both studies met the inclusion criteria of the review (human participants; eligible study design;
report of an intervention; Lactobacillus, Bifidobacterium, Saccharomyces, Enterococcus,
Streptococcus, and Bacillus used as probiotic agents; adverse health outcome addressed).

For studies with more than one arm, we selected a main treatment arm (arm 1 in evidence
tables) and a control group that was most similar to the main treatment arm but did not receive
probiotics or synbiotics if available (arm 2 in evidence tables). If additional probiotic and
synbiotic groups (arms) were included in the study (including interventions of heat-killed or
inactivated organisms), those data are shown as arm 3 and 4 in the evidence tables.

We extracted data on all Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus,
Enterococcus, or Bacillus strains contained in the intervention preparations regardless of the
probiotic qualities of the strain. If an intervention included a yogurt starter culture with a
probiotic strain added, we listed the starter cultures alongside the probiotics strain, if that
information was provided. Studies were inconsistent in differentiating strains with assumed
probiotic properties from strains without assumed probiotics properties (the product was
assumed to have probiotic effects, without attributing these effects to individual strains); hence,
we recorded all reported strains. Initially, we had considered contacting authors of primary
studies for missing information on the identity of probiotic organisms, that is, whether the
administered probiotics strains were verified in the study. However, the quality of reporting on
the administered probiotic organisms was rather poor overall, and our resources did not permit
contacting what would have been the majority of study authors for this extensive literature
review. Therefore, study details were extracted as reported.

Adverse events. Regarding safety data, we extracted any adverse event reported in the
publication and assessed the quantity, quality, and nature of the adverse events. We considered
reasons for dropouts as well as adverse events reported for participants finishing the study. We
extracted all adverse events for all treatment groups, including those that study authors did not
consider related to the intervention. Because such judgments are difficult to make and may
depend on the development of the clinical field, we report the complete set of adverse events.
Reports of individual treatment failures were not extracted, as these outcomes should be
addressed systematically in an effectiveness review extracting all data for the selected outcome.
We extracted the number of incidences of the individual adverse events and the number of
participants with an adverse event per group if this information was clearly provided in the
publication or could be derived with confidence from the reported information.

We extracted the number of participants with adverse events per group and the number of all
individual incidences of adverse events per treatment arm.

The nature of the reported adverse events was explored by categorizing events with the
Common Terminology Criteria for Adverse Events (CTCAE) classification system. The reported
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adverse events and reasons for dropping out were classified according to the 27 areas specified in
the CTCAE and, where possible, graded in their severity on a scale from 1 (mild; asymptomatic
or mild symptoms; clinical or diagnostic observations only; intervention not indicated) to 5
(death from adverse event) according to the CTCAE system.

The reported adverse events were also assessed as to whether they constituted serious
adverse events following the FDA definitions. Serious adverse events were defined as death, a
life-threatening event, hospitalization, a disability-causing event, a congenital anomaly, or events
requiring an intervention to prevent permanent impairment or damage. Sepsis was classified as a
serious adverse event.

In trials where mothers and their children received probiotic interventions, only the adverse
events for children were considered for pooled analyses because studies reported inconsistently
on children and their mothers. The number of participants was calculated as the number of
mother—child dyads randomized to the treatment groups.

Quality. Each study was also assessed regarding its quality. We considered a wide range of study
designs in this review, and some quality dimensions were specific to the individual study design
(e.g., concealment of treatment allocation for RCTs), while others were sources of bias that apply
to all study designs (e.g., blinding of outcome assessors). The quality assessment incorporated
the quality of the reporting of the product and probiotic genus, species, and strain; the methods;
and the reporting of the assessment and the documentation of observed adverse events. Each
quality indicator was scored using a three-point scale (0 = high risk of bias, 1 = unclear or
possible risk of bias, 2 = low risk of bias).

The specific markers of quality were the quality of the probiotic description (genus, species,
and strain), the quality of the reporting of the assessment of adverse events, the quality of the
reporting of the adverse events themselves, selection bias, baseline comparability of groups,
power calculation for harms, ascertainment of compliance and exposure, method of ascertaining
adverse events, random treatment allocation, concealment of allocation, participant blinding,
outcome assessor blinding, rate and description of dropouts, intention to treat analysis, presence
or handling of confounders, and the potential conflict of interest.

Procedure. The data abstraction and quality assessment were performed in duplicate with two
reviewers independently reviewing the publications using a standardized form. The numerical
results for the eligible outcomes were abstracted and checked by a statistician. Any
disagreements were resolved through discussion, through consultation with the review team, or
with other input such as from the local content expert or the TEP.

Analysis

Several of the questions the review set out to address required only descriptive data (e.g.,
number of studies reporting adverse events, type of harms, etc.). For studies that reported the
presence or absence of a specific adverse event, we extracted two different measures of the
quantity of adverse events where possible: the number of participants who experienced adverse
events and the number of incidences of individual, reported adverse events. For controlled
studies, we extracted the number of participants with adverse events and the number of
individual incidences for each intervention arm. In cases where the number of events was
reported for one group within a study but not explicitly for the other group, we assumed that zero
events occurred for this second group.
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For each study, we extracted the total number of participants entering the study and the
number of participants per treatment arm. The latter was the number of participants per group as
randomized or initially entering the treatment group where stated; in nonrandomized and single
group studies we used the number of participants in the treatment group as reported. In addition,
we extracted the number of dropouts and the number of dropouts due to adverse events per
group.

Where appropriate, we pooled results across studies in a meta-analysis to obtain a summary
estimate. Studies were included in pooled analyses if they reported complete information on the
total number of participants in each treatment group, as well as the number of participants with
events in each group or the number of adverse event incidences per group. We identified a large
number of RCTs and restricted the pooled analyses to parallel RCTs. Trials that did not
randomize participants or that used a crossover design were used only for sensitivity analyses,
where appropriate. When pooling studies with adverse event incidences, we excluded those trials
where the total number of adverse events incidences exceeded the number of participants per
treatment arm (this was very rare but not impossible as participants can experience more than
one adverse event).

For parallel RCTs, we computed the relative risk for adverse events, comparing treatment
and control groups, and the absolute risk per group and compared risk differences across groups.
Where the number of cases with an adverse event for a treatment arm was zero, an increment of
0.5 was added, where required for the specific statistical analysis. Studies were pooled with
random effects analysis using the DerSimonian-Laird procedure, using the metafor package, v1.4
(Viechtbauer, 2010) within R 2.10.2. We report the pooled relative risk and risk differences
together with a 95% confidence interval (Cl).

Pertinent results were depicted graphically in forest plots. Each forest plot indicates the point
estimate and confidence interval associated with the data reported for each included study. The
area of each square is proportional to the study's weight in the meta-analysis. Throughout, the
forest plots show the log of the relative risk on the horizontal axis.

The evidence report set out to answer a large number of Key Questions pertaining to product
and participant factors. We primarily sought studies that reported direct comparisons to answer
Key Questions. For example, studies comparing two different delivery vehicles within the same
study were used to address differences associated with the delivery vehicle. Where no direct
comparisons or only few comparisons were identified, or where comparisons were unusual or
inappropriate (e.g., comparing effects in children and in adults), we used subgroup analyses and
metaregressions to investigate the factor in question. Subgroup analyses stratified RCTs by the
factor in question. For example, a separate pooled analysis comparing intervention and control
groups was undertaken for studies in children, in adults, and in elderly participants to investigate
whether safety results vary by age. Metaregressions were undertaken to investigate the potential
predictors (or moderators) of effects such as the age of the participants. In the metaregressions,
we incorporated additional predictors into the model, assessing the 95% CI and p-value
associated with the ratio of relative risk for the particular predictor. This type of analysis can
identify interaction effects, that is, whether the risk compared to control is statistically
significantly higher than compared to the risk seen in other study types. Where a categorical
moderator had more than two levels, we first assessed the joint significance of the predictor
before examining the univariate effects. Metaregressions and subgroup analyses are indirect
comparisons across studies and were interpreted with caution, as they are confounded by many
factors.
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The proportion of RCTs that addressed adverse events was also determined relative to the
total number of identified RCTSs reporting patient health outcomes in human participants using
probiotics or synbiotics of the genera Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, or Bacillus to cure, treat, mitigate, or prevent a disease or reduce
disease risk compared to placebo, another probiotic or synbiotic, other intervention, or no
intervention. This assessment answers the question of what proportion of high evidence level
studies do and do not address the safety of using probiotics or synbiotics. This analysis is based
on a literature scoping approach of the excluded literature and is an estimate only.

Rating the Strength of the Evidence

For each of the key research questions, a synopsis of the evidence was undertaken. The body
of evidence consisting of all studies that were identified that contribute to answering the research
question was rated according to the following criteria: risk of bias, consistency, directness, and
precision.

The risk of bias was assessed for each study by taking the study design and the results of the
quality assessment of the individual study into account. The quality criteria are outlined above.
In addition, the consistency of results across studies was considered. For this dimension, we
checked whether the direction of results was similar across comparable studies. The directness of
the evidence takes into account whether any head-to-head trials were identified that allowed a
direct comparison (between two probiotic genera, for example) within the same study rather than
having to rely on indications across studies. Across-study comparisons are confounded by many
factors, results may be misleading, and conclusions from indirect comparisons have to be
regarded with caution. The precision relates to the confidence intervals around a summary
estimate, the range of values that have to be considered true based on the given data. In addition,
this dimension considers, for example, whether the risk of adverse events in the intervention
group is statistically significantly different from the risk of adverse events in a control group.

Finally, for each question we graded the strength of the evidence that was identified for the
particular topic. The strength of evidence reflects the confidence in answering each Key
Question. The following categories were used: high, moderate, low, or insufficient. High
indicates that we have confidence that the evidence reflects the true effect; the research question
can be sufficiently answered with the available evidence. Moderate indicates that we have only
moderate confidence that the identified evidence reflects the true effect. A rating of low indicates
that we have only low confidence that the identified evidence reflects the true effect and that it is
likely that future research will change currently available estimates of effects. When the strength
of evidence is rated as insufficient, it indicates that evidence to answer the research question is
unavailable. The absence of evidence does not equal the absence of an effect; it indicates that
there is insufficient evidence to answer the research question. A summary of the general
approach is outlined in the Methods Guide for Effectiveness and Comparative Effectiveness
Reviews (AHRQ, 2007).
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Results

The literature search revealed a large research volume on the topic of probiotics, with a
particular increase in research publications shown in recent years. All databases were searched
from inception. Figure 3 plots the identified publications by the year of publication.

Figure 3. Literature volume
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The literature search for the systematic review identified 11,977 publications. Of these,
11,201 publications were identified through searching electronic databases, and the remaining
776 came from reference mining included studies and background papers and hand searches. The
literature flow for the review is shown in Figure 4.
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Figure 4. Literature flow
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Of all identified publications, 9,788 were excluded on title and abstract level where
publications clearly addressed animal studies, in vitro studies, comments and opinion pieces

without data, unsystematic reviews not specific to safety, and publications that did not address

health topics. We ordered 2,189 full text articles for further scrutiny.

Applying the standardized form to inclusion screen full text papers by two independent
reviewers, 1,252 publications were excluded. Excluded publications are listed in Appendix D
with the primary reason for exclusion. The screening process considered, in this order,
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monitoring and/or reporting of adverse events, participants, genus, design, intervention, and
duplicates. Only one reason for exclusion was recorded, although most publications would have
not passed two or three exclusion criteria. Also listed in the appendix are 315 studies that were
classified as background papers. These were mostly reviews used for further reference mining or
multiple publications of included studies.

Overall, 622 studies met inclusion criteria. The full list of included studies is shown in the
appendix together with the source the publication was identified from. The electronic databases
were searched in a particular order, starting with PubMed as outlined in the search strategy. The
majority of included studies were indexed in PubMed. A substantial number of studies were
identified through reference screening of included studies and background papers.

The included studies were then screened again in a further step to differentiate studies that
addressed a specific adverse event from those that did not (nonspecific safety statements).

Potentially Relevant Studies Not Addressing Safety

To estimate the proportion of existing probiotics studies currently found in the literature that
are included in this safety review, we enumerated the probiotics randomized controlled trials
(RCTSs) reporting on patient outcomes that were found in our searches. We then calculated the
proportion of RCTs included in this review as an estimate of the proportion of currently available
studies that were included.

RCTs are regarded as high evidence level studies, and of all published research studies, these
should be more likely to adhere to good reporting practices, which include the reporting of
adverse events. We have identified 774 RCTs in our literature searches that were potentially
relevant for the Key Questions and were theoretically eligible to be included in this review based
on the participant, intervention, genus, and study design criteria of this review.

Of these relevant RCTs, 446 (58 percent) met inclusion criteria for this review because they
addressed the safety of probiotics. All other RCTs reported on relevant interventions, in relevant
participant groups, but they did not address adverse patient health outcomes as defined in this
evidence review. Of all published RCTs that we identified in our searches, 279 (36 percent)
reported on the presence or absence of a specific adverse event.

Included Studies With Nonspecific Safety Statements

Evidence Table C6, Nonspecific Safety Statements,in Appendix C summarizes the 235
identified studies that made only vague safety statements indicating that “there were no adverse
events” or that the intervention was “well tolerated” but gave no indication what kind of adverse
events were screened for or did occur. The evidence table shows what the publication reported
regarding the assessment of adverse events and the safety results.

The majority of these studies were RCTs. Very few included studies were “mechanistic
studies,” that is, specifically investigating the mechanism of action with which probiotic
organisms potentially achieve effects. Mechanistic studies rarely addressed patient health
outcomes, including adverse events.

Only few studies (67/235) provided details about the assessment procedure (e.g. “any side
effects were also recorded,”), but no specific outcomes that were monitored in the study were
reported. The large majority of studies did not refer to the assessment of adverse events.

The table also shows the investigated genus, species, strain, and form of probiotic organisms
given, as well as the potency and the administered dose, and the product name, where applicable,
for these studies. Lactobacillus was by far the most commonly investigated genus, and about
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three-fourths of the identified studies used products that included Lactobacillus alone or in
combination with other genera. Enterococcus and Bacillus studies accounted for less than 5
percent of the sample. Figure 5 shows the frequency of the genera of all strains used in the
studies.

Figure 5. Included strains by genus in studies with nonspecific safety statements
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Several publications reported the species and in some cases subspecies that were
investigated. Common in this sample were Lactobacillus rhamnosus, casei, and acidophilus;
Bifidobacterium bifidum, lactis, and longum; Saccharomyces boulardii/cerevisiae;
Streptococcus/Enterococcus faecium; or Bacillus coagulans. One-third of the studies did not
report the investigated strain. These studies provided no information on what exactly was studied
or at least what was supposed to be studied. In addition, most studies did not state that any efforts
were made to test the administered microorganism(s).

In more than half of the identified publications, the form of the organism was not described,
such as whether the organism was active, lyophilized (freeze-dried), or heat killed. Most
common was the description “live,” “active,” or “viable” (32 percent); reference to freeze-dried
stored organisms was made in a quarter of the publications. No studies that employed heat-killed
organisms and provided vague safety statements were identified using the search algorithm.

The potency of the studied probiotic strain was reported for a third of the articles (expressed
as colony-forming units [cfu] for bacterial strains), although with rare exceptions, the potency
does not appear to have been tested as part of the study. Thus, the reported potency information
may have been that provided by the manufacturer of the product. The actual potency can deviate
from the product label and can be influenced by the delivery vehicle that is employed in the
study so the stated potency information is only a rough indicator. In addition, the dose
information was usually not clearly documented or not linked to the potency information, or the
potency and dose were reported only on the product, not at the individual organism level, so that
in most cases the daily amount of exposure of the probiotic organisms remained unknown.

A third of these publications stated that the investigated intervention had “no side effects.”
The statements “no adverse effects,” “well tolerated,” and “no adverse events” were also, and all
equally, common, each found in about 20 percent of the identified publications. The statement
“safe” was a rarely used expression, accounting for fewer than 5 percent of the publications,
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presumably acknowledging that this statement is very difficult to ascertain with a single study.
The remaining studies used other expressions.

None of these publications clearly reported their basis for the conclusions related to the
absence of harms. That is, they did not state the specific parameters they monitored, or
characterize the encountered adverse events further. A small number of publications monitored
specific harms according to the methods section but the results were not reported. Studies
describing the presence or absence of a specific adverse event were eligible for detailed data
extraction, are described in the next section, and were used to answer the Key Questions.

Included Studies Addressing Specific Harms

A total of 387 studies were identified that addressed a specific adverse event. These studies
were used to answer the Key Questions posed by the sponsors.

Evidence Tables

Detailed information on the included studies is shown in five evidence tables in Appendix C.
Table C1 lists the study details and participant information, table C2 shows the intervention
details, Table C3 outlines the assessment and analyses, Table C4 summarizes the reported results
and Table C5 shows the quality assessment. Studies appear in alphabetical order (by name of the
first author) within study design categories. For this categorization, we differentiated three study
design groups: controlled trials, observational studies, and case studies. The nonrandomized
controlled trials and the crossover and parallel randomized controlled trials were extracted in the
same category; the observational study design group included only uncontrolled case series.

Study and Participant Details

Table C1: Study and Participant Details provides an overview of the type of study and the
included participants. Almost all included studies were published as articles. Although abstracts
and letters with data were eligible for inclusion in the review, these publications accounted for
fewerthan 5 percent of the included publications. Multiple publications about the same study
were extracted as one study, regardless of the number of publications employed to report the
data. Publications reporting more than one study, in particular with different research designs,
are shown as multiple studies. Fewer than one-third of studies reported that safety was one of the
main aims of the publication. The efficacy of the intervention was the most common research
question addressed by the included studies.

In all, 49 percent of included studies were conducted in European countries; Italian
publications alone accounted for 10 percent of the sample. Studies were included regardless of
the language of the publication. The number of U.S. studies included (11 percent) was similar to
the number of Asian studies (16 percent). We determined the country by the study participants,
not the authors of the publication. The individual countries are shown in the evidence table.

The majority of included studies employed a modest number of participants, that is, ranging
between 11 and 100 participants. However, we also identified 111 larger studies (29 percent of
all included studies) with more than 100 participants. Small studies with between 1 and 10
participants constituted 14 percent of the entire sample of included studies; most, but not all,
were case studies. Figure 6 shows the number of participants included in the identified studies.
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Figure 6. Number of participants in included studies
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Across all studies and treatment arms, 24,615 intervention participants used a probiotics
product, of which 21,403 were in the main treatment group. Across all studies, 16,574
participants were allocated to a nonprobiotic control group.

In terms of study design, parallel RCTs accounted for two-thirds of the entire sample
addressing specific adverse events. We only classified those studies as RCTs that explicitly
stated the random allocation to treatment and control group. All other trials were categorized as
clinical controlled trials (CCT). We distinguished parallel and crossover RCTs, because with a
crossover design, a carryover effect from the intervention phase cannot be ruled out and may
lead to misinterpretation of the data. These trials included all studies where the intervention was
under the control of the investigator. Cohort studies comparing two cohorts or case-control
studies that addressed the safety of probiotics were not found. Cohort studies compare groups of
participants using probiotic organisms with a group of participants not using probiotics; the
intervention, that is, the use of probiotic organisms, is not controlled by the investigator but self-
selected by the participant, and the data obtained are purely observational. Case-control studies
are defined by the outcome, that is, a specific harm, and the intervention, the use of probiotic
organisms, is investigated as a possible risk factor for the outcome in question. The remaining
studies we included were case series and case studies, which represented 14 percent and 11
percent respectively. Case series report on a number of patients receiving the same intervention
without a control group. Some case series were before—after studies, but for this safety analysis,
these studies were not differentiated from other case series, because the preintervention data for
safety aspects were typically missing so there was no baseline that allowed a comparison. The
included case studies reported on one or more cases of adverse events attributed to probiotic
organisms.

We also categorized the health status of the participants taking part in the included studies.
We differentiated generally healthy, critically ill or high-risk patients, and participants with
medium or indeterminate risk on the continuum from generally healthy to critically ill. Two-
thirds of studies were in participants who were neither generally healthy nor critically ill. These
participants were suffering from a variety of health complaints such as diarrhea, ulcerative
colitis, or bacterial vaginosis. Some of the participant samples were generally healthy
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participants (81/387). The smallest group of included participants was critically ill or high-risk
patients, for example patients currently being treated in an intensive care unit or babies with very
low birth weight. The participants’ specific health problems were also extracted. We also noted
whether participant groups of interest to the Key Questions were systematically excluded from
each study, such as newborn and very young children; elderly participants; or immune-
compromised, critically ill, or high-risk patients. In all, 52 studies explicitly reported that
immunocompromised patients were excluded from the study. Another 73 studies excluded
pregnant women, and 36 excluded breastfeeding or lactating women.

For each study, we noted the reason for which the probiotic organisms were given. Seventy-
nine percent of studies used probiotic organisms in an attempt to either treat or prevent a specific
condition. Although probiotic organisms can be administered in the form of a food or food
ingredient, a drug, or a dietary supplement, and our search or inclusion criteria did not favor one
particular form over another, the probiotic organisms were administered in a clinical context in
the vast majority of identified studies, that is, testing the efficacy or effectiveness of the
preparation to treat or prevent a clinical indication. On a related note, although definitions of
drugs vary across countries (as reflected in the international literature), the vast majority of
interventions were not commercial food or dietary supplement products (see also Evidence Table
C2, Intervention). The evidence table also lists pertinent cotreatments such as antibiotics,
immunosuppressants, steroids, or dietary therapies. Of all included studies, 28 percent reported
that participants also took antibiotics while participating in the probiotics study.

Intervention

The Evidence Table C2, Intervention presents an overview of the specific interventions
evaluated in the included studies. When provided, the name of the product under evaluation was
extracted. Furthermore, we extracted the delivery vehicle for the probiotic organisms where
reported: in one-quarter of all included studies, the delivery vehicle was a pill or capsule. We
also extracted the target of the intervention, since we identified somestudies that gave probiotic
organisms to pregnant women, their babies after delivery, or both.

We also categorized the studies as to whether they investigated only one probiotic strain or
several (i.e., a mixed product). A single-genus product was investigated in 55 percent of studies.
In 39 percent of studies, more than one strain was included in the intervention preparation. The
latter studies included those in which the probiotic agents were given in yogurt or other milk
products, and we have included Lactobacillus and Streptococcus in this evaluation where
reported, even when the study did not claim any probiotic characteristics for the yogurt strains
(studies were inconsistent in differentiating strains with assumed probiotic properties or
attributing probiotic properties to the studied product in its entirety).

We carefully avoided searching by the names of particular strains, species, or genera.
However, the majority of identified studies targeted at least one Lactobacillus strain (73 percent).
In all, 34 percent of studies included at least one Bifidobacterium strain. The other genera of
interest to the report were represented in only 18 percent (Streptococcus), 12 percent
(Saccharomyces), 4 percent (Enterococcus), and 3 percent (Bacillus) of studies, respectively.
Figure 7 shows the number of strains by genus that were investigated in the included studies in
the various treatment groups. Many studies used exclusively one Lactobacillus strain and many
studies included more than one Lactobacillus strain but no other genera in the intervention.
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Figure 7. Included strains by genus

600

500 +—]

400 1

300 +—

200 +—

100 +—

0 | I — 1 . .
o ) & o
NS \\}6\ d o o W
O & Q) & & O
Sid & & S © *
xO so‘b (b\ 6\,0 éo
\;b(’ &0 Iy @ &
@‘\\\ %rz,o S

We also categorized studies according to whether the intervention included only probiotics,
or a combination of probiotics and prebiotics, that is, synbiotics. Fewer than 10 percent of studies
stated clearly that they used a synbiotic product or reported the addition of ingredients with
assumed prebiotic properties.

Details of the interventions were documented only sketchily. Studies reported the
investigated genus and often the species but strain information was often not reported, as
indicated by the large number of “not available (n/a)” entries in the evidence table. The evidence
tables include the species as reported regardless of reclassifications on genus, species, or strain
level based on new evidence. Apart from the genera Lactobacillus, Bifidobacterium,
Saccharomyces, Streptococcus, Enterococcus, and Bacillus, some intervention products also
included the genera Clostridium, Lactococcus, Leuconostoc, Pediococcus, and
Propionibacterium. The studied intervention products included the Lactobacillus species
acidophilus, bifidum, brevis, buchneri, bulgaricus, casei, caucasicus, coryniformis, crispatus,
delbrueckii, fermentum, gasseri, (GG), helveticus, johnsonii, lactis, leichmannii, paracasei,
plantarum, reuteri, rhamnosus, and salivarius as reported by the authors. The reported
Bifidobacterium species were animalis, bifidum, breve, clausii, infantis, lactis, and longum. The
Saccharomyces interventions were described as boulardii, cerevisiae, or cerevisiae boulardii,
and one study used the Saccharomyces florentinus. The reported Enterococcus species were
faecalis and faecium. The reported Streptococcus species were described as mitis, oralis, rattus,
salivarius, sanguis, and thermophilus, and some organisms were described as Streptococcus
faecium. The studied Bacillus species were described as clausii, coagulans, IP, licheniformis,
oligonitrophilus, stearothermophilus, and subtilis. Of all included studies, 43 percent did not
report on included strains.

The form of the probiotic strain was also often not reported: 62 percent of studies did not
report whether the organisms in the various intervention arms were in active, lyophilized, or
heat-killed form, and/or whether the tested organisms were viable.

For studies that reported using a commercial product, we extracted only the intervention
detail as reported by the authors, that is, we did not search for information from manufacturers to
determine the composition of the product. The review covers the international literature and was
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searched without restriction by publication year; it is possible that the product compositions vary
across countries and have also changed over time. Fewer than 10 percent of studies clearly
reported that they verified the probiotic strains that were given to participants as part of the
study. The verification checked for the included strains, whether any contaminants were
identified, and/or the number of active organisms.

The evidence table also shows the dose information as reported by the individual study
authors. For each study, we extracted the daily intake of probiotic products where possible. The
dose information was often incomplete, that is, the information provided was insufficient to
calculate participants’ actual daily or overall study exposure.

The evidence table also reports the length of the intervention in months. Many intervention
periods in the included studies were of short duration, often lasting for only 1 week. We
categorized studies by short-term, medium, and long-term use. Defining short-term use as 1
month or less and long-term use as 1 year or longer, we note that almost half of the included
studies (46 percent) reported an intervention period of 1 month or less, and only 5 percent of
studies explicitly investigated the long-term use of probiotic organisms, that is, use of probiotic
products for 1 year or longer. In the remaining studies, medium intervention durations were
studied (more than 1 month but less than 12 months) or in some cases, it could not be established
how long the probiotic product was taken. Figure 8 shows the individual study durations in
months.

Figure 8. Intervention duration in months
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We also differentiated the route of administration of the probiotic product. In two-thirds of
studies, probiotic organisms were administered orally. In 10 percent of these studies, enteral
feeding tubes were used, owing to the fact that a number of studies evaluated probiotics in
critically ill patients (see Evidence Table C1, Study and Participant Details).

In controlled studies, the probiotic intervention was most commonly compared to a placebo,
or a group receiving probiotic organisms in addition to another medication, product, or treatment
(the standard intervention) was compared to a group receiving only the standard intervention
without the probiotic addition. For studies with multiple interventions, we chose as the primary
intervention arm the one that differed from the control group only in the administration of a
probiotic.
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Assessment

We distinguished descriptions of the assessment of adverse events from the reported events.
Evidence Table C4, Results lists all reported events; however, the Evidence Table C3,
Assessment lists the specific adverse events that were reportedly assessed according to the
methods section of the publication. We noted all reported published systems used to record,
categorize, and grade adverse events; however, this information was not very common in the
included studies. The assessed safety parameters of controlled trials are summarized in Key
Question la. The information on observational studies is summarized in Key Question 1d.

We also categorized the duration of followup. In particular, in studies with multiple
publications, this categorization was based on the longest reported followup period. In terms of
short-, medium-, or long-term effects of probiotics use, outcomes were often elicited
immediately after the end of the intervention period. The use of the probiotic product had either
recently stopped, or in some instances was still ongoing at the time of the followup assessment.
One-third of included studies assessed the effects of a probiotic intervention within 6 months
after the intervention. Very few studies assessed long-term effects of probiotic use, i.e., effects
reported more than 1 year after the treatment had stopped.

Results

Evidence Table C4, Results lists the reported results separately for each treatment group in
the included studies (arm 1 to 4). The table documents the quantity, the quality, and the nature of
the reported adverse events. For each study, we also extracted the total number of participants
per study, the number of participants in each group at the time of randomization where
applicable, the specific reported adverse events, the number of dropouts, and the number of
dropouts due to adverse events.

In terms of the quantity of adverse events, we extracted the number of adverse event
incidences separately for each treatment arm. In addition, we extracted the number of
participants who experienced one or more adverse events per treatment arm. Since participants
could experience multiple adverse events, the number of participants with adverse events and the
total number of individual adverse events do not coincide and were extracted individually.

In terms of the nature of the adverse events, as outlined in the Methods section, we extracted
the exact adverse events as reported by the authors of the publication, and in addition, we applied
the Common Terminology Criteria for Adverse Events (CTCAE) system and categorized the
events according to 27 categories. The Roman numerals in the evidence table refer to the
CTCAE category, e.g., VIl is gastrointestinal disorders, XII is infections and infestations, and
XXVII is a miscellaneous category for events not covered by the CTCAE system or where
adverse events were reported in a way that did not allow the assignment to a single category. In
brackets after the individual adverse event, we added a characterization where possible (e.g.
mild, or classified as 1 according to the CTCAE system). However, this information was usually
not available. For each individual adverse event, we extracted the reported number of instances
of the event.

In terms of the quality of the adverse events, we assessed for each reported adverse event
whether it represents a serious adverse event (SAE) as outlined in the Methods section to
distinguish the large number of minor complaints from the serious events. In the evidence table,
the latter are noted as “(SAE)” for each applicable adverse event.

We also extracted a number of additional variables pertinent to the Key Questions such as the
number of hospitalizations and the duration of hospitalization, where reported. Whether the
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administered organism was recovered from the gastrointestinal tract, serum, mouth, or vagina
(indicator of efficacy or safety); the need for antibiotic therapy to treat an infection; and
occurrences of antibiotic resistance were also extracted and are explained in detail in the
following sections.

We noted that the quality of the reporting seems to have increased in recent years; however,
it is challenging to quantify this subjective observation. A logistic regression of the number of
individual adverse events (including zero events, i.e., reporting on the presence or absence of
adverse events) showed that the reporting of gastrointestinal events increased (B=0.048;
p=0.010), however, there was a larger increase in the reporting of infections and infestations
(B=0.014; p<0.0010).

Quality

Evidence Table C5, Quality summarizes the quality of the individual included studies, as judged
by two independent reviewers. We applied a number of quality criteria covering the quality of
the reporting as well as internal validity criteria for the study design. Only “met criteria” or
“possibly met/not enough information to judge the quality” are displayed in the table, to allow an
easy overview of the entire sample. Figure 9 synthesizes the quality of the reporting and the risk
of bias for all assessed variables for the included 387 studies meeting all inclusion criteria.

Figure 9. Quality of the reporting and risk of bias in included studies
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For each study, we evaluated the quality of the intervention reporting: Only studies reporting
the administered strain as well as the genus and species met the criterion (211/387 studies). The
assessment of adverse events was judged as clear and well reported by the two independent
reviewers in 93/387 studies. The reporting of the adverse events themselves was judged adequate
in 229/387 studies.

We also assessed the selection of the sample: 27/387 studies were judged to protect
adequately against selection bias, for example, through the use of consecutive patients or
explicitly representative samples drawn from the study population. Also, for controlled trials, we
assessed the comparability of the groups allocated to the probiotics and to the control
interventions. Of all controlled trials, 195/291 relevant studies were classified as adequate; these
studies reported basic baseline information on both groups, and the data were considered
comparable. As a quality measure for the study, we also judged whether the study reported a
power calculation that considered any adverse event. Of all included studies, six studies assessed
in advance whether their study would be adequately powered to show a statistically significant
difference in adverse events between treatment arms, should they occur. Because we expected to
find a number of case-control studies, we also assessed the studies for exposure ascertainment. In
194/387 studies, the reviewers were relatively certain that the probiotics were used as described,
for example, because studies reported on the compliance of the participants, or it was assumed
that the probiotic organisms were taken as indicated because studies took place in a controlled
hospital environment (i.e., most likely administered by hospital staff).

The reviewers also judged the method of harms surveillance. Reported adverse events can
differ across studies due to the method used to elicit adverse events. We differentiated passive
surveillance, such as health care providers recording adverse events when spontaneously
disclosed by participants, from active surveillance, for example, mention of a structured
assessment of harms that was part of the study protocol as evidence that participants were
explicitly prompted to report adverse events. In total, 172/387 studies were classified as using
active surveillance, while for the other studies only passive surveillance could be assumed, or it
was unclear from the reporting of the study.

Among the included studies were a large number of RCTs. In total, 121 studies described as
randomized had a randomization sequence approach that was described and considered adequate
(e.g., use of table of random numbers, computer generated sequences). We also judged the
concealment of treatment allocation—whether study personnel were able to predict the study arm
in which the participant would end up or whether the allocation to treatment groups was
concealed. Only 56 out of all 266 parallel RCTs reported treatment allocation concealment.
Finally, we assessed participant and outcome assessor blinding. In 223 studies, the participants
were blinded to the treatment they received; they did not know whether they consumed or were
exposed to the probiotic organisms in question, a placebo, or another control preparation. In a
similar number of studies (221/387), the outcome assessor was described as blinded: it was
assumed that the person eliciting the study outcomes was not aware whether the participant was
taking probiotic organisms or not.

When assessing the risk for adverse events in a particular study, it is important to identify the
number of dropouts (withdrawals). Whereas participants completing the intervention may report
no adverse events, adverse events can lead to withdrawal (and might or might not be accounted
for). In 290/387 studies, the numbers of withdrawals and dropouts were reported and the reasons
for dropping out were described, or it was clearly reported that there were no dropouts and all
participants were followed up. Of all parallel RCTs, 75 percent were judged by two independent
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reviewers to report adequately on withdrawals. As a general quality measure, we also assessed
whether studies reported an intention-to-treat analysis. In all, 99 included trials reported that they
analyzed participants according to the treatment group to which they were originally assigned
regardless of whether they completed the intervention or switched to another treatment. We also
assessed whether studies reported any attempts to investigate or to avoid upfront confounding
factors. Of all included studies, 126 were classified as attempting to address confounders, either
through statistical analyses (e.g., multivariate analyses) or by features of the study design (e.g.,
matching control groups).

We also assessed the potential for conflicts of interest. We differentiated studies that were
funded by a manufacturer of probiotics and studies where the conflict of interest was somewhat
unclear because of lack of reporting or because the researcher’s affiliation indicated no conflict
of interest but the article reported that the study products were donated by a manufacturer. In
61/387 included studies, the authors explicitly stated in the publication that they had no conflict
of interest.

Key Question 1. What is the evidence that the active (e.g., live or viable)
and lyophilized forms of probiotics (Lactobacillus, Bifidobacterium,
Saccharomyces, Streptococcus, Enterococcus, and Bacillus) as single
ingredients or in combination with other probiotics or prebiotics in all
delivery vehicles (and formulations) when used to cure, treat, mitigate or
prevent a disease or reduce disease risk are safe in the short term? Long
term?

All 387 studies meeting criteria for full data abstraction were considered to answer Key
Question 1. Studies were considered, regardless of the genus, species, or strain; form; and
delivery vehicles. Probiotics as well as synbiotics are included in the summary.

We have identified only very few studies that investigated Enterococcus or Bacillus strains
and that could be included in this review, despite an extensive and unrestricted search. The
following results primarily pertain to Lactobacillus, alone or in combination with other genera,
most often Bifidobacterium strains.

Very few included studies (nine in total) investigated long-term effects defined as reporting
on followup periods of one or more years.

(1a) What safety parameters are collected in clinical studies (Phases I-1V)?

The monitored safety parameters of the included CCTs and parallel and crossover RCTs are
shown in Evidence Table C3, Assessment in Appendix C. We distinguished assessed harms from
actually reported adverse events. Evidence Table C3, Assessment lists only outcomes that were
explicitly monitored according to the publication.

The majority of publications reported little information on the assessment of adverse events,
including what adverse events were monitored. Safety was one of the primary outcomes in only
55 publications out of all 291 identified CCTs, and parallel and crossover RCTSs.

Often, adverse events were not specified a priori. Many trials did not mention safety or
adverse events in the study outcome section (103 trials). A substantial number of publications
reported in the methods section of the publication that ‘adverse events’ were monitored but did
not define these outcomes further and reported no examples of what kind of events would be
monitored (55 studies). The “AE Non-specific” category in Evidence Table C3, Assessment
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includes those studies that explicitly monitored for any adverse event that occurred during the
study period.

The trials rarely reported the use of a protocol or a systematic approach for the assessment of
adverse events. Some publications used published tools to categorize adverse events. Allen
(2010) recorded all untoward medical occurrences and these were then independently reviewed.
The authors referred to the Directive 2001/20/EC and the ICD10 criteria. Aso (1992 and 1995)
evaluated adverse reactions according to the criteria of the Japan Society for Cancer Therapy
(Furue et al., 1986). Chouraqui (2008) and Dylewski (2010) reported that adverse events were
coded using the Medical Dictionary for Regulatory Activities (MedDRA). Hemmerling (2009)
used the DAIDS Toxicity Table Addendum for Vaginal Microbicide Studies, WHO/CONRAD
colposcopy manual 1994, and DAIDS Adult Toxicity Table (Division of AIDS, 2007) . The
severity of adverse reactions was assessed using the CTCAE, version 2.0 in the trial by Naito
(2008). The Common Toxicity Criteria of the National Cancer Institute of Canada scale version
2 was used by Osterlund (2007) to assess and grade any adverse events. Sykora (2005) used a
tool for H. pylori treatment side effects (de Boer, 1996) and assessed the causal relationship of
the encountered side effects to the treatment. Wind (2010) also used published tools to assess
safety (Gastrointestinal symptom rating scale, Svedlund et al., 1988; King's stool chart, Whelan
et al., 2004).

When specified, the assessment of adverse events was either by provider assessment at the
time of clinical examination (165 trials), by patient diary (68 trials), by questionnaire (24 trials),
or explicitly by telephone interview (21 trials), and some trials used lab tests (24 trials), but a
substantial number of trials (52 trials) did not specify how adverse events were elicited. In
studies with provider assessment, it was usually unclear whether participants were prompted to
report adverse events, whether clinicians routinely checked for particular events, or whether it
was left up to the participants to mention events that they noticed. We suspected that studies that
completed an Investigational New Drug (IND) application were more likely to report a
systematic approach to assessing harms, but only one publication (McFarland, 1994) reported on
the completion of an IND application.

Individual outcomes that were frequently explicitly monitored were “diarrhea” (37 trials),
“vomiting” (27 trials), “constipation” (22 trials), “flatulence” (13 trials), “abdominal pain” (12
trials), “bloating” (10 trials), and “nausea” (9 trials) (see Evidence Table C3, Assessment in
Appendix C). Signs of infections were rarely explicitly monitored in the included trials. The
outcome “sepsis” or signs of sepsis was assessed in 11 of the included trials. Nine trials reported
that “infections” were monitored, two trials explicitly monitored for bacteremia, and none of the
trials stated in the methods section that fungemia was monitored. The outcome “death” was
specified as a monitored adverse event in nine trials (this number does not include studies
assessing mortality as an efficacy or effectiveness measure). Data on hospitalizations are
presented in detail in Key Question 5.

All studies eligible for full data extraction had to report on a specific adverse event. All
specific adverse events that were recorded are presented in Evidence Table C4, Results in
Appendix C. These adverse events were reported in the publication, even though the study might
not have stated upfront that safety was assessed or defined what would be considered an adverse
event. The table covers the presence as well as the absence of adverse events (zero events). In
other words, the publications that reported identified no instances of a particular harm.

The specific outcome most commonly reported on across studies was “diarrhea.” In total, 59
studies reported the absence or presence of diarrhea incidences in the treatment arms. This was
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followed by “vomiting” (39 studies). Incidences of “death” or the absence of incidences was
reported in 36 studies. The outcome “nausea” was recorded in 24 studies. “Sepsis” or
“septicemia” was reported on in 21 studies. Twenty-three studies reported on “abdominal pain”
and 30 on “constipation.” “Headache” was reported on in 22 studies. Flatulence was reported on
in 19 studies, and 16 studies reported on the presence or absence of “bloating” incidences. All
other outcomes were addressed in fewer than 10 studies.

In almost all included studies, the outcome assessment took place shortly after probiotic
organisms were given (assessing short- and medium-term effects), and the intervention period
was less than one year long (studying short- and medium-term use).

(1b) What harms are reported in clinical studies (Phases I-1V)?

For all CCTs and parallel and crossover RCTs, we recorded which adverse events were
reported and how many participants per treatment group experienced the presence or absence of
this particular outcome. In the evidence tables, the study arms appear in this order: main
treatment group, control group, and additional treatment groups to which probiotics were given.

Exact adverse events as reported were extracted and are shown in Evidence Table C4,
Results, in Appendix C. We extracted all reported results, including zero events (e.g., zero cases
of sepsis). We classified the adverse events according to the CTCAE system and added the
corresponding codes | to XXVII. Where possible, we graded the severity of the symptom on a
scale from 1 to 5 or characterized the adverse event further if additional information was
provided (in brackets after the harm). Studies reported on the presence or absence of a very large
number of individual outcomes.

The number of reported adverse events per study varied greatly, presumably depending in
part on the thoroughness of the adverse event recording and potentially in part on the type of
study; for example, most studies whose primary aim was to assess the efficacy of probiotics
reported one or more cases of each of a small number of adverse events encountered. Other
studies, the primary aim of which was to specifically investigate the safety of probiotics in
substantial participant samples, compared the incidence of relatively common occurrences such
as colic in infants. Finally, this review also considered studies of “failed effectiveness,” that is,
studies that assessed the efficacy or effectiveness of probiotics in preventing a particular
condition (e.g., antibiotic-induced diarrhea or allergic dermatitis), where, unexpectedly, the risk
for the condition actually increased in the probiotics group (rather than decreasing, as was
hoped); thus, the primary outcome (efficacy, or lack thereof) became the safety issue.

Frequent Individual Adverse Events

The most commonly reported individual adverse events were “death,” ““diarrhea,”
“constipation,” “nausea,” “respiratory infections,” “spitting up,” “abdominal discomfort,”
“dyspepsia,” “colic,” “abdominal fullness,” “allergy sensitization,” and “pain on micturition.”
This analysis considers only the exact wording; similar symptoms or syndromes were not
grouped. A categorization of reported adverse events is undertaken in response to Key Question
2c. Only data that indicated the treatment group in which the adverse event occurred were
considered.

Across all trials, 177 incidences of “deaths” were reported in probiotic treatment groups, and
174 incidences were reported in a control group. Mortality was recorded in 32 trials, and each
contributed one or two cases to the total number, with the exception of Kerac (2009), Besselink
(2008), and Awad (2010). Kerac (2009) monitored deaths in children with severe acute
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malnutrition and reported 108/399 deaths in a group receiving synbiotics compared to 119/396 in
children using a control formula. The PROPATRIA trial reported by Besselink et al. (2008), a
study of failed effectiveness, reported on 24 deaths in a treatment group compared to 9 cases in
the control group in patients with acute pancreatitis. The deaths were not directly associated with
cases of sepsis caused by the administered organism (0 incidences). Awad (2010) reported 5/60
deaths in a Lactobacillus acidophilus intervention group for the prevention of necrotizing
enterocolitis and sepsis compared to 6/30 neonates receiving placebo; however mortality was
14/60 in the heat-killed Lactobacillus acidophilus group.

Of the other trials that reported on the group the deceased participant was originally allocated
to, eight recorded more death incidences in one or more probiotic or synbiotic treatment groups
compared to a control group (Bajaj, 2008; Beausoleil, 2007; Correa, 2005; Frohmader, 2010;
Ishikawa, 2005; Manley, 2007; Naito, 2008; Puccio, 2007). Nine trials reported more deaths in
control groups (Alberda, 2007; Basu, 2007; Chui, 2009; Dylewski, 2010; Honeycutt, 2007;
Klarin, 2008; McFarland, 1994; Reuman, 1986; Sazawal, 2010). Three trials reported an equal
number of deaths across groups (Dewan, 2007; Klarin, 2005; Tempe, 1985). Several studies
reported that no deaths occurred in either treatment group of the trial (Anukam, 2008; Delia,
2002; Gibson, 2008; Knight, 2007; Lata, 2009; Luoto, 2010; Merenstein, 2009; Merenstein,
2009; Rio, 2002).

In total, 130 cases of diarrhea were reported in probiotics treatment groups, compared to 126
cases in a control group; the outcome was assessed in a large number of studies. Individual study
results varied, sometimes favoring the probiotics treatment group, sometimes the control group,
or reporting an equal number of incidences as documented in the Evidence Table C4, Results.
Constipation was assessed in a large number of studies that contributed 1 or 2 cases of
constipation in each of the treatment groups to the total number of 78 cases in a probiotics
intervention and 73 cases in a control group. McFarland (1994) reported eight cases of
constipation in the treatment group and two in the placebo group. Nausea was assessed in many
studies, and several contributed 1 or 2 cases to the total number of 58 in probiotics users and 52
across control groups. However, Besselink (2008) reported 20 cases of nausea in the treatment
group and 23 in the control group.

Respiratory infections were assessed in a number of studies, but 47 out of all 58 reported
infections in a treatment group, and 49 out of all 59 control group incidences were reported by
Gibson (2008), investigating the safety of a probiotic infant formula.

The 52 cases of “spitting up” in participants taking probiotics compared to 45 control group
cases were almost all reported in a study by Abrahamsson (2007) (2 control group cases were
reported by Maldonado (2009) investigating a probiotics intervention in the prevention of
eczema).

There were 46 cases of “dyspepsia” in the probiotics group across studies and 3 in control
group participants. As 45 cases came from one study that did not explicitly report on the control
group (Turchet, 2003), the interpretation of the difference in results has to be regarded with
caution. The adverse event with the next highest incidence was that of “constipation” (76 cases
vs. 71 cases among control). In all, 44 cases of “abdominal discomfort” were reported across
probiotics intervention groups (compared to the same number in a control group) where the
number of adverse events was clearly stated. The symptom was assessed in a number of studies
but the cases primarily came from one study (Kukkonen, 2007) that evaluated a synbiotic infant
formula (35 cases in treatment, 37 in control group).
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Colic was assessed in a number of studies, but 17 out of the 38 treatment group cases and 15
out of all 33 incidences of colic in control group infants were reported in Vlieger (2009), who
investigated the tolerance and safety of a probiotic infant formula. There were 36 recorded
incidences of abdominal fullness in a probiotics intervention group and 43 incidences across the
control groups, all reported in one study (Besselink, 2008). All 35 cases of ‘allergy sensitization’
in the treatment group compared to 21 cases in the control group were identified in a failed
effectiveness study (Taylor, 2007) that investigated the role of probiotic infant formula in the
prevention of atopic dermatitis. The 31 cases of pain on micturition compared to 42 control
group incidences were reported by Naito (2008) investigating adverse events in patients with
transurethral resection of bladder cancer. All other events occurred in fewer than 30 participants
across the 291 trials; all individual study results are shown in the Evidence Table C4, Results.

Number of Adverse Events

To quantify the risk of adverse events, we extracted two measures from individual studies,
the number of participants with adverse events and the number of incidences of adverse events.
This review included studies in generally healthy as well as critically ill participants with
multiple morbidities. The listed adverse events are primarily of interest only in relation to a
control group. Only controlled studies allow a comparison of the natural occurring rate of
adverse events, the rate that can be expected with patients suffering from a particular condition,
or that are caused by cointerventions.

Number of participants with adverse events. For each included study, we extracted the number of
participants who experienced an adverse event in each group, where available. There were 121
studies that reported this number for a group with probiotics intake and a control group not
receiving probiotic organisms as part of the intervention. The pooled relative risk effect for the
number of adverse events was 0.98 (95% confidence interval [CI]: 0.93, 1.04, p=0.537)
indicating that the risk to experience any adverse event was not higher in the probiotic group
than in a control group not taking probiotics. The pooled risk difference was -0.001 (95% CI: -
0.005, 0.003, p=0.993), indicating no difference between treatment and control groups.

The included controlled trials used a variety of control interventions. For comparisons
between treatment groups, we considered all control interventions that were characterized by the
absence of probiotics use. In a further sensitivity analysis, we restricted the comparison to
parallel placebo-controlled RCTs. There was also no indication of an increased risk of adverse
events relative to placebo control group participants (relative risk [RR]: 0.98; 95% CI: 0.92,
1.05; p=0.654; risk difference [RD] -0.003; 95% CI: -0.009, 0.004; p=0.386.

Number of incidences of adverse events. Not all studies reported explicitly the total number of
participants who experienced any adverse event in each treatment group. The majority of studies
reported one or more instances of adverse events that occurred in each group. From the
publication it was not always clear whether these events were the only adverse events
encountered and how many participants experienced an adverse event, as a participant can
experience more than one adverse event. An alternative way to approach the risk for adverse
events is to synthesize across all mentioned adverse event incidences. Studies where the total
number of adverse event incidences exceeded the number of participants were excluded from
this analysis, but 208 studies entered the analyses. The pooled relative risk for probiotics groups
relative to control groups was 1.00 (95% CI: 0.93, 1.07, p=0.999) in this analysis, indicating an
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equal risk of adverse events in the intervention group and the control group. The risk difference
between intervention and control groups was 0.002 (95% CI: -0.002, 0.007, p=0.303). The small
difference was not statistically significant; despite the large number of RCTs, no difference
across treatment arms in the quantity of adverse events could be observed.

Considering only parallel placebo-controlled trials, there was also no evidence for a
statistically significantly increased risk of adverse events based on the number of adverse event
incidences (RR 1.02; 95% CI: 0.94, 1.10; p=0.659; RD 0.0010; 95% CI: -0.004, 0.006; p=0.659).

These quantitative analyses consider only the total number of adverse events reported in the
main treatment group and the main control group, regardless of the type of outcome, including
mild side effects such as bloating as well as serious adverse events such as sepsis and death. In
section 2c we explore the nature of reported adverse events further, and Key Question 5
summarizes the evidence on serious adverse events.

A detailed analysis of the genera-specific safety reported in controlled trials is provided in
Key Question 3b, additional intervention factors are also explored in Key Question 3.

Long-Term Effects

Of all included controlled trials, six addressed long-term effects of probiotics intake, meaning
the studies reported followup assessments of one year or more. All investigated Lactobacillus
strain interventions, alone or in combination with Bifidobacterium.

Abrahamsson (2007) investigated a short prenatal exposure and then 1 year of intake of
probiotic organisms (Lactobacillus reuteri ATCC 55730) in infants to prevent eczema and found
no differences in gastrointestinal problems between groups (spitting up, colic, or constipation),
the last followup was at two years, one year after the original treatment had stopped, and no
other adverse events were reported. Kopp (2008) investigated a short prenatal exposure and then
six months of probiotics intake (Lactobacillus rhamnosus GG ATCC 53103) in infants to
prevent atopic dermatitis and pointed out that children with recurrent episodes of wheezing
bronchitis were more frequent in the probiotics treatment group (13 vs. 4 cases, p=0.03) at the 2-
year followup, 1.5 years after the original treatment had stopped; the authors reported that no
other notable adverse effects attributable to the probiotics supplementation were observed.
Kuitunen (2009) (see also Kukkonen, 2007) investigated a short prenatal exposure and then 6
months of probiotics intake (Lactobacillus rhamnosus GG ATCC-55 103) in infants to prevent
allergic diseases and found similar rates of abdominal discomfort, vomiting, excessive crying,
and difficulty swallowing the product across groups, but infants in the probiotic group had
significantly lower hemoglobin values than the placebo group. The followup period was 2 years;
the last followup was 1.5 years after the intervention had stopped. Ljungberg (2006) followed
children with genetic risk for type 1 diabetes mellitus for two years to evaluate the feasibility of
using Lactobacillus rhamnosus GG in the first 6 months of life to decrease the appearance of
Type 1 diabetes-associated autoantibodies. At the 2-year followup, the study found two samples
positive for autoantibodies (3 across all followup periods), but the treatment group allocation was
not specified, and other adverse event results were not reported. Naito (2008) investigated a 1-
year probiotic supplementation (Lactobacillus casei Shirota) of participants on chemotherapy
and reported no statistically significant differences between pain on micturition, urinary
frequency, gross hematuria, constipation, or diarrhea across groups in the 3-year followup
period, 2 years after the intervention stopped.

Niers (2009) investigated a short prenatal exposure and then 1 year of Bifidobacterium and
Lactobacillus intake of mothers and their high-risk children to prevent allergic disease and

33



followed these dyads for 2 years. The flow diagram shows that the rate of dropouts for health
problems of the child or the mother, feeding difficulties, or gastrointestinal colic were similar
across groups.

No other trials were identified that reported on long-term effects of probiotics. The effects of
long-term use of probiotics (defined as intervention durations of 1 year or more) are described in
Key Question 4a.

(1c) What harms are reported in case reports?

In total, 43 case studies were identified that reported 1 case (Barton, 2001; Bassetti, 1998;
Burkhardt, 2005; Cesaro, 2000; Cherifi, 2004; Conen, 2009; De Groote, 2005; Fredenucci, 1998;
Henry, 2004; Hwang, 2009; Jensen, 1976; Ku, 2006; Ledoux, 2006; Lestin, 2003; Lolis, 2008;
Lungarotti, 2003; Mackay, 1999; Munakata, 2010; Niault, 1999; Oggioni, 1998; Oh, 1979;
Ohishi, 2010; Perapoch, 2000; Piarroux, 1999; Piechno, 2007; Pletinex, 1995; Presterl, 2001;
Rautio, 1999; Rijnders, 2000; Tommasi, 2008; Trautmann, 2008; Viggiano, 1995; Zein, 2008;
Zunic, 1991), 2 cases (Force, 1995; Kunz, 2004; Land, 2005; Riquelme, 2003), 3 cases (Kniehl,
2003; Munoz, 2005), 4 cases (Hennequin, 2000; Richard, 1988) or 6 cases (Lherm, 2002) of
individuals who experienced an adverse event potentially associated with administered probiotic
organisms. Only patients reported to have taken probiotic organisms purposefully (intervention
study criterion) were eligible for inclusion in the review; hence, Perapoch et al. (2000) and
Piarroux et al. (1999) contributed only one case each to the evidence tables, Munoz (2005) three
cases, and Lherm (2002) six out of seven discussed cases. The identified case studies reported on
62 cases in total.

The participant details are abstracted in Evidence Table C1, Study and Participant Detail; the
product details are abstracted in Evidence Table C2, Intervention. We extracted details for all
included case studies that reported adverse events. We extracted the exact reported adverse
event(s) and classified them using the CTCAE classification system. Although the reporting of
adverse events tended to be more detailed in case studies, it was nonetheless rarely possible to
grade the severity of the individual symptoms. The adverse events are shown in Evidence Table
C4, Results.

The safety of probiotics was the main aim of all included case studies; the topic was an
adverse event potentially associated with the intake of probiotic organisms. The case reports
considered the adverse event to have potentially been caused by the intake of probiotic
organisms.

The majority of publications presented the finding as a rare event of clinical importance
encountered in clinical practice (Barton, 2001; Bassetti, 1998; Burkhardt, 2005; Cesaro, 2000;
Cherifi, 2004; Conen, 2009; De Groote, 2005; Force, 1995; Fredenucci, 1998; Hennequin, 2000;
Henry, 2004; Hwang, 2009; Jensen, 1976; Ku, 2006; Kunz, 2004; Land, 2005; Ledoux, 2006;
Lestin, 2003; Lolis, 2008; Lungarotti, 2003; Mackay, 1999; Munakata, 2010; Niault, 1999;
Oggioni, 1998; Oh, 1979; Ohishi, 2010; Perapoch, 2000; Piechno, 2007; Pletinex, 1995; Presterl,
2001; Rautio, 1999; Rijnders, 2000; Riquelme, 2003; Tommasi, 2008; Trautmann, 2008;
Viggiano, 1995; Zein, 2008; Zunic, 1991).

Other cases were identified by following up a particular infection and then investigating
whether it might be linked to exposure to probiotics. Lherm (2002) describe seven cases of
fungemia in an intensive care unit, 6 of which could be linked to pretreatment with
Saccharomyces boulardii [cerevisiae]. Munoz (2005) observed three patients with
Saccharomyces cerevisiae fungemia in an intensive care unit for whom a review of the medical
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records identified the treatment with Ultralevura as a risk factor. Piarroux (1999) retrospectively
analyzed case histories of 437 observed cases of fungemia and concluded that Saccharomyces
accounted for 16 cases. The authors described a Saccharomyces boulardii [cerevisiae]
intervention for one patient but provided no further details on the other cases. Richard (1988)
followed up all encountered cases of bacteremia caused by a Bacillus strain in a 6-year period
and concluded that four of eight cases of Bacillus subtilis bacteremia were associated with the
absorption of an oral preparation containing Bacillus subtilis spores.

The most commonly reported single outcome in the case studies was fungemia. Fungemia or
presence of Saccharomyces cerevisiae/boulardii in blood cultures was reported for 33 cases in
21 publications (Bassetti, 1998; Cesaro, 2000; Cherifi, 2004; Force, 1995; Fredenucci, 1998;
Hennequin, 2000; Henry, 2004; Lherm, 2002; Lolis, 2008; Lungarotti, 2003; Munoz, 2005;
Niault, 1999; Perapoch, 2000; Piarroux, 1999; Piechno, 2007; Pletinex, 1995; Rijnders, 2000;
Riquelme, 2003; Trautmann, 2008; Viggiano, 1995; Zunic, 1991). In addition, one publication
reported the spread of fungemia to another infant who had not consumed probiotic organisms
(Perapoch, 2000). All studies reported that the infection was associated with the administered
organism Saccharomyces boulardii [cerevisiae]; however more details on the reliability and
validity of the recovery methods are given in section 1h.

Eight cases of bacteremia associated with Lactobacillus acidophilus, Lactobacillus casei,
Lactobacillus GG, and Bacillus subtilis were reported in six publications (Barton, 2001; De
Groote, 2005; Ledoux, 2006; Richard, 1988; Tommasi, 2008).

Sepsis was reported for nine cases described in seven publications (Burkhardt, 2005; Kunz,
2004; Land, 2005; Lestin, 2003; Oggioni, 1998; Ohishi, 2010; Zein, 2008). The authors
associated the outcome with the intake of Saccharomyces boulardii [cerevisiae], Lactobacillus
GG, Bacillus subtilis, Bifidobacterium breve, or a blend of Bifidobacterium and Lactobacillus
strains, but more details are reported in section 1h.

D-lactic acidosis was reportedly associated with Lactobacillus acidophilus in one case, a
blend of Lactobacillus acidophilus and Bifidobacterium infantis in one other, and a product
containing Lactobacillus acidophilus, Lactobacillus bulgaricus, Streptococcus faecalis, and
Streptococcus faecium in three publications (Ku, 2006; Munakata, 2010; Oh, 1979). Endocarditis
was reported in two publications reporting on two total cases (Mackay, 1999; Presterl, 2001),
associated with a blend of Lactobacillus and Streptococcus strains. The development of an
abscess associated with Lactobacillus rhamnosus was reported in two publications describing
one case each (Conen, 2009; Rautio, 1999). Fever as the main adverse event after
Saccharomyces boulardii [cerevisiae] use was described in one publication describing one
patient (Jensen, 1976). One case of food protein-induced enterocolitis syndrome was associated
with a Saccharomyces boulardii [cerevisiae] intervention (Hwang, 2009). Kniehl et al. (2003)
reported 3 cases of diarrhea in patients who took a Bacillus product, but concluded that
probiotics medication may result in diagnostically misleading results when stool specimens are
taken (pseudo-outbreak of Bacillus cereus).

Twelve of the 59 patients described above died: 1 patient due to neurological complications
(Richard, 1988), 1 due to pulmonary infection (Richard, 1988), 1 due to complications of
anorexia nervosa (Cherifi, 2004), 1 due to multiple organ failure after bypass operation (Lestin,
2003), 2 presumably primarily sepsis related (Oggioni, 1998; Rijnders, 2000), and 6 patients due
to causes not further specified (Lherm, 2002; Munoz, 2005).
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Long-Term Effects

Three studies reported on the clinical course of the presented case studies and followed the
patient for 1 year or more.

Oh (1979) reported on an incidence of d-lactic acidosis in a patient with short-bowel
syndrome taking Lactobacillus acidophilus. After treatment with neomycin, the patient remained
free of acidosis and neurologic dysfunction in the reported 1-year followup period. Presterl
(2001) reported on a case of endocarditis initially associated with the intake of Lactobacillus
rhamnosus after possible long-term consumption of probiotic yogurt (exact duration not
reported, DNA-based methods showed no match of organisms). After treatment with penicillin
for the infection and other medical procedures for further morbidities, the patient was well at the
3-, 6-, and 12-month checkups.

Cesaro (2000) reported on a case of Saccharomyces cerevisiae fungemia in a neutropenic
patient. After treatment with amphotericin-B, bone marrow transplantation, and chemotherapy to
treat leukemia, the patient was well at least 3 years after the fungemia incidence.

(1d) What safety parameters are collected in population surveillance
studies and other observational studies, and do these include only standard
clinical safety parameters (e.g., standard blood chemistry profiles) or also
expanded laboratory or clinical testing unique to the use of probiotics?

None of the included studies in this review is a traditional population surveillance study.
None of the screened studies followed participants who chose to take probiotics or synbiotics,
and hence would have been a self-selected intervention group. With the exception of some case
studies, all of the included studies were part of a research study investigating the effects of
probiotics or synbiotics chosen by the study investigators. We identified no cohort study
comparing a group of participants who used probiotics with a group of people who did not. We
also did not identify case-control studies that met all our inclusion criteria, that is, studies that
identify cases by the outcome and look for potential risk factors, of which taking probiotics
might be one. Hence there is no evidence from traditional population surveillance studies.

We identified 53 case series, studies that followed a group of participants who were given
probiotics or synbiotics. Case series do not compare the results of the treatment sample to a
control group, so this evidence is typically classified as observational and limited in its power to
allow inferences from observed adverse events to the received intervention. Two thirds of the
identified studies used medium sample sizes. Only 8 large studies (reporting on 100 or more
participants) were identified (Bellomo, 1979; Cobo Sanz, 2006; Colecchia, 2006; Di Pierro,
2009; Dughera, 2007; Fukuda, 2008; Gniwotta, 1977; Luoto, 2010). Eight studies reported on 10
or fewer participants (Benchimol, 2004; Berman, 2006; Bruce, 1988; Elmer, 1995; Garrido,
2005; Hensgens, 1976; Malkov, 2006; Reid, 2001; Weiss, 2010).

Nineteen of the case series indicated that investigating the safety of the intervention was one
of the main aims of the publication (Bibiloni, 2005; Bruni, 2009; Colecchia, 2006; Elmer, 1995;
Fukuda, 2008; Gabrielli, 2009; Huynh, 2009; Karimi, 2005; Kitajima, 1997; Lamiki, 2010;
Lombardo, 2009; Luoto, 2010; Mego, 2005; Nobuta, 2009; Rosenfeldt V, 2003; Uehara, 2006;
Yim, 2006; Zahradnik, 2009). However, almost half of the case series did not report that they
assessed adverse events as part of their treatment evaluation, as can be seen in Evidence Table
C3, Assessment.
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Where studies stated that adverse events were monitored, they typically did not define what
would be considered an adverse event and what exactly was monitored. Where specified, studies
mentioned that they monitored gastrointestinal symptoms or blood chemistry results.

To assess any adverse events that may occur during the treatment period, some studies used a
patient diary (Barrett, 2008; Bekkali, 2007; Gionchetti, 2007; Huynh, 2009; Lamiki, 2010;
Lombardo, 2009; Zahradnik, 2009) or a questionnaire (An, 2010; Barrett, 2008; Cobo Sanz,
2006; Colecchia, 2006; Dughera, 2007; Gruenwald, 2002; Nobuta, 2009), but in most cases, the
assessment was done by a health care professional. It was often not clear whether the assessment
of adverse events was prompted or whether the health care professionals recorded only adverse
events that participants chose to mention. Colechia (2006) reported the use of a published
questionnaire (Neri, 2000) for the harms assessment. The measure was designed to discriminate
irritable bowel syndrome and gastrointestinal diseases from food allergies; however it also
covered drug tolerance. Mego (2005 and 2006) graded toxicity according to the National Cancer
Institute Common Toxicity Criteria (version 2.0), designed to report results of cancer treatment.

We also extracted which adverse events were reported on by the authors, regardless of
whether the harm occurred or it was reported that no incidence of the harm was found. The most
frequently recorded individual adverse event was diarrhea or watery stool (recorded in nine
studies); gas, meteorism, or flatulence (nine studies); bloating or fullness (seven studies);
abdominal pain or gastralgia (five studies); and nausea (six studies).

(1e) What harms are reported in population surveillance studies and other
observational studies?

As described under Key Question 1d, we did not identify conventional population
surveillance studies that met our inclusion criteria. The only evidence that can be described here
stems from case series. In this review, a case series was defined as a study reporting on a single
group of participants using probiotics or synbiotics. In total, 53 case series were identified
reporting on 3,473 participants. The majority investigated Lactobacillus strain interventions,
mainly alone or in some cases in combination with strains of other genera. Five studies
investigated an intervention including Bifidobacterium, four used Saccharomyces, three
Enterococcus, two Streptococcus, and two Bacillus organisms. All included genera are indicated
in the Evidence Table C4, Results, details of the individual interventions are shown in Evidence
Table C2, Intervention.

For all case series, we extracted which adverse events were reported in the publication, using
the exact wording from the articles. In addition we classified the adverse events using the
CTCAE classification system and graded events where possible; however the reported detail of
adverse events rarely permitted grading the severity. We also indicated for each outcome
whether it was considered an SAE. The details of each study can be seen in Evidence Table C4,
Results.

The most frequently reported incidence of an individual symptom across the case series was
bloating or fullness (25 participants, recorded in 7 studies) followed by diarrhea or watery stools
(22 participants across studies, 16 studies recorded the outcome). Flatulence or gas (20
participants, 9 studies recorded the outcome) and nausea (18 participants, recorded in 13 studies)
were also recorded in more than 10 participants.

In total, the case series reported 12 deaths across studies, and the outcome was recorded in 3
studies. During the study reported by Carlsson (2009), two dementia patients using Lactobacillus
and Lactococcus among other medications died. Malkov (2006) reporting on a sample of 10
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cancer patients using, among other medication, a Bacillus oligonitrophilus KU-1 containing
product, all of whom died from unspecified causes, liver failure, pulmonary edema, and stroke.
Mego (2006) reported that no deaths occurred (Enterococcus faecium M-74 containing
intervention).

In the absence of a control group and multiple alternative explanations for the reported
adverse events, it is not possible to attribute the events to the probiotics intervention.

Long-Term Effects
None of the included case series reported on long-term treatment effects (a followup of 1 or more
years after the administration of probiotic organisms).

(1f) What harms are reported in human mechanistic studies?

Of the included studies that reported a specific adverse event, none could clearly be
described as a mechanistic study. Studies primarily investigating possible mechanisms of action
of probiotics are either not published in the peer-reviewed literature and databases we searched,
which concentrated on health research, or they do not consider patient health outcomes, the focus
of this review. We also identified only a very small number of studies that reported nonspecific
safety statements and that could be described as mechanistic studies (see Appendix C, Evidence
Table C6, Nonspecific Safety Statements).

A study focusing in part on a mechanistic question (Garrido, 2005) investigated how the
ingestion of different amounts of Lactobacillus johnsonii Lal influences the main bacterial
populations of the fecal microbiota in eight symptomatic volunteers. The study stated that the
participants showed good tolerance for the product and noted only mild increases of borborygmi.
Johansson (1998) investigated the survival of Lactobacillus plantarum DSM 9843 (299v) after
ingestion in a RCT and reported that five participants in the probiotic and (the rose-hip drink)
control group experienced transient abdominal discomfort, nausea, or flulike symptoms.
Songisepp (2005) studied the fecal lactoflora composition, Lactobacillus fermentum ME-3
recovery, intestinal lactoflora, and oxidative stress markers of blood in healthy volunteers and
reported one acute respiratory viral infection (treatment group unclear) and no changes in
gastrointestinal functions or other adverse effects on general welfare.

A case series by Biblioni (2005) that investigated the composition of biopsy-associated
microbiota in patients with ulcerative colitis among other questions reported that no biochemical
adverse events occurred with VSL#3, but 29 percent of participants reported increased bloating.
Satokari (2001) published an additional article on polymerase chain reaction and denaturing
gradient gel electrophoresis monitoring of fecal Bifidobacterium populations in a prebiotic and
probiotic trial, and reported one incident of abdominal discomfort in the control group and one
control group participant who did not complete the study due to antibiotic treatment.

(1g) Do the studies describe an antibiotic therapy designed to treat
unintended pathology caused by the administered organism?

Of the 387 included studies, 40 case studies (of all 43 case studies) described an antibiotic or
antifungal therapy designed to treat unintended pathology potentially caused by the administered
organism (Barton, 2001; Bassetti, 1998; Burkhardt, 2005; Cesaro, 2000; Cherifi, 2004; Conen,
2009; De Groote, 2005; Force, 1995; Fredenucci, 1998; Hennequin, 2000; Henry, 2004; Ku,
2006; Kunz, 2004; Land, 2005; Ledoux, 2006; Lestin, 2003; Lherm, 2002; Lolis, 2008;
Lungarotti, 2003; Mackay, 1999; Munakata, 2010; Munoz, 2005; Niault, 1999; Oggioni, 1998;
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Oh, 1979; Ohishi, 2010; Perapoch, 2000; Piarroux, 1999; Piechno, 2007; Pletinex, 1995;
Presterl, 2001; Rautio, 1999; Richard, 1988; Rijnders, 2000; Riquelme, 2003; Tommasi, 2008;
Trautmann, 2008; Viggiano, 1995; Zein, 2008; Zunic, 1991). Details of the case studies are
described in section 1c.

None of the other studies (i.e., case series, CCTs, parallel and crossover RCTs) reported the
use of antibiotics to treat unintended effects of the probiotics treatment.

However, causes for antibiotic or antifungal therapy were neither always clearly stated nor
easy to establish, and authors might not have associated the treatment with the probiotic
intervention. Hence, we extracted any mention of antibiotic treatment in the included studies.
This summary does not include studies where all participants received antibiotics as a
cotreatment or studies where the reduction or prevention of antibiotics use was an efficacy
outcome. Only studies were considered that reported that a course of antibiotic or antifungal
treatment was required to treat an adverse event of individual participants during or after the
intervention period.

Two case series reported that a participant required antibiotic treatment during a probiotic
intervention. One study reported antibiotic treatment for febrile neutropenia (Mego, 2006). The
other study reported treatment for a case of bronchitis (Reid, 2001).

Seventeen RCTs in total reported explicitly that a participant required antibiotic treatment
during or after the intervention. In none of the RCTs did the authors relate the infections
requiring antibiotic treatment to the probiotic, and antibiotic treatment was required in treatment
and control group participants.

One study reported that participants receiving the probiotic had more otitis media, and it was
then treated with an antibiotic (Abrahamsson, 2007). Allen (2010) reported more respiratory
infections in the probiotic treatment group compared to placebo, and nine cases across arms were
treated with antibiotics. Basu (2007) reported that two participants in each group were treated for
septicemia (presumably with antibiotics, although not explicitly stated). Another study reported
that two participants received antibiotics for abscesses that the authors attributed to Crohn’s
disease, specifically stating that they were “not caused by LGG,” or Lactobacillus GG
(Bousvaros, 2005). Gerasimov (2010) reported that three preschool children (two treatment
group and one control group) treated for atopic dermatitis were lost to followup due to
respiratory tract infections requiring antibacterial therapy. Two of the RCTs reported
unanticipated antibiotic use required during probiotic and placebo treatment but did not specify
what it was treating (Chouraqui, 2008; Krasse, 2006). Haschke-Becher (2008) reported that one
child in a probiotic intervention and three children in control groups withdrew due to antibiotic
intake. One of the RCTs reported a gastrointestinal infection in the probiotics treatment group,
without identification of the causative organism (Mimura, 2004). In another study, one case of
perineal Candida was found in both arms and was treated with antibiotics (Millar, 1993). Niers
(2009) reported that three mother-child pairs out of each treatment group discontinued a trial on
prevention of allergic diseases due to use of antibiotics. Satokari (2001) reported that one control
group participant did not complete the study because of an antibiotic treatment (details not
reported). Sullivan (2003) reported that one participant in the probiotics group developed
diarrhea, with no causative organism confirmed and was later treated with antibiotics. Tursi
(2006 and 2008) reported that one case in a probiotics group was admitted to a hospital due to
acute bronchial pneumonia and treated with antibiotics.

Larsson (2008) reported that 10 participants received antibiotics for upper respiratory
infections or other reasons, at least 4 of whom were in the probiotic group. De Preter (2006)
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reported that 1 participant withdrew from a crossover trial comparing Saccharomyces boulardii
[cerevisiae], lactulose, and placebo intake but the group to which the participant was assigned
was not reported.

(1h) Do the studies describe methods for recovery of the administered
organism from either the gastrointestinal tract or serum?

To be included in the review, studies had to report an adverse patient health outcome; the
recovery of the administered organism alone was not a sufficient outcome to be eligible for
inclusion in the review. Nonetheless, a large number of included studies reported recovery of
Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and Bacillus in
the gastrointestinal tract, serum, mouth, or vagina. In most cases, the attempt to recover the
organism was used as an efficacy measure, an indicator of a successful intervention and quality
check that the organism was indeed consumed.

None of the case series, CCTs, or parallel or crossover RCTs reported an infection or other
significant clinical signs and the recovery of the administered organism. Some of the trials
reported that infections and/or the recovery of the administered organisms in the blood were
monitored but that no cases occurred. A description of the methods was not reported; however,
any suspected positive identification may have changed that.

Evidence From Controlled Trials

In total, 36 trials reported that sepsis, bacteremia or fungemia, infections, or blood cultures
were monitored to investigate associations with the administered organism as a safety
precaution.

A small number of trials reported explicitly on the absence of probiotics-associated sepsis,
bacteremia or fungemia. Alberda (2007) reported no cases of Lactobacillus-induced sepsis. Bin-
Nun (2005) reported no cases of sepsis due to administered probiotics (Bifidobacterium and
Streptococcus strains). Forestier (2008) reported no cases of Lactobacillus-related sepsis.
Jirapinyo (2002) reported no cases of sepsis due to Lactobacillus or Bifidobacterium. Kerac
(2009) reported no cases of probiotics-related sepsis (Lactobacillus, Leuconostoc, and
Pediococcus). Li (2004) reported no cases of sepsis due to Bifidobacterium. Lin (2005) reported
no cases of sepsis due to probiotics (Lactobacillus and Bifidobacterium). Lin (2008) reported no
cases of sepsis due to probiotics (Lactobacillus and Bifidobacterium). Manzoni (2006) reported
no cases of sepsis due to LGG. Millar (1993) reported no cases of sepsis or infections
attributable to LGG. Rouge (2009) reported no cases of sepsis due to Lactobacillus and
Bifidobacterium. Barraud (2010) reported no cases of bacteremia due to Lactobacillus.
Honeycutt (2007) reported no cases of Lactobacillus bacteremia. Morrow (2010) reported no
cases of Lactobacillus bacteremia. Song (2010) reported no cases of fungemia due to
Saccharomyces.

A small number of trials reported on the absence of probiotic-associated infections or signs
of infections. Allen (2010) reported no infections due to Lactobacillus or Bifidobacterium. The
PROPATRIA trial (Besselink, 2008) reported no infections caused by the administered
probiotics (Lactobacillus and Bifidobacterium strains). Frohmader (2010) reported no infections
due to probiotic strains (Lactobacillus, Bifidobacterium, and Streptococcus strains). Kotzampassi
(2006) reported no cases of infections due to Lactobacillus species contained in formula.
Lawrence (2005) reported no cases of Lactobacillus infections. Salminen (2004) reported no
cases of infections due to Lactobacillus. Awad (2010) reported no probiotic bacteria were found
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in blood (Lactobacillus). Osterlund (2007) reported no cases of Lactobacillus growth in blood.
Peral (2009) reported that the administered Lactobacillus organism was not recovered in
peripheral blood or wound samples. Samanta (2008) reported no blood cultures grew
Lactobacillus or Bifidobacterium. Wolf (1998) reported that all cultures for bacteria in blood
samples showed no growth after seven days of incubation (Lactobacillus).

Finally, some studies reported on the absence of infectious incidences without reference to
the administered probiotic. Anukam (2008) reported no cases of bacteremia (Lactobacillus and
Streptococcus strain intervention). Delia (2007) reported no cases of bacteremia or sepsis
(intervention with Lactobacillus, Bifidobacterium, and Streptococcus strains). Kianifar (2009)
reported no cases of bacteremia or fungemia (Lactobacillus and Bifidobacterium intervention).
Luoto (2010) reported no cases of sepsis (Lactobacillus and Bifidobacterium intervention).
Merenstein (2010) reported no cases of viral infections causing fever in the treatment group
(Lactobacillus and Streptococcus strains). Panigrahi (2008) reported no cases of sepsis
(Lactobacillus intervention). Reid (1992) reported no cases of superinfections (Lactobacillus
strains). Saint-Marc (2010) reported no cases of infections (Saccharomyces intervention).
Songisepp (2005) reported no infections (Lactobacillus intervention). Wada (2010) reported no
cases of bacteremia (Bifidobacterium intervention). Knight (2007) reviewed whether any deaths
in the samples were attributable to probiotic organisms and reported also on colonization of
Leuconostoc in tracheal aspirate which may indicate that they also looked for the administered
organisms. McFarland (1994) reported no cases of Staphylococcus sepsis, which may indicate
that they also looked for the administered organisms.

Evidence From Case Series

Of the case series, Luoto (2010) reported no cases of LGG sepsis. Mego (2005) reported that
the seven cases of bacteremia were mainly caused by coagulase-negative Staphylococcus and
concluded that no infection was induced by the tested strain (Enterococcus faecium M-74). In a
second study, Mego (2005) described a test for colonization of the gut by Enterococcus bacteria
and in addition stated that bacteremia or infection caused by the tested probiotic strain
(Enterococcus faecium M-74) was not found. Schneider (2005) described stool analyses and
reported that no fever or fungemia occurred but did not mention a specific test (Saccharomyces
boulardii [cerevisiae] intervention. Srinivasan (2006) explicitly stated that cultures did not show
a pathologic growth of Lactobacillus bacteria (in surface cultures or sterile body fluids).

Evidence From Case Studies

Most case studies reported the recovery of an organism that resembled the administered
probiotic strain (see Evidence Table C4, Results). The years of publication of the case studies
encompass almost 40 years, during which time methods of identification have evolved. In
several cases, there remained some doubt whether the recovered strain was identical to the
administered organism. In most publications, authors suspected that there was an association
rather than being able to show conclusively that the administered and the recovered organism
were identical.

Several case studies did not report on an identification method, used phenotypic
identification alone, or used other indicators such as the temporal closeness to the reaction
(Burkhardt, 2005; Cesaro, 2000; Cherifi, 2004; Force, 1995; Henry, 2004; Hwang, 2009; Jensen,
1976; Ku, 2006; Ledoux, 2006; Lestin, 2003; Lungarotti, 2003; Mackay, 1999; Munakata, 2010;
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Niault, 1999; Oh, 1979; Piechno, 2007; Pletinex, 1995; Rijnders, 2000; Spinosa, 2000; Tommasi,
2008; Trautmann, 2008; Viggiano, 1995; Zein, 2008; Zunic, 1991)

Other studies, in particular more recent ones, described a genetic fingerprinting approach to
match species or strains.

Lactobacillus. Conen (2009) reported that Lactobacillus rhamnosus species recovered from an
abscess were identical to the intervention species according to not further specified genetic
sequencing pattern and resistance testing. De Groote (2005) used sequencing of the ribosomal
operon region and strain typing of the isolates with pulsed field gel electrophoresis to show
identity of the intervention organism and the Lactobacillus rhamnosus blood stream isolates.
Kunz (2004) used PFGE to identify Lactobacillus GG from blood culture isolate in a case of
sepsis and intervention isolates. Land (2005) used repetitive element sequence-based polymerase
chain reaction DNA fingerprinting to match Lactobacillus GG isolates from bacteremia and
sepsis cases and the intervention isolate. Rautio (1999) used pulsed-field gel electrophoresis
(PFGE) to identify Lactobacillus rhamnosus species.

Presterl (2001) used randomly amplified polymorphic DNA polymerase chain reaction
(RAPD)-PCR assays to distinguish pathogens and the probiotic strain and concluded that the
Lactobacillus rhamnosus isolate causing endocarditis and septic arthritis was not identical with
the probiotic yogurt Lactobacillus rhamnosus isolate as initially suspected.

Bifidobacterium. Ohishi (2010) used polymerase chain reaction analysis and strain-specific
identification by a randomly amplified polymorphic DNA analysis to confirm the identity of
sepsis isolates and the Bifidobacterium breve BBG-01 intervention.

Saccharomyces. Bassetti (1998) used pulsed field gel electrophoresis (PFGE) to match
Saccharomyces cerevisiae species seen in fungemia with the intervention species. Fredenucci
(1998) used electrophoretic patterns and variations in DNA-band patterns to establish the identity
of the administered Saccharomyces boulardii [cerevisiae] organisms and fungemia isolates.
Hennequin (2000) used mitochondrial DNA patterns to compare fungemia isolates and
intervention Saccharomyces boulardii [cerevisiae] organisms. Lherm (2002) used a comparison
of the polymorphism of nuclear and mitochondrial DNA with 13 restriction enzymes from the
Saccharomyces boulardii [cerevisiae]) isolated in patients and the intervention. Lolis (2008)
used sequencing analysis on the DNA of the fungemia strain isolated as Saccharomyces
cerevisiae and the isolate obtained from the intervention product and reported 98 percent
correspondence. Munoz (2005) reported that Saccharomyces cerevisiae isolates were compared
in PCR fingerprinting profiles. Perapoch (2000) used molecular identification based on
mitochondrial DNA restriction analysis and chromosomal DNA profiles to show that
Saccharomyces cerevisiae isolates were identical. Piarroux (1999) used DNA sequences to
compare Saccharomyces boulardii [cerevisiae] isolates. Riquelme (2003) used PFGE clonality
banding patterns to match Saccharomyces cerevisiae isolates.

Streptococcus. No case studies associated with Streptococcus strains used as probiotics were
identified.

Enterococcus. No case studies associated with Enterococcus strains used as probiotics were
identified.
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Bacillus. Oggioni (1998) used randomly amplified polymorphic DNA technique for two Bacillus
subtilis strains.

Summary and Strength of Evidence Key Question 1

What is the evidence that the active (e.g., live or viable) and lyophilized forms of probiotics
(Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and Bacillus) as
single ingredients or in combination with other probiotics or prebiotics in all delivery vehicles
(and formulations) when used to cure, treat, mitigate or prevent a disease or reduce disease risk
are safe in the short term? Long term?

Volume: 387 studies

Risk of bias: Medium

The evidence to answer this Key Question stems from a variety of study designs and quality.
Although a large number of RCTs have been identified, the majority was not designed to
systematically assess safety outcomes.

Consistency: Inconsistent
The RCTs, CCTs, and case series show very different results from case studies.

Directness: Direct
The evidence base includes a large number of RCTs directly comparing intervention and
control group participants.

Precision: Imprecise

The majority of included studies use a moderate sample size; very few large studies have
been identified. The studies are not powered to detect differences in adverse event incidences.

The identified evidence is insufficient to answer the Key Question with confidence.

The current literature is not sufficient to allow statements on the safety of probiotics in
research studies if the term “probiotics” comprises the genera Lactobacillus, Bifidobacterium,
Saccharomyces, Streptococcus, Enterococcus, and Bacillus. The currently available literature
describes primarily Lactobacillus interventions, alone or in combination with other genera, most
often Bifidobacterium, and some interventions use Saccharomyces organisms. The available
literature includes only a few reports on the genera Streptococcus, Enterococcus, and Bacillus.
The absence of case reports of serious adverse events potentially caused by products containing
Streptococcus or Enterococcus strains cannot be used as an indicator that the risk of serious
adverse events is absent: the overall identified body of literature reporting on the presence and
absence of harms indicates absence of relevant literature. The microorganisms have not been
used in research studies, which may indicate less use in clinical practice.

Few studies indicated what adverse events were monitored. The clinical studies such as
controlled clinical trials, and parallel and crossover randomized controlled trials and
observational case series that reported on monitoring of adverse events listed gastrointestinal
adverse events such as diarrhea, vomiting, and constipation as explicitly monitored.

Individual outcomes that were often reported on were death, diarrhea, constipation, and
nausea, seemingly equally frequent across treatment arms. Individual outcomes such as mortality
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and allergy sensitization should be assessed in a risk-benefit analysis including the outcome
regardless of whether it was investigated as a safety concern or efficacy measure according to
reports of failed effectiveness.

We have identified a number of case studies reporting cases of fungemia and some
bacteremia cases that are likely to have been caused by the administered probiotic strain. The
number of cases is small considering the volume of the literature searched; however, the studies
indicate that probiotic strains can be associated with serious adverse events and that they can be
linked to the use of probiotic products. To quantify the risk, study designs other than case studies
are needed (e.g., RCTs). Even though the risk potential has been documented in the literature,
studies do not routinely state that they assessed the risk of infections caused by the administered
strain. None of the identified case series, CCTs, or crossover and parallel RCTs reported an
infection caused by the administered probiotic strain.

In the absence of a control group and multiple alternative explanations for the adverse events
reported in case series, it is not possible to attribute the events to the probiotics intervention.

Across RCTs, there was no evidence for a statistically significantly increased relative risk of
the quantity of adverse events for intervention participants compared to control based on two
alternative measures: the number of participants with adverse events per treatment arm (RR 0.98;
95% CI: 0.93, 1.04; p=0.537) and the number of adverse event incidences per treatment group
(RR 1.00; 95% CI: 0.93, 107; p=0.999) in short and medium followup studies.

The review did not identify comparative population surveillance studies that systematically
assessed safety. Very few publications were identified that reported on long-term effects of
probiotics use.

Key Question 2. What are characteristics and associations of the reported
harms in Question 1?

All 387 studies meeting criteria for full data abstraction were considered to answer Key
Question 2.

The overview presented at the beginning of this chapter and Key Question 1 show the
literature is incomplete with regard to the assessment of adverse events potentially associated
with probiotics interventions. The evaluation of the characteristics and associations is limited to
adverse events as currently reported in research studies.

(2a) What interactions between probiotics and medications are reported?

None of the included studies reported a formal interaction analysis for safety data. A number
of studies commented on interaction effects for efficacy outcomes, but none of the studies
investigated statistically whether medication leads to differential safety results

For the purpose of this review, we recorded whether participants in included studies used
antibiotics, corticosteroids, immune suppressants, dietary therapies, or other pertinent
cotreatments (e.g., chemotherapy) that might possibly influence the adverse events experienced
by participants. We found a large number of parallel RCTs where participants systematically
used additional treatments apart from the probiotics preparation under review. To address the
question of an interaction between probiotics and medications, we differentiated RCTs broadly
into those that reported a pertinent cotreatment and those that did not and added this factor to a
meta-regression predicting effect size. This analysis compares the risk ratio between intervention
and control group participants for studies with cotreatments and for studies without cotreatments,
and determines whether this difference in risk is statistically significant.
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Using the number of participants with adverse events, we found that the relative risk to
experience an adverse event for studies with cotreatments was slightly higher but not statistically
significantly different from studies without pertinent cotreatments (RR 1.12; 95% CI: 0.99, 1.26;
p=0.074). This interaction analysis is based on 106 RCTs for which data were available for
pooling. In total, 44 of these RCTs reported pertinent cotreatments. These numbers are based on
the number of participants experiencing an adverse event. Using the total number of events
across groups as a sensitivity analysis for the robustness of the result, we find a very similar
result: the relative risk for studies with cotreatments was 1.04 times higher than for studies
without cotreatments (95% CI: 0.90, 1.20; p=0.627), also indicating no evidence for a
statistically significant difference in the relative risk of probiotics for studies with and without
cotreatments. This interaction analysis is based on 195 studies; 86 included cotreatments.
Methodologically it is problematic trying to identify an interaction signal across studies rather
than having information that stems from within studies, so this result has to be interpreted with
caution.

It is noteworthy that the included case studies that reported harms such as fungemia and
bacteremia appear to be primarily in patients with multiple morbidities. Although the
concomitant medications were not explicitly listed in all studies, the underlying conditions make
it very likely that these patients were taking other medications (see Evidence Table C1, Study
and Participant Details in the appendix for a description of patients). Whether an interaction
between probiotics and medications contributed to the observed adverse events, and whether this
interaction exists independent of a possible interaction between the underlying condition and
probiotics cannot be determined in case studies.

Key Question 6 reports stratified analyses for the individual reported cotreatments.

(2b) What harms related to acquired antibiotic resistance and/or
transferability are reported?

We included reports of acquired antibiotic resistance as well as antifungal resistance, given
that the scope of the review included Saccharomyces strains. However, only studies reporting on
patient health outcomes were eligible for inclusion in the review; hence this Key Question
considered antibiotic or antifungal resistance and transferability incidences as a patient health
outcome with clinical significance. Reports of laboratory tests showing antibiotic or antifungal
resistance of microbial strains in isolation are outside the scope of the review.

None of the parallel or crossover RCTs, CCTs, or case series reported an incidence of
antibiotic resistance and/or transferability. With regard to monitoring antibiotic resistance or
transferability, one RCT (Reid, 1992) explicitly reported that none of the participants with
urinary tract infections in a Lactobacillus suppository intervention showed any evidence of
super-infection.

Antibiotic or antifungal resistance was addressed in six case reports. Conen (2009) report that
Lactobacillus rhamnosus strains recovered from an abscess were resistant to cephalosporin
classes I through IV and carbapenems but the patient improved with imipenem, clindamycin, and
fluconazole. Oggioni (1998) describe an immunocompromised patient with recurrent septicemia.
The patient’s condition deteriorated despite antibiotic therapy. Bacillus subtilis strains isolated
during fever episodes showed resistance to penicillin, erythromycin, rifampin, and novobiocin in
two samples. Ohishi (2010) describe a neonate with omphalocele who developed
Bifidobacterium septicemia. The isolated strain was susceptible in vitro to penicillin and
ampicillin sulbactam but not to meropenem or amikacin. Piechno (2007) described a case of
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fungemia in a cancer patient; one of the blood cultures showed the presence of Saccharomyces
boulardii [cerevisiae] and indicated resistance to amphotericin B and possibly fluconazole. The
patient recovered after a course of voriconazole. Trautmann (2008) reported on an intensive care
patient who developed fungemia and presented with fever after initial clinical improvement
while on fluconazole. The patient was able to leave the intensive care unit after administration of
caspofungin. Zein (2008) reported on a diabetic patient who developed Lactobacillus rhamnosus
septicemia; an antibiogram indicated resistance to nalidixic acid, vancomycin, and teicoplanin.
The patient recovered after amoxicillin treatment.

(2c) What is the nature of harms, and do these include only standard harms
or also harms that might be uniquely applicable to the use of a probiotic?

Key Question 1 addressed primarily the quantity of adverse events and specific harms that
were monitored and / or reported. The adverse events reported in the included studies were found
within many organ systems. To explore the nature of the adverse events, we used the CTCAE
system to differentiate adverse events and added an additional category, “other,” so that all harms
could be classified. The categorization system can be seen in Appendix B (data extraction form).

By far the most commonly reported incidence across all included studies was a
gastrointestinal symptom (category VI in the Evidence Table C4, Results), followed by the
category Infections and Infestations (category XI), and the “other” category (category XXVII).
The last category included deaths not further specified, unclear adverse events (e.g., “collapse,”
“general health problems”), and summary incidences (“ear, nose, throat symptoms”).

The graph shows the distribution of adverse events within the categories for all probiotic
intervention arms (up to three per study) across studies and study designs. For studies that
included a control group, frequencies are also shown. Figure 10 shows data from all included
studies, both controlled and uncontrolled.
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Figure 10. Adverse events per CTCAE category for participants using probiotics and control
participants (up to 3 probiotics intervention groups, 1 control group
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The categories VII (Gastrointestinal disorders), XI (Infections and infestations); and also
XXVII (Other) are the most common categories describing the observed adverse events. Some
encountered adverse events were included in categories X (Investigations), XX (Renal and
urinary disorders); XXII (Respiratory, thoracic and mediastinal disorders), and XXIII (Skin and
subcutaneous tissue disorders). The other categories (Blood and lymphatic system disorders;
Cardiac disorders; Congenital, familial and genetic disorders; Ear and labyrinth disorders;
Endocrine disorders; Eye disorders; General disorders and administration site conditions;
Hepatobiliary disorders; Immune system disorders; Injury, poisoning and procedural
complications; Metabolism and nutrition disorders; Musculoskeletal and connective tissue
disorders; Neoplasms benign, malignant and unspecified (including cysts and polyps); Nervous
system disorders; Pregnancy, puerperium and perinatal conditions; Psychiatric disorders;
Reproductive system and breast disorders; Social circumstances; Surgical and medical
procedures; and Vascular disorders) rarely described the reported adverse events.

The following sections report the risk of adverse events separately for each of the three
established domains (gastrointestinal, infections, and ‘other’). The “other’ category was analyzed
together with all other observed incidences, excluding only categories VII and XI.

Gastrointestinal Adverse Events

To investigate the relative risk for a gastrointestinal adverse event to occur, we pooled the
parallel RCTs that reported on the presence or the absence of these adverse events. The risk for
participants in probiotics intervention groups, relative to non-probiotics control group
participants, was 1.03 (95% CI: 0.89, 1.18, p=0.693) indicating that the probiotic interventions
were not associated with a statistically significantly increased risk of gastrointestinal adverse
events. Overall, there was no evidence across the included RCTs for a statistically significantly
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increased risk to experience a gastrointestinal symptom in the probiotic group compared to
another group from the same participant population with similar co-interventions and the
presence or absence of underlying diseases. The control groups either received a placebo, no
treatment, or the co-medication or infant formula without the probiotic supplement.

The analysis was based on 126 parallel RCTs. Studies comparing two probiotic or synbiotic
treatments were excluded from this analysis and only one probiotic group was selected per study
so that each study entered the meta-analysis only once (the main treatment group, most similar to
the control group apart from the probiotic addition). This analysis included 104 studies that use
Lactobacillus strains alone or in combination, indicating that Lactobacillus organisms were most
commonly used in the included RCTs. Figure 11 graphically represents individual and pooled
point estimates and 95% Cls obtained in included RCTs. Due to the large number of studies,
numerical estimates and study identifiers of individual RCTs could not be displayed.
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Figure 11. Graphical representation of the RR of the number of gastrointestinal adverse events
across RCTs
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The forest plot demonstrates that individual results differed across studies, sometimes
favoring the control group and sometimes the intervention group, with no clear trend in either
direction. Confidence intervals were wide in the large majority of studies, and very few
individual studies reported a statistically significant difference between intervention and control
group participants. The pooled risk difference between groups for gastrointestinal adverse events
was 0.006 (95% CI: -0.001 0.012, p=0.071). The small difference between intervention and
control group participant incidences was not statistically significant at the 5 percent level.

All individual study results are shown in the Evidence Table C4, Results. Stratified analyses
for individual genera, participant characteristics or other intervention characteristics are reported
in the following sections.

Infections and Infestations

We also pooled all incidences of infections and infestations (CTCAE category XI) across the
included 65 parallel RCTs that reported the presence or the absence of these adverse events. The
relative risk for individuals in probiotics groups, relative to a control, was 1.00 (95% CI: 0.87,
1.16, p=0.967). Across all included studies, genera, participant groups, and interventions, there
was no difference in the risk of experiencing infections and infestations.

Figure 12 graphically represents individual and pooled point estimates and 95% Cls obtained
in included studies. The numbering on the left hand side of the forest plot indicates the
investigated genus. The number 1 indicates that a Lactobacillus strain was part of the
intervention. In total, 39 percent of studies investigated blends and most often the blend included
a Lactobacillus strain. The number 2 indicates that Bifidobacterium was present without
Lactobacillus. Number 3 indicates that Saccharomyces organisms were present without
Lactobacillus and Bifidobacterium. The number 4 indicates that Streptococcus or Enterococcus
strains were present without Lactobacillus, Bifidobacterium, or Saccharomyces strains. The
number 6 indicates that the intervention included Bacillus strains, but no Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, or Enterococcus strains. Due to the large
number of studies, numerical estimates and study identifiers of individual RCTs could not be
displayed.
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Figure 12. Graphical representation of the RR of the number of infection and infestation adverse
events across RCTs
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The forest plot demonstrates that individual results differed across studies, sometimes
favoring the control group and sometimes the intervention group, with no clear trend in either
direction. Confidence intervals were wide in the large majority of studies, and no individual
study reported a statistically significant difference between intervention and control group
participants. Considering the absolute risk difference model, the risk difference across treatment
and control groups was not detectable (RD 0.000; 95% CI: -0.002, 0.002, p=0.918). There was
no indication that reported infections and infestations were more common in probiotics groups
compared to a comparable participant sample per group across all included parallel RCTs. All
individual study results are shown in the Evidence Table C4, Results. Stratified analyses for
individual genera, participant characteristics, or other intervention characteristics are reported in
the following sections.

Other Adverse Events

The relative risk for individuals in the intervention group compared to the controls was 1.01
(95% ClI: 0.91 1.12, p=0.923). In total, 131 RCTs were included in this analysis. The category
‘other’ contains all other adverse event incidences that were not categorized as gastrointestinal in
nature or part of the infections and infestations adverse event domain. This category included the
number of deaths, when the cause of death was not specified and attributed to a specific organ
system.

Figure 13 graphically represents individual and pooled point estimates and 95% Cls obtained
in included RCTs. In this analysis, the majority of included trials contributing data on other
adverse events (107/131) used a Lactobacillus strain alone or in combination with other genera.
Due to the large number of included studies, numerical estimates and study identifiers of
individual RCTs could not be displayed.
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Figure 13. Graphical representation of the RR of the number of other adverse events across RCTs
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The forest plot demonstrates that individual results differed across studies, sometimes
favoring the control group and sometimes the intervention group, with no clear trend in either
direction. Confidence intervals were wide in the large majority of studies, and very few
individual studies reported a statistically significant difference between intervention and control
group participants. The risk difference to experience any of the other adverse events (not
gastrointestinal or infections) across treatment groups relative to control was 0.001 (95% CI: -
0.003, 0.004; p=0.713). There was no indication that the adverse event incidences were more
frequent in a group using probiotic organisms.

All individual study results are shown in the Evidence Table C4, Results. Stratified analyses
for individual genera, participant characteristics or other intervention characteristics are reported
in the following sections. Evidence pertaining to serious adverse events is documented in Key
Question 5.

Unique Harms

Generally, the identified literature was not very specific with regard to the adverse events
that were monitored. The assessment and results evidence table shows, for example, that several
studies analyzed blood chemistry variables, but researchers rarely reported exactly what they
monitored, and none of the included studies highlighted incidences of unusual or unique results.

Harms unique to probiotics were primarily infections attributed to the administered organism.
Several case studies reported a DNA-based identification of strains (see section 1c). Of all other
included studies, only a few reported explicitly that infections, bacteremia, or sepsis incidences
could possibly be attributed to the administered probiotics strain (see response to Key Question
1h). In the studies that monitored the incidence of infection, none was observed to have been
caused by probiotic organisms. Some trials explicitly reported that no incidences of serious
infections occurred (see Evidence Table C4, Results). Other trials reported only the number of
incidences of sepsis as an adverse event, and it was not clear whether the administered probiotic
strain was considered as a possible cause of the infection.

The frequency of reported gastrointestinal symptoms in the existing literature is noteworthy;
however, neither the quantity nor the quality is unique to probiotics intake; similar symptoms in
a similar quantity were also encountered in control groups.

Summary and Strength of Evidence Key Question 2
What are characteristics and associations of the reported harms in Question 1?

Volume: 387 in total, but varied across subquestions and analyses

Risk of bias: Medium
The evidence to answer this Key Question stems from a variety of study designs and quality.

Consistency: Inconsistent
The RCTs, CCTs, and case series show different results from case studies.

Directness: Varies across subquestions
The evidence base includes a large number of RCTs.

Precision: Precise
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The majority of included studies use a moderate sample sizes but studies were pooled in a
meta-analysis.

The identified evidence is moderate to low with regard to being able to answer the Key
Question with confidence.

As described, the interventions and adverse events are not well documented and studies were
not designed to assess adverse events systematically. The majority of studies investigated
Lactobacillus interventions, alone or in combination with other genera, most often
Bifidobacterium. Studies rarely reported efforts to monitor adverse events specific to probiotic
products. Hence, evaluations of the safety might change with future, more targeted, assessment
of adverse events.

Across all included studies, by far the most commonly reported adverse events were
gastrointestinal in nature, followed by reported infections and infestations. The third most
common category was the “other” category for symptoms that could not be assigned to one of
the organ systems outlined in the applied CTCAE system. While the case studies primarily
reported infections suspected or confirmed to be caused by an administered probiotics strain, the
majority of other studies reported gastrointestinal incidences.

Across identified RCTs, there was no indication that participants using probiotic organisms
experienced statistically significantly more gastrointestinal adverse events, infections and
infestations, or other adverse events compared to control group participants. Individual
comparisons were based on a large number of RCTs.

There is a lack of individual studies assessing interaction effects of medication affecting
adverse events. An indirect comparison of RCTs in participants with pertinent co-medications
compared to studies not describing these comedications indicated a slightly increased, but not
statistically significantly different, relative risk ratio of adverse events between treatment and
control group participants.

We identified only a very small number of studies addressing acquired antibiotic resistance
as a patient outcome with clinical relevance. Evidence for potential harms came from case
studies in patients with multiple morbidities. Resistance was reported only to selected antibiotics.

Adverse events other than infections potentially caused by the administered probiotics strain
and unique to probiotics were not addressed in the literature. Evidence for infections came from
case studies; included trials did not report on this outcome and/or did not find any cases and did
not highlight adverse events unique to probiotics use.

Key Question 3. What is the evidence that harms of Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and
Bacillus differ by product and delivery characteristics?

Very few studies were identified that explicitly investigated the effects of a commercially
available food product (see Evidence Table C2, Intervention). The majority of identified studies
appeared to provide a probiotic intervention prepared especially for the particular research study
to investigate a beneficial health effect in participants with moderate health impairments.

Most included studies investigated Lactobacillus and/or Bifidobacterium preparations. In
particular there were few reports on the genera Enterococcus, and Bacillus.

The reporting of the interventions was insufficient. A large number of studies did not report
the strain that was investigated. The lack of reporting is a safety concern.
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(3a) What is the scientific evidence that harms differ by delivery vehicle
including excipients or novel delivery vehicles?

We extracted the investigated product name where reported in the publication. Different
products such as Actimel, Culturelle, Infloran, or Yakult were described. However, the majority
of studies did not state any product name and reported only the genus, such as Lactobacillus, that
was given to participants.

By far the most common delivery vehicle was a pill or capsule, used in 101 included studies
(see Evidence Table C2, Intervention). We also identified 29 studies of probiotic organisms in a
dairy drink (Arunachalam, 2000; Barrett, 2008; Beausoleil, 2007; Boge, 2009; Cobo Sanz, 2006;
Conen, 2009; Felley, 2001; Gotteland, 2003; Guillemard, 2010; Guyonnet, 2009; Hensgens,
1976; Ishikawa, 2003; Kajander, 2008; Merenstein, 2010; Newcomer, 1983; O'Mahony, 2005;
Rautio, 1999; Rio, 2002; Salminen, 2004; Seppo, 2003; Simren, 2010; Songisepp, 2005;
Spanhaak, 1998; Srinivasan, 2006; Sykora, 2005; Turchet, 2003; Wang, 2004; Yang, 2008).
Twenty-one studies used enriched yogurt (Anukam, 2008; Bajaj, 2008; Carlsson, 2009; de Roos,
1999; Fukuda, 2008; Higashikawa, 2010; Kajimoto, 2002; Kim, 2008; Manley, 2007; Martinez-
Canavate, 2009; Miyaji, 2006; Olivares, 2006; Parfenov, 2005; Parfenov, 2005; Presterl, 2001;
Sakamoto, 2001; Salminen, 1988; Sullivan, 2003; Tomoda, 1991; Wheeler, 1997; Xiao, 2003).
Among all identified studies, 29 added probiotic organisms to an infant formula (Bin-Nun, 2005;
Chouraqui, 2008; Chouraqui, 2004; Cooper, 2006; Correa, 2005; Dupont, 2010; Gibson, 2009;
Haschke-Becher, 2008; Kirjavainen, 2003; Langhendries, 1995; Lin, 2008; Maldonado, 2009;
Millar, 1993; Petschow, 2005; Puccio, 2007; Reuman, 1986; Ruiz-Palacios, 1996; Saavedra,
2004; Scalabrin, 2009; Stratiki, 2007; Urban, 2008; van der Aa, 2010; Vendt, 2006; Vlieger,
2009; Weizman, 2006; Weizman, 2005; Ziegler, 2003).

Other studies used less common delivery vehicles such as vaginal suppositories; powder,
often to be dissolved in water; chewing gum; drops; spray; or cultures on gauze pads as the
Evidence Table C2, Intervention shows. Where available, we extracted the information on the
delivery vehicle, such as whether the preparation was diluted with water or juice (Champagne,
2005) or mixed with breast milk (Lin, 2005). However, most studies did not describe exactly
how the preparation was taken and whether it varied across participants.

Only one study was identified that compared two different delivery vehicles directly
(Isolauri, 1991), that is, providing direct evidence on the effect of delivery vehicles. In this study,
a group of children given a Lactobacillus casei GG fermented milk product was compared to a
group of children using Lactobacillus GG as a lyophilized powder to promote recovery from
acute diarrhea. The study reported that on day one, 58 percent of children in the milk product
group vomited compared to 43 percent in the powder group; on day two, 21 percent versus 22
percent vomited; on day three, 0 versus 9 percent vomited, and after that, no more vomiting
occurred. One other study (Metts, 2003) randomized participants to vaginal suppositories of
Lactobacillus acidophilus, suppositories and oral capsules containing Lactobacillus and
Bifidobacterium strains, and placebo; one participant in the oral and vaginal suppository group
and one in the placebo group reported vaginal discharge. These individual study results do not
allow any conclusions regarding the effects of one delivery vehicle over the other.

Metaregression: Delivery Vehicle

In the absence of direct comparisons, we investigated the delivery vehicle further in a meta-
regression. A metaregression adding the factor “delivery vehicle” to a meta-analysis model
indicated that adverse events results differ by delivery vehicle based on the number of
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participants with adverse events (p=0.0157) as well as based on the number of adverse event
incidences (p=0.040). The risk ratio between probiotic group participants and control group
participants appeared to vary based on the chosen delivery vehicle. Hence, we investigated
individual delivery vehicle further in stratified analyses.

Pill/Capsule

First, we compared the relative risk seen in a probiotics group using a pill, capsule, or gelcap
compared to the risk of adverse events seen in a group across the included parallel RCTs. This
subgroup represents the majority of included studies, as this delivery vehicle was most
commonly used. We excluded all studies where the vehicle was described as a “tablet,” as it was
not clear from the original publication whether this was equivalent to a pill that was meant to be
swallowed or a chewable tablet or a tablet that dissolves in water, for example.

Compared to controls, participants in a probiotics group were not more likely to experience
adverse events, based on the number of participants with adverse events (RR 1.02; 95% CI: 0.92,
1.14; p=0.654; RD -0.001; 95% CI: -0.006, 0.004; p=0.746) or based on the number of adverse
event incidences (RR 0.94; 95% CI: 0.0.80, 1.1.10; p=0.439; RD -0.001; 95% CI: -0.009, 0.008;
p=0.888) in this subgroup of studies using pills, capsules, or gelcaps as the probiotics delivery
vehicle.

Exploring the nature of the reported adverse events across probiotics and control groups in
these studies, there was also no difference in gastrointestinal complaints (RR 1.02; 95% CI: 0.76,
1.36; p=0.898; RD 0.001; 95% CI: -0.007, 0.009; p=0.868), a trend but no statistically significant
effect for infections and infestations (RR 1.24; 95% CI: 0.92, 1.67; p=0.151; RD 0.001; 95% CI:
-0.004, 0.006; p=0.702), or for other adverse events (RR: 0.89; 95% CI: 0.72, 1.10; p=0.292; RD
-0.001; 95% CI: -0.013, 0.011; p=0.868).

Yogurt/Dairy

Secondly, we undertook a stratified analysis for studies that delivered the probiotic
organisms in a yogurt or dairy drink. It is conceivable that probiotic organisms react to the
delivery vehicle; hence participants in probiotics groups might have an increased risk of adverse
events in dairy or yogurt studies. Infant formulas were excluded from this analysis in order not to
add another confounder (all infant formula studies have infants as participants).

Compared to controls, participants in a probiotics group were not more likely to experience
adverse events, based on the number of participants with adverse events (RR 1.01; 95% CI: 0.90,
1.13; p=0.847; RD 0.001; 95% CI: -0.016, 0.017; p=0.921). However, based on the number of
adverse event incidences in the 24 studies that used this delivery vehicle and reported data, the
relative risk was 1.37 (95% CI: 1.05, 1.79; p=0.022), indicating that participants in the probiotics
groups experienced more adverse events than control group participants. The absolute risk
difference between studies was 0.023; it was not statistically significant (95% CI: -0.003, 0.049;
p=0.078).

Exploring the nature of the reported adverse events in this subgroup of studies across
probiotics and control groups, there was a trend for more gastrointestinal complaints (RR 1.30;
95% CI: 0.83, 2.04; p=0.245; RD 0.032; 95% CI: -0.006, 0.070; p=0.098), a trend for more
infections and infestations (RR 1.99; 95% CI: 0.51, 7.80; p=0.321; RD 0.004; 95% CI: -0.004,
0.011; p=0.307), and a trend for more “other” adverse events (RR: 1.81; 95% CI: 0.98, 2.32;
p=0.063; RD 0.003; 95% CI: -0.004, 0.011; p=0.388). However, none of the results showed a
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statistically significantly increased relative risk or absolute risk difference for adverse events in
dairy or yogurt studies comparing treatment to control group participants.

There were too few studies to investigate systematic differences between yogurt and dairy
studies or to differentiate less common delivery vehicles further in a meta-analysis. Infant
formula study results are presented in the response to Key Question 4d in the section on children.
Results of all individual studies are shown in the Evidence Table C4, Results.

Overall, there was an indication that safety results may differ by delivery vehicle. However,
given the type of analysis (an indirect analysis across studies), this result has to be regarded with
caution and cannot replace evidence from direct, within study comparisons. In addition, chosen
delivery vehicles can in part be confounded with participant characteristics (e.g. infant formula).

(3b) What is the scientific evidence that harms differ by genus, species,
and strain (including intraspecies strain variations)?

The interventions in the included studies were not well documented. In many cases it was not
reported what strains of organisms were used; only the genera, and sometimes, but not always
the species, were stated. To meet inclusion criteria for the review, studies had to report a specific
genus contained in the tested intervention.

Genus

The available research volume differs for the six investigated probiotic agents. A
Lactobacillus strain was part of the intervention in 215 (68 percent) of the included studies,
thereby being the most commonly studied genus. This number includes Lactobacillus strains not
explicitly used as a probiotic agent but included in the product, for example as a starter culture
for yogurt. Bifidobacterium was included in 32 percent of studies. Saccharomyces organisms
were investigated in 13 percent of studies. Streptococcus strains were included in 15 percent of
studies; this number includes studies investigating Streptococcus strains explicitly as probiotic
agents as well as other uses such as part of a yogurt starter culture. Enterococcus strains were
investigated in 16 studies only (5 percent of included studies). Preparations containing Bacillus
strains were investigated in 10 studies (3 percent).

With regard to direct comparisons of genera across the included controlled studies, only very
few studies were identified that directly compared the effects of two different genera within the
study. Cui (2004) compared Bacillus coagulans and Bifidobacterium longum in the treatment of
acute and chronic diarrhea and reported that body weight, body temperature, respiratory rate,
heart rate, blood pressure, routine blood tests, and liver and renal function were within normal
limits after treatment, and no adverse reactions were found. Dekker (2009) compared the safety
of Lactobacillus rhamnosus HNOO1 and Bifidobacterium animalis lactis HNO19 in a study of
infants with asthma, hay fever, or eczema and found a rate of 19.6 percent versus 18.5 percent of
hospitalizations in the two groups (17.6 percent for placebo) and found no statistically significant
differences in gastrointestinal adverse events (diarrhea, reflux, abdominal pain, or vomiting)
across groups. De Simone (2001) compared a commercial product containing Streptococcus
thermophilus, Bifidobacterium strains, Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus casei, Lactobacillus delbrueckii bulgaricus, and Streptococcus faecium to a
product containing Enterococcus faecium in the treatment of irritable bowel syndrome and found
no significant changes in blood counts and chemistry in the groups.

Margreiter (2006) compared a Lactobacillus gasseri and Bifidobacterium longum
intervention with Enterococcus faecium and reported no lab abnormalities in either group.
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O’Mahony (2005) found no changes in blood counts, serum chemistry, or serum
immunoglobulins across groups receiving Lactobacillus salivarius salivarius UCC4331,
Bifidobacterium infantis 35624, or placebo. There was one case each of epistaxis, unstable
angina, and chest pain due to anxiety, but the group was not specified. Weizman (2005) stated
that there was no difference between growth parameters, behavior, or stooling patterns, and there
was no difference in the incidence of bloody stools or hospitalization across a Bifidobacterium
lactis BB-12, Lactobacillus reuteri ATCC 55730, and placebo group.

Lactobacillus. Probiotic studies often used Lactobacillus strains in combination with other
genera, but we also identified a substantial number of studies using exclusively Lactobacillus
strains. The identified case studies describing harms potentially associated with this genus are
described in Key Question 1. To quantify risks, we compared participants in parallel RCTs
where one group received a Lactobacillus intervention and the other group received no or
nonprobiotic treatment. In parallel RCTs, the relative risk for intervention participants to
experience an adverse event was 0.98 (95% ClI: 0.87, 1.11; p=0.785) compared to the
nonprobiotic control group, based on all studies that used exclusively Lactobacillus strains and
reported the number of participants with adverse events. Figure 14 shows the risk differences
observed in individual RCTs.
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Figure 14. RR number of participants with adverse events Lactobacillus RCTs
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Individual study results varied, and there was no indication that the number of participants
with adverse events differed systematically between groups on a Lactobacillus strain
intervention and an equivalent group of control participants. The risk difference was -0.003 (95%
Cl: -0.014, 0.009; p=0.668). Using the alternative measure, the number of incidences per group,
the relative risk was 0.96 (95% CI: 0.88, 1.06; p=0.421) and the corresponding risk difference
was 0.002 (95% CI: -0.007, 0.011; p=0.746).

To explore the nature of adverse events experienced in Lactobacillus exclusive trials, we
differentiated gastrointestinal complaints, infections and infestations, and all other reported
adverse events. There was no statistically significant difference between intervention and control
group in their risk to experience any of the three different types of adverse events
(gastrointestinal events: RR 1.05; 95% CI: 0.83, 1.24; p=0.885; RD 0.007; 95% CI: -0.004,
0.018; p=0.206; infections and infestations: RR 1.09; 95% CI: 0.90, 1.31; p=0.374; RD -0.001
(95% CI: -0.004, 0.003; p=0.762; or other reported adverse events: RR 0.91; 95% CI: 0.80, 1.04;
p=0.182; RD -0.002; 95% CI: -0.008, 0.004; p=0.496).

We also investigated the genus Lactobacillus as a factor in a metaregression comparing
studies that used Lactobacillus strains (alone or in combination) with interventions that did not.
The relative risk ratio across studies did not indicate that the Lactobacillus genus was associated
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with a statistically significantly increased risk of adverse events compared to other genera based
on the number of participants with adverse events (relative risk ratio 1.08; 95% CI1 0.95, 1.22;
p=0.224). This result was confirmed by the alternative measure of adverse event incidences
(relative risk ratio 1.08; 95% CI: 0.89, 1.31; p=0.794).

Bifidobacterium. Probiotic studies often used Bifidobacterium strains in combination with other
genera, and we also identified a few studies using exclusively Bifidobacterium organisms. The
identified case study describing harms potentially associated with this genus is described in Key
Question 1. Selecting only parallel RCTs that used exclusively Bifidobacterium products, the
relative risk based on the number of participants with adverse events was 0.92 (95% CI: 0.82,
1.03; p=0.141) between groups. Figure 15 shows the estimated relative risk reported in each
included RCT.

Figure 15. RR number of participants with adverse events Bifidobacterium RCTs
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Individual study results varied, and there was no indication that the number of participants
with adverse events differed systematically between a group taking a Bifidobacterium strain and
an equivalent control group not taking probiotics. The equivalent risk difference was -0.006
(95% CI: -0.017, 0.004; p=0.228) across all included trials. Using the alternative measure, the
number of adverse event incidences, the relative risk was 0.90 (95% CI: -0.74, 1.10; p=0.302) for
intervention participants compared to control, with a corresponding risk difference of -0.005
(95% Cl:--0.0145, 0.004; p=0.289).

To explore the nature of adverse events experienced in exclusively Bifidobacterium trials, we
differentiated gastrointestinal complaints, infections and infestations, and all other reported
adverse events. There was no statistically significant difference between intervention and control
group in their risk to experience any of the three most common types of adverse events
(gastrointestinal events: RR 1.02; 95% CI: 0.55, 1.90; p=0.941; RD 0.003; 95% CI: -0.017,
0.024; p=0.752; infections and infestations: RR 0.75; 95% CI: 0.55, 1.02; p=0.067; RD -0.018;
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95% CI: -0.057, 0.021; p=0.366; or other reported adverse events: RR 1.22; 95% CI: 0.71, 2.09;
p=0.468; RD -004; 95% CI: -0.013, 0.006; p=0.463).

We also investigated the genus Bifidobacterium as a factor in a metaregression comparing
studies that used Bifidobacterium strains (alone or in combination) with interventions that did
not. The relative risk ratio across studies did not indicate that the Bifidobacterium genus was
associated with an increased or reduced risk of adverse events compared to other genera, based
on the number of participants with adverse events (relative risk ratio 1.04; 95% CI 0.93, 1.17,
p=0.700). This result was confirmed by the alternative measure of adverse event incidences
(relative risk ratio 1.11; 95% CI: 0.96, 1.28; p=0.794).

Saccharomyces. We identified a number of case studies describing harms potentially associated
with this genus; details are reported in the response to Key Question 1. Selecting only parallel
RCTs investigating exclusively Saccharomyces interventions, the relative risk of adverse events
in the intervention group was 1.00 (95% CI: 0.46, 2.18; p=0.993) compared to control and based
on the number of participants with adverse events. The forest plot in Figure 16 shows the results
of RCTs that were included in the analysis.

Figure 16. RR number of participants with adverse events Saccharomyces RCTs
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Individual study results varied: Some studies reported no adverse events in either group or an
equal number of events; there was no indication that the number of participants with adverse
events differed systematically between a group taking a Saccharomyces strain and an equivalent
control group not taking probiotics. The risk difference for intervention and control group
participants was not detectable (RD 0.000; 95% CI: -0.005, 0.005; p=0.890) in the
Saccharomyces trials. Using the alternative measure, the number of adverse event incidences per
treatment group, the relative risk was 1.15 (95% CI: 0.38, 3.52; p=0.802), also not statistically
significantly different from that of control group participants, and the corresponding risk
difference was -0.001 (95% CI: -0.025, 0.024; p=0.956).

To explore the nature of adverse events experienced in RCTs using exclusively
Saccharomyces organisms, we differentiated gastrointestinal complaints, infections and
infestations, and all other reported adverse events. There was no statistically significant
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difference between intervention and control groups in their risk to experience gastrointestinal
adverse events (RR 1.05; 95% CI: 0.25, 4.49; p=0.947; RD -0.002; 95% CI: -0.031, 0.027;
p=0.892). There was a trend for more infections and infestations in intervention participants
compared to control, but it was not statistically significant across the three studies that reported
on infections and infestations (RR 1.69; 95% CI: 0.21, 13.53; p=0.622), and the risk difference
was not detectable (RD 0.000; 95% CI -0.006, 0.006; p=0.919). There was also no statistically
significant difference for all other adverse events (RR 1.19; 95% CI: 0.23, 6.05; p=0.832; RD
0.005; 95% ClI: -0.047, 0.056; p=0.863)

We also investigated the genus Saccharomyces as a factor in a metaregression comparing
studies that used Saccharomyces strains (alone or in combination) with interventions that did not.
The relative risk ratio across studies did not indicate that the Saccharomyces genus was
associated with a statistically significantly increased risk of adverse events compared to other
genera, based on the number of participants with adverse events (relative risk ratio 1.08; 95% CI
0.51, 2.27; p=0.845). This result was confirmed by the alternative measure of adverse event
incidences (relative risk ratio 1.57; 95% CI: 0.77, 3.20; p=0.215).

Streptococcus. Very few studies were identified that studied exclusively Streptococcus strains.
Across the parallel RCTs using exclusively Streptococcus strains, the relative risk for adverse
events was 0.99 (95% ClI: 0.78, 1.25; p=0.907) in the intervention group, compared to an
equivalent control group. The forest plot in Figure 17 shows results obtained in individual RCTs.

Figure 17. RR number of participants with adverse events Streptococcus RCTs
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The analysis was based on only three RCTs, the individual study results varied, and there
was no indication that the number of participants with adverse events differed systematically
between groups taking Streptococcus and control group participants. The corresponding risk
difference in Streptococcus RCTs was -0.004 (95% ClI: -0.084, 0.076; p=0.528). Using the
alternative measure, the number of adverse event incidences, there was also no statistically
significant difference between intervention and control groups (RR 0.90 (95% CI: 0.45, 1.79;
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p=0.768; RD -0.014; 95% CI: -0.056, 0.029, p=0.532), this analysis is also based on only three
RCTs. The results of the individual studies are reported in the Evidence Table C4, Results.

We also investigated the genus Streptococcus as a factor in a metaregression comparing
studies that used Streptococcus strains (alone or in combination) with interventions that did not.
The relative risk ratio across studies did not indicate that the Streptococcus genus was associated
with an increased or reduced risk of adverse events compared to other genera, based on the
number of participants with adverse events (relative risk ratio 1.03; 95% CI1 0.91, 1.17; p=0.624).
However, the result using the alternative measure of adverse event incidences indicated that
intervention participants were at a greater risk of adverse events compared to other genera
(relative risk ratio 1.43; 95% CI: 1.09, 1.87; p=0.009).

Enterococcus. Few Enterococcus studies were identified. The relative risk seen in the
Enterococcus arm compared to control was 0.85 (95% CI: 0.47, 1.54; p=0.588) across all studies
that reported data. The forest plot in Figure 18 shows the individual results obtained in the
included RCTs.

Figure 18. RR number of participants with adverse events Enterococcus RCTs
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The analysis was based on only five RCTs, and most studies reported no adverse events or an
equal number of adverse events for participants using an Enterococcus product and control group
participants. The risk difference across Enterococcus treatment arms was -0.008 (95% CI: -
0.051, 0.036, p=0.733) in Enterococcus trials. Using the alternative measure, the number of
adverse event incidences, there was also no difference between intervention and control group
(RR 1.33; 95% CI: 0.43, 4.16; p=0.624; RD 0.002; 95% CI: -0.019, 0.023, p=0.833); this
analysis is based on six RCTs. The results of the individual studies are reported in the Evidence
Table C4, Results.

We also investigated the genus Enterococcus as a factor in a metaregression comparing
studies that used Enterococcus strains (alone or in combination) with interventions that did not.
The relative risk ratio across studies did not indicate that the Enterococcus genus was associated
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with a statistically significantly increased or reduced risk of adverse events compared to other
genera, based on the number of participants with adverse events (relative risk ratio 0.88; 95% CI
0.52, 1.51; p=0.507). This finding was confirmed by the alternative measure of adverse event
incidences (relative risk ratio 0.79; 95% CI 0.39, 1.60; p=0.507).

Bacillus. Few Bacillus studies were identified, as indicated in Figure 19. We included the study
described by La Rosa (2003), although the study originally described the investigated organism
as Lactobacillus coagulans. The relative risk for intervention participants exposed to Bacillus
organisms to experience an adverse event was 0.99 (95% ClI: 0.44, 2.22; p=0.973) compared to
control and based on the number of participants with adverse events.

Figure 19. RR number of participants with adverse events Bacillus RCTs
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The analysis was based on only three RCTs with an exclusive Bacillus intervention, and
individual study results varied. The corresponding risk difference in Bacillus RCTs was -0.014
(95% CI: -0.057, 0.029, p=0.529). The pooled number of adverse incidences could not be
computed, as only two studies reported the number of individual adverse event incidences for
both treatment groups. The only other study that investigated a Bacillus intervention (Cui, 2004)
found no adverse reactions in either the Bacillus coagulans group or the control group receiving
Bifidobacterium longum.

We also investigated the genus Bacillus as a factor in a metaregression comparing studies
that used Bacillus strains (alone or in combination) with interventions that did not. The relative
risk ratio across studies did not indicate that the Bacillus genus was associated with a statistically
significantly different risk of adverse events compared to other genera, based on the number of
participants with adverse events (relative risk ratio 0.94; 95% CI 0.44, 2.01; p=0.883). This result
was confirmed by the alternative measure of adverse event incidences (relative risk ratio 0.88
95% C10.27, 2.92; p=0.841).

The indirect comparison of genera across studies did not indicate genera-specific safety
results, with the exception of Streptococcus interventions: a metaregression based on the number
of adverse incidences indicated a different risk ratio for participant and control group participants
compared to other genera. However, this result was not confirmed based on the alternative
measure, the number of participants with adverse events; the risk difference between intervention
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and control groups was not statistically significantly different; and only few studies were
identified overall that used other genera than Lactobacillus and Bifidobacterium alone or in
combination. Finally, direct comparisons within studies are needed to answer this Key Question
with confidence. Figure 20 shows the relative risk ratio and confidence intervals for studies using
each genus, compared with all other RCTs using other genera in the probiotics interventions.

Figure 20. Comparison of adverse events across genera (RR log scale)
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The absence of case reports of serious adverse events potentially caused by Streptococcus or
Enterococcus (see Key Question 1c) can not be used as an indication that the risk of serious
adverse events is absent: The overall identified body of literature reporting on the presence and
absence of harms indicates absence of relevant literature. The strains have not been used in
research studies, which may indicate less use in clinical practice.

Species

We identified one study comparing different species within genera. Rosenfeldt (2003)
compared Lactobacillus rhamnosus plus Lactobacillus reuteri with another preparation
containing Lactobacillus casei alactus, Lactobacillus delbrueckii lactis, and Lactobacillus GG
ATCC 53103 and reported mild, transitory abdominal pain in two participants in the former
group (one participant in the placebo group reported abdominal pain and loose stools).

The case studies that used genetic fingerprinting methods to match administered and
recovered organisms identified species specified as Lactobacillus rhamnosus or LGG,
Bifidobacterium breve, Saccharomyces boulardii [cerevisiae], and Bacillus subtilis (see Key
Question 1).

Given the potentially unreliable identification of species actually used in the intervention
studies, the large number of blends, the differences in dosing, the absence of direct comparisons,
and the unsystematic assessment of adverse events across studies, it appears infeasible to draw
conclusions regarding species-specific safety in interventions studies.

Strains

We identified four studies comparing different probiotic strains. Chouraqui (2008) compared
Bifidobacterium longum BL999 plus Lactobacillus rhamnosus LPR with BL999 plus
Lactobacillus paracasei ST11 and found 7 incidences of noteworthy adverse events in the first
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group (1 diarrhea, 1 surgery, 3 bronchiolitis, 2 inguinal hernia; n=70) and 4 in the second group
(2 vomiting, 1 pyelonephritis, 1 bronchiolitis; n=74). Gracheva (1999) reported one incident of
abdominal pain in a group given Bifidobacterium bifidum forte to treat acute intestinal infections,
chronic diseases of the gastrointestinal tract, and viral hepatitis B (the participant withdrew) but
no incidence in another Bifidobacterium bifidum treatment group. The exact strains were not
reported. Higashikawa (2010) compared yogurt containing Lactobacillus plantarum SN35N with
yogurt containing Lactobacillus plantarum SN13T and reported no abnormal changes in
urinalysis or in serum biochemical parameters in either group. Krasse (2005) compared 2
Lactobacillus reuteri strains (both of human origin but not named) and reported that 1/20
participants in one of the groups experienced increased bowel movement.

Some included studies compared groups consuming a yogurt product enriched with probiotic
organisms to a control group consuming ordinary yogurt, and the results are documented in the
evidence tables, but other comparisons of probiotic species were not found.

No other studies made direct comparisons between probiotic products or compared mixtures
of genera, species, or strains that would allow insight into the differential adverse event rates of
individual species or individual strains. Based on the extremely limited number of studies that
directly compared adverse events between probiotic organisms of different species or strains, it is
not possible to draw any conclusions regarding the comparative safety of species or strains. Few
studies employed a single species or strain; few studies characterized or verified the exact strain
used; and given that microbial strains also mutate relatively quickly, the potential for attributing
a particular event to a particular strain, let alone comparing events attributed to particular strains,
is limited.

(3c) What is the scientific evidence that harms differ between active and
lyophilized forms of probiotics?

In many studies, the form of the probiotic organism was not described, as can be seen in the
Evidence Table C2, Intervention. We identified 10 studies that compared adverse events between
forms of organisms, but these were comparisons of viable and heat-killed strains rather than
comparisons between active and lyophilized forms.

The direct comparisons did not indicate that adverse events were restricted to or more
common in viable preparations.

Alberda (2007) compared viable probiotic strains (Lactobacillus, Bifidobacterium,
Streptococcus strains) with bacterial sonicates and reported one case of bowel obstruction and
one congestive heart failure death in the viable treatment group. There was one death due to
respiratory failure in the sonicates group and one myocardial infarction in the placebo groups.
No cases of Lactobacillus induced sepsis occurred in this group of critically ill patients. Awad
(2010) compared living and heat-killed LGG preparations to reduce sepsis and necrotizing
enterocolitis in neonates and reported 14 deaths in the heat-killed arm compared to 5 deaths in
the viable intervention arm. No cases of probiotic bacteria in blood samples were observed.
Horvat (2010) reported one mild wound infection with secretion in the heat-killed group of a
synbiotic intervention containing Lactobacillus, Pediococcus, and Leuconostoc strains. Isolauri
(1991) compared a Lactobacillus casei GG fermented milk product with Lactobacillus GG as a
freeze-dried powder (as described in section 3a, delivery vehicles) and reported no significant
difference in vomiting across groups of children recovering from diarrhea. Kirjavainen (2003)
randomized infants with atopic eczema and cow’s milk allergy to placebo, viable Lactobacillus
GG, or heat-killed Lactobacillus GG. The study was prematurely terminated due to complaints
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of adverse gastrointestinal symptoms in the heat-killed group. In total, 5/13 children in the heat-
killed LGG group reported diarrhea, while none in the viable group or the placebo group
reported any adverse events (p=0.05). Merenstein (2009) reported one incidence of emesis in the
active and one incidence of constipation in the heat-killed group. Rampengan (2010) compared a
live and a heat-killed Lactobacillus preparation and reported four versus three adverse events
(respiratory or bowel symptoms) in the respective groups. Rayes (2002) compared active and
heat-killed Lactobacillus plantarum 299 strains and found 6/31 abdominal side effects in the
active group, 11/31 in the heat-killed group and 8/32 in the not enriched enteral nutrition formula
group in liver transplant recipients. In a study on patients with major abdominal surgery, Rayes
(2002) reported three incidences of abdominal distention, four of abdominal cramps, and zero of
diarrhea in the active Lactobacillus plantarum 299 group compared to six, five, and zero events
in the heat-killed group; the corresponding control group incidences were four, six, and zero.
Tsuchiya (2004) compared a synbiotic with (presumably) active Lactobacillus and
Bifidobacterium strains with a similar heat-killed preparation and found no overt clinical or
biochemical adverse side effects, but “a few” of the irritable bowel syndrome participants
presented initially with transient diarrhea-like symptoms (group unclear). Xiao (2003) compared
lyophilized and heat-killed Lactobacillus acidophilus to an active strain and found three cases of
vomiting in the active group compared to one case in the heat-killed group. There was one case
of constipation and one case of insomnia in the heat-killed group.

The authors’ descriptions of the investigated organisms varied to such an extent in the
included studies that the data do not seem suitable for an analysis across trials using
metaregression or subgroup analyses. In particular, the description of “active” may have been
used interchangeably with “viable” rather than explicitly differentiating active and lyophilized
forms. Very few studies indicated that they independently tested the content of the preparation
given to participants, either for contaminants or for the viability of the included organisms at the
time of the intervention.

(3d) Does harm differ by products containing a single probiotic versus a
mixture of probiotics?

The Evidence Table C4, Results lists the organisms that constituted the intervention for easy
reference. Overall, 60 percent of the included studies investigated the effect of only one genus
believed to have probiotic properties, while 40 percent investigated the effect of a mixture of
organisms, for example using a product that contained Lactobacillus and Bifidobacterium strains.

Only two studies were identified that compared a single probiotic with a mixture of probiotic
organisms directly. As described previously, De Simone (2001) compared a commercial product
including several Streptococcus, Bifidobacterium, and Lactobacillus strains to treatment with
Enterococcus faecium and found no significant changes in blood counts and chemistry across
groups. Margreiter (2006) compared results of Lactobacillus gasseri plus Bifidobacterium
longum treatment with the results of a group receiving Enterococcus faecium and reported no
adverse events or clinically relevant abnormalities in laboratory characteristics. One other study
(Metts, 2003) randomized participants to vaginal suppositories of Lactobacillus acidophilus,
suppositories and oral capsules containing Lactobacillus and Bifidobacterium strains, and
placebo; one participant in the oral and vaginal suppository group and one in the placebo group
reported vaginal discharge. Kim (2006) compared interventions with 5, 6, and 12 probiotic
species and reported that one participant with pre-existing hypertension had elevated blood
pressure, loose stool, diarrhea, and dehydration in the 12-species treatment group, one participant
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each in the 5- and the 6-species groups reported loose stool, diarrhea, and worsening of
gastrointestinal symptoms.

In the absence of further direct comparisons, we compared the included trials indirectly in
subgroup analyses and a metaregression.

Single Probiotic Strain Interventions

A stratified analysis for studies using only one probiotic strain indicated a somewhat reduced,
although not statistically significant, relative risk of adverse events compared to control (0.94;
95% CI: 0.86, 1.03; p=0.171) based on the number of participants with adverse events. The
corresponding risk difference between intervention and control group participants was -0.001
(95% CI: -0.006, 0.003; p=0.557). Using the alternative measure, the number of adverse event
incidences showed a similar result, a relative risk of 0.98 for probiotic intervention participants
(95% CI: 0.89, 1.07; p=0.600; RD -0.001; 95% CI: -0.005, 0.003; p=0.748).

We also explored the nature of the adverse events encountered in single-strain studies and
found no statistically significant differences in the relative or absolute risk for any of the adverse
event groups (gastrointestinal events: RR 1.00; 95% CI: 0.82, 1.22; p=0.988; RD 0.003; 95% ClI:
-0.004, 0.009; p=0.434; infections and infestations: RR 1.07; 95% CI: 0.80, 1.44; p=0.828; RD
0.000; 95% CI: -0.003, 0.003; p=0.790; all other events: RR 1.03; 95% CI: 0.89, 1.18; p=0.708;
RD 0.002; 95% ClI: -0.002, 0.006; p=0.335) when comparing intervention and control group
participants.

Multiple Probiotic Strains Interventions

Across studies with multiple probiotic strains, the relative risk for the number of participants
with adverse events was slightly higher compared to the result observed for single probiotic
strains but it was not different from the risk for control group participants (RR 1.01; 95% CI:
0.94, 1.09; p=0.729), the corresponding risk difference was -0.001 (95% CI: -0.010, 0.008;
p=0.79). Similar results were seen using the alternative measure, the number of adverse
incidences (RR 1.06; 95% CI: 0.94, 1.20; p=0.317; RD 0.006; 95% CI: -0.001, 0.013; p=0.106).
Both types of intervention showed no statistically significantly increased risk of adverse events
compared to control; however, results appeared to favor single-strain interventions compared to
interventions including multiple probiotic strains.

We also explored the nature of the adverse events encountered in multiple strain studies but
found no statistically significant differences in the relative or absolute risk for any of the adverse
event groups (gastrointestinal events: RR 1.06; 95% CI: 0.86, 1.30; p=0.571; RD 0.003; 95% ClI:
-0.-003, 0.009; p=0.317; infections and infestations: RR 0.98; 95% CI: 0.84, 1.15; p=0.828; RD -
0.001; 95% CI: -0.005, 0.004; p=0.790; all other events: RR 0.97; 95% CI: 0.82, 1.15; p=0.746;
RD -0.002 (95% CI: -0.007, 0.004; p=0.536) when comparing intervention and control group
participants.

Meta-Regression: Single Versus Multiple Probiotics

To find out whether the risk for adverse events was significantly different between these two
kinds of interventions, we conducted a meta-regression. The metaregression did not indicate a
statistically significant difference for the risk of adverse events between single and multiple
strain interventions (relative risk ratio 0.93; 95% CI: 0.82, 1.04; p=0.205).
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(3e) Does harm differ by products containing only probiotics and those
containing a mixture of probiotics and prebiotics?

A number of studies were identified that investigated a synbiotic product; that is containing a
probiotic as well as a prebiotic, or explicitly gave probiotic organisms together with prebiotics.

Some studies were identified that compared the effects of probiotics and synbiotics directly.
Satokari (2001) and also Alander (2001) reported one incident of gastrointestinal symptoms and
one participant not completing the study in the prebiotic treatment group (galacto-
oligosaccharide), and no adverse events in the probiotic group or the group consuming probiotics
and prebiotics (as described in the response to Key Question 1f). Chouraqui (2008) reported 7/70
adverse event incidences in a group receiving Bifidobacterium longum, Lactobacillus
rhamnosus, and galacto-oligosaccharide; 4/74 incidences in a second group receiving
Bifidobacterium longum, Lactobacillus paracasei, and prebiotics; 11/70 incidences in the
probiotics group; and 7/70 in a control group (for event details see Evidence Table C4, Results).
De Preter (2006) compared Saccharomyces boulardii [cerevisiae], lactulose, and placebo in
various sequences and reported that “some” participants experienced flatulence in the lactulose
and placebo phases. Fujimori (2009) reported no adverse events related to blood counts, liver
enzymes, total protein, albumin, total cholesterol, triacylglycerol, serum urea nitrogen,
creatinine, and electrolytes across groups receiving probiotic organisms (Bifidobacterium
longum), prebiotics (psylium), or synbiotics (both preparations). Ishikawa (2005) reported the
deaths of two participants who died from colorectal cancer in a probiotic group during a 4-year
study on prevention of colorectal tumors compared to one death from colorectal cancer in the
group that consumed probiotics and wheat bran biscuits; in addition, one participant in this group
died from cerebral hemorrhage, and one reported peritonitis, but no lung cancer death occurred
in either group. Tomoda (1991) reported no changes in blood chemistry in treatment groups
receiving a Bifidobacterium intervention with or without lactulose. Underwood (2009) reported
four cases of necrotizing enterocolitis, six infections, and three cases of feeding intolerance in the
probiotics group compared to one, two, and zero incidences of the same outcome in the synbiotic
group. Worthley (2009) reported that 11/18 participants in the synbiotic group reported excessive
flatus compared to 5/19 in the probiotic group.

In the absence of further direct comparisons we investigated differences between probiotics
and synbiotics in subgroup analyses and a metaregression.

Probiotics Only

Probiotic studies showed a relative risk of 0.98 (95% CI: 0.92, 1.04; p=0.446) for the number
of participants with adverse events, comparing probiotics and control groups, and a risk
difference of -0.001 (95% CI: -0.05, 0.004; p=0.681). Using the number of incidences per group
as an alternative measure, no significant difference between probiotics and control groups are
shown either (RR 1.01; 95% CI: 0.93, 1.09; p=0.879; RD 0000; 95% CI: -0.003, 0.003;
p=0.916).

We also explored the nature of the adverse events encountered in all studies that used a
probiotic rather than a synbiotic and found no differences in the relative or absolute risk for any
of the adverse event groups, comparing intervention and control group participants
(gastrointestinal events: RR 1.04; 95% CI: 0.88, 1.22; p=0.678; RD 0.001; 95% CI: -0.003,
0.005; p=0.545; infections and infestations: RR 1.04; 95% CI: 0.89, 1.22; p=0.618; RD 0.000;
95% CI: -0.003, 0.003 p=0.810; all other events: RR 1.01; 95% CI: 0.89, 1.14; p=0.901; RD
0.001; 95% ClI: -0.003, 0.004; p=0.774).
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Synbiotics Only

Selecting only synbiotic studies, that is, studies that explicitly gave a product that contained
prebiotics as well as probiotics, or studies that gave probiotics together with prebiotics, we found
a slightly higher risk of adverse events than seen in the probiotics-only studies (RR 1.08; 95%
Cl: 0.83, 1.39; p=0.582; RD 0.001; 95% CI: -0.013, 0.015; p=0.880) but no statistical difference
between intervention and control group participants, based on the number of participants with
adverse events. This result was confirmed using the alternative measure, the number of adverse
event incidences (RR 1.05; 95% CI: 0.84, 1.32; p=0.670; RD 0.017; 95% CI: -0.004, 0.037;
p=0.108).

We also explored the nature of the adverse events encountered in studies using synbiotics and
found no statistically significant differences in the relative or absolute risk for any of the adverse
event groups (gastrointestinal events: RR 1.01; 95% CI: 0.76, 1.34; p=0.947; RD 0.008; 95% ClI:
-0.004, 0.019; p=0.202; infections and infestations: RR 0.85; 95% CI: 0.61, 1.17; p=0.324; RD
0.001; 95% CI: -0.004, 0.005; p=0.748); all other events: RR 1.00; 95% CI: 0.82, 1.21; p=0.972;
RD 0.001; 95% CI: -0.005, 0.006; p=0.824) comparing intervention and control group
participants.

Meta-Regression: Probiotics Versus Synbiotics

To establish whether the results seen in probiotics only and synbiotics studies differ
statistically significantly, a metaregression was undertaken. This analysis indicated no
statistically significant difference in the number of adverse events (RR ratio 1.10; 95% CI: 0.84,
1.44; p=0.480 for number of participants with adverse events and 1.01; 95% CI: 0.93, 1.09;
p=0.879 for adverse event incidences).

Summary and Strength of Evidence Key Question 3

What is the evidence that harms of Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and Bacillus differ by product and delivery characteristics?

Volume: Varied across questions

Risk of bias: Medium
The evidence to answer this Key Question stem from a variety of study designs and quality.

Consistency: Inconsistent
Very few studies overall were identified that directly compared delivery characteristics.
Indirect comparisons showed only trends in replications rather than confirming exact results.

Directness: Indirect
Very few direct comparisons were identified; the majority of comparisons were indirect,
across different RCTSs.

Precision: Imprecise

The majority of included studies used small or moderate sample sizes and although some
large studies were included, these were not designed to monitor adverse events.

Overall, the identified evidence is insufficient to answer the Key Question with confidence.
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The lack of detail in the description of administered probiotic organisms in most studies
hindered evaluations of the safety. Many studies did not specify which probiotic strains were
investigated, nor was there indication that intervention preparations were tested for identity of
the included organisms, viability, or contaminants.

Stratified analyses by probiotic genus identified a large number of studies exclusively using
Lactobacillus strains; about a dozen studies on Bifidobacterium entered stratified analyses; and
there were a small number of exclusive Saccharomyces interventions. However, there were very
few studies using Streptococcus, Enterococcus, and Bacillus strains exclusively, and only some
studies using these genera in combination with other genera. Due to the absence of studies on the
latter group, there is an insufficient evidence base to answer product-specific safety questions.
However, even for Lactobacillus, Bifidobacterium, and Saccharomyces research, there is a lack
of direct comparisons between genera; information on the genera-specific safety of probiotics is
primarily based on indirect comparisons.

Stratified analyses indicated that adverse events were not statistically significantly increased
in treatment participants compared to control group participants for any of the reviewed genera.
In indirect comparisons, there was some indication that interventions including Streptococcus
strains showed more adverse events compared to the other genera, but as outlined before, the risk
for intervention participants relative to control group participants was also not increased in these
interventions.

There is a lack of studies directly comparing product characteristics. There was some
indication across studies that safety findings may differ by delivery vehicle. Intervention
participants in yogurt or dairy product studies were more likely to experience adverse event
incidences than control group participants in subgroup analyses (RR 1.37; 95% CI: 1.05, 1.79;
p=0.022). However, studies directly comparing delivery vehicles are missing.

The only included studies that compared the form of probiotic organisms directly compared
viable and heat-killed organisms. Heat-killed organisms are not included in prominent definitions
of probiotics; hence, this comparison is of minor interest. There was no indication that active
forms were associated with a higher number of adverse events. The reporting of the form of
organisms was too poor in included studies to allow a systematic investigation of the influence of
the form.

There was a trend of single probiotic studies to report fewer adverse events compared to
studies using a mixture of organisms; however, this finding was based on an indirect comparison
across studies, in the absence of direct comparisons, and the difference did not reach statistical
significance.

We did not identify evidence showing that synbiotics differ from probiotics with respect to
adverse events; however, there is a lack of direct comparisons.

Key Question 4. How do the harms of Lactobacillus, Bifidobacterium,
Saccharomyces, Streptococcus, Enterococcus, and Bacillus vary based on
(a) dose (cfu); (b) timing; (c) mode of administration (e.g., catheter); (d) age
(all ages, including infants), gender, ethnicity, disease or immunologic
status of the patient; (e) relationship to efficacy?

Although a large number of probiotics studies are included in the review, the identified

studies rarely addressed more complex questions such as associations of participant or study
characteristics and adverse events, which should be investigated with appropriate multivariate
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methods. The number of studies contributing to answer the Key Questions varied across
subquestions.

(4a) Is there a threshold or dose-response relationship between probiotics
and harm? Does the duration of intervention relate to harm?

Threshold/Dose Response
Few studies were identified that compared different doses of a probiotic product. We
considered the daily dose, rather than the length of exposure, for this question.

Lactobacillus. In the controlled trials, most studies investigated effects of Lactobacillus dosing.
Basu (2009) compared two doses of 10*° and 10* cfu of LGG powder among children with acute
watery diarrhea and recorded that five children in the higher dose group dropped out due to
electrolyte imbalance (compared with three in the lower dose group); three developed septicemia
(compared with one in the low-dose group); one death occurred in the control group (compared
with none in the treatment groups). Gao (2010) compared doses using 1 or 2 capsules containing
50 billion cfu Lactobacillus acidophilus and Lactobacillus casei and reported 1 case of fever in
the higher dose group that was not study-related according to the authors, and 1 incidence of
hematochezia in the control group. Hemmerling (2009) randomized participants to 5 * 108, 10°,
2 * 10° cfu of Lactobacillus crispatus CTV-05 organisms or placebo, and reported that all
participants experienced at least 1 of 45 adverse events without any apparent pattern associated
with treatment arms. Ishikawa (2003) compared a dose of 2 * 107 versus 10° cfu of Lactobacillus
salivarius, Lactobacillus acidophilus and Lactobacillus rhamnosus GG and reported that 2
participants withdrew due to soft stools and abdominal discomfort, but it was not reported to
which group these participants had been allocated. Karvonen (2001) compared Lactobacillus
reuteri in doses of 10°, 107, and 10° cfu and concluded that abdominal symptoms (days with
discomfort, pain, or cramps) were similar across groups of neonates. Lu (2004) compared what
they characterized as a low (1.5 * 10° cfu), medium (2.7 * 10° cfu), and high (4 * 10® cfu) dose
of Lactobacillus rhamnosus given to participants and reported no episodes of vomiting, diarrhea,
constipation, abdominal pain, cough, or other allergic reaction. Nobuta (2009) randomized
participants to 3 * 10°, 6 * 10°, 10™°, or 3 * 10 cfu Lactobacillus brevis KB290 or placebo and
reported that 1 participant in the first group reported abdominal pain, 1 participant in the second
group reported a cold, and 1 participant in the group with the highest dose reported abdominal
pain and diarrhea. Petschow (2005) compared a low (10° cfu), medium (10” cfu) and high (10
cfu) dose of LGG and found that stool consistency, flatulence, and fussiness were similar among
groups. Tursi (2008) randomized participants to various doses of Lactobacillus casei casei DG
and reported 2 incidences of epigastric pain, 1 nausea, 1 diarrhea, but the group allocation was
unclear; 1 participant in the 1.6 * 10" group developed acute bronchial pneumonia.

Bifidobacterium (alone or in combination). Gill (2001) compared Bifidobacterium lactis HN019
given in a dose of 5 * 10'° or 5 * 10° cfu and 1 participant in the lower dose reported digestive
discomfort. Guyonnet (2009) compared a group eating 1 pot of a commercially available
probiotic yogurt versus 2 pots of yogurt (each containing 1.25 * 10™° cfu Bifidobacterium lactis
DN-173010 and yogurt cultures (1.2 * 10° Streptococcus thermophilus and Lactobacillus
bulgaricus) and reported no adverse effects on digestive comfort. Larsen (2006) compared doses
of 10, 10°, 10, and 10" cfu of Bifidobacterium animalis lactis BB-12 and Lactobacillus
paracasei paracasei CRL-431 and reported 1 case of diarrhea in the 10™° group and that across
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all groups, 68 percent of participants reported flatulence, 37 percent of abdominal bloating, and
22 percent of headache. Ruiz-Palacios (1996) compared a low (10° cfu), medium (10° cfu), and
high dose (10" cfu) of a probiotic blend containing Lactobacillus reuteri, Lactobacillus
acidophilus, and Bifidobacterium infantis and reported that intake, incidence of vomiting,
abdominal discomfort, gas, and stool characteristics were not statistically significantly different
across groups. Saavedra (2004) compared a dose of 10° and 10’ cfu of Bifidobacterium, lactis,
Bb 12 and Streptococcus thermophilus and reported that 3 infants in the higher dose treatment
group withdrew due to a viral rash, loose stools, or vomiting.

Saccharomyces. De Preter (2006) randomized participants to various groups and treatment
periods receiving 2 or 4 times 250mg of Saccharomyces boulardii [cerevisiae] and reported that
some participants reported flatulence during prebiotic intake (but not during probiotic intake).

A case series (Elmer, 1995) described a group of participants that used a Saccharomyces
boulardii [cerevisiae] product in increasing doses required to achieve a satisfactory response; the
study reported that 1/7 participants reported intestinal gas (dose unknown).

Streptococcus and Enterococcus. Borgia (1982) compared treatment groups received one, two, or
three capsules of Streptococcus [Enterococcus] faecium SF68 or control interventions in a trial
to prevent side effects of antibiotic treatment and reported two cardiovascular deaths, but it was
not clear to which treatment group these participants had been allocated. Other blends including
these genera are described in the Bifidobacterium section.

Bacillus (alone or in combination): No controlled trial was identified that compared different
doses of Bacillus.

In a case series, Garrido (2005) administered 100mL of a product containing 10° cfu/ml of
Lactobacillus and Bacillus strains daily for 1 week, increasing the dose to 200 mL during the
second week, and 500mL during the third week. They reported mild increases of borborygmi
during the last week.

Overall, no threshold effect or trend was identified indicating that a higher dose was
associated with a larger number of reported adverse events. However, comparing the exposure
across studies, it is apparent that there is no accepted standard of what is considered a low or
high dose of exposure. The high dose in one comparative study is the low dose in another.
Dosing depended in part on the publication year, with later publications using higher doses, and
the dose characteristics are also likely to be genera or species dependent, precluding systematic
analyses. In addition, many studies used a mixture of organisms, confounding potentially
existing effects of dose-response relationships for specific genera, species, or strains.

Intervention Duration

Many of the included studies used intervention periods of short duration, often only 1 week.
For analysis purposes, we characterized short-term use as 1 month or less and long-term use as 1
year or more. In total, 46 percent of studies reported intervention periods of 1 month or less.
Only 5 percent of all identified studies reported on long-term use of probiotic products. In the
remaining studies (49 percent), participants used probiotics for longer than 1 month but less than
1 year (medium-term use), or in rare cases, it could not be established how long the study
product was used. The exact reported intervention duration is shown for each study in Evidence
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Table C2, Intervention. We undertook stratified analyses and metaregression to explore whether
the intervention duration is associated with encountered adverse events.

Short-term use. The relative risk of adverse events across all short-term studies was 1.02 (95%
Cl: 0.89, 1.17; p=0.780), with no detectable risk differences between treatment and control
groups (RD 0.000; 95% CI: -0.005, 0.004; p=0.866) based on the number of participants with
adverse events. Using the alternative measure, the number of adverse event incidences, results
were very similar (RR 1.12; 95% CI: 0.96, 1.31; p=0.138; RD 0.008; 95% CI: -0.002, 0.017;
p=0.132).

Medium-term use. Medium-term studies showed a relative risk of 0.98 (95% CI: 0.92, 1.04;
p=0.470; RD -0.001; 95% CI-0.012, 0.010; p=0.889) based on the number of participants with
adverse events. The total number of adverse event incidences showed very similar results (RR
0.95; 95% CI: 0.87, 1.04; p=0.283; RD 0.000; 95% CI -0.003, 0.003; p=0.914), also indicating
no increased risk of adverse events for intervention participants compared to controls.

Long-term use. Adverse events associated with long-term use is of particular interest. The 18
identified studies that reported on long-term use (defined as one year or longer) included 1 case
study (Jensen, 1976) that described a patient who used Saccharomyces boulardii [cerevisiae] for
several years and was hospitalized for fever of unknown origin. We did not identify any other
observational studies, such as case series, on long-term use.

The other long-term studies were controlled trials; adverse events results varied, sometimes
favoring the intervention, sometimes the control group. To investigate whether the intervention
duration was associated with an increased risk of adverse events, we undertook a subgroup
analysis for long-term use in parallel RCTs. The individual RCTs investigated Lactobacillus
interventions (Aso, 1995; Aso, 1992; Bousvaros, 2005; Connolly, 2005; Dekker, 2009; Prantera,
2002; Reid, 1995), a Bifidobacterium intervention (Sazawal, In press), a blend of Lactobacillus
and Bifidobacterium strains (Gionchetti, 2003; Ishikawa, 2003), or a blend of Lactobacillus,
Bifidobacterium, and Streptococcus (Miele, 2009; Mimura, 2004). First, considering the number
of participants with adverse events, the relative risk was RR: 0.76; 95% CI: 0.41, 1.39; p=0.259)
for intervention participants compared to control group participants, with a trend favoring
intervention participants, although not statistically significantly. The forest plot in Figure 21
shows the individual studies that entered the analysis.
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Figure 21. RR number of participants with adverse events in long-term use RCTs
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Individual study results varied, sometimes favoring the probiotics group, sometimes the
control group. The risk difference between treatment and control group participants was very
small and not statistically significant (RD -0.006; 95% CI -0.016, 0.004; p=0.259). Using an
alternative measure, the total reported incidences per group, the results also do not indicate a
relative or absolute risk difference from control group participants (RR 0.86; 95% CI: 0.69, 1.08;
p=0.209; RD -0.005; 95% CI: -0.014, 0.005; p=0.311).

Each individual encountered adverse event in the intervention and control groups is
documented in the Evidence Table C4, Results. To explore the nature of the adverse events
associated with long-term use, we differentiated gastrointestinal complaints, infections and
infestations, and other adverse events and undertook separate analyses. None of the analyses
indicated an increased risk of adverse events in any of the three categories, compared to control
group participants (gastrointestinal events: RR 1.02; 95% CI: 0.57, 1.84; p=0.932; infections and
infestations: RR 1.84; 95% CI: 0.59, 5.74; p=0.293; all other adverse events: RR 0.78; 95% ClI:
0.59, 5.02; p=0.075).

Metaregression. None of the stratified analyses indicated a statistically significantly increased
risk of adverse events for intervention participants compared to control group participants.
However, the subgroup analyses indicated that long-term use may be associated with fewer
adverse events compared to results found in short-term and medium-term use studies. In order to
investigate whether the results differ statistically significantly between studies, we undertook a
meta-regression. For this, two different analyses were available.

First, we used a categorical variable differentiating short-term, medium-term, and long-term
use. For the number of participants with adverse events, no statistically significant difference
was found (p=0.596); however, for the number of adverse event incidences, studies differed
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significantly across short-, medium-, and long-term use (p=0.039). We then used the intervention
duration as a continuous variable, extracting the exact duration of the intervention in months.
This analysis did not confirm a statistically significant difference between studies associated with
the length of the intervention; neither an analysis based on the number of participants with
adverse events (p=0.115), nor one based on the number of adverse event incidences (p=0.162)
showed a statistically significant difference. It has to be kept in mind that the proportion of
identified long-term use studies was very small compared to the overwhelming proportion of
short- and medium-term studies reported in the literature.

(4b) Is there a relationship between time of onset of harm and time of
probiotic administration? How does time of exposure affect harm? Is harm
sustained after the intervention or exposure stops?

For the purpose of this review, we recorded the time of onset of the harm whenever possible.
The time of onset was then compared to the timing of the administration of the probiotic. We
also recorded any information regarding the clinical course of adverse events and the length of
time for which harms were sustained after the intervention was stopped and the participant was
no longer exposed to the probiotic product. Few studies provided information on the onset of
adverse events, but some of these studies, in particular the case studies, gave some insight into
the development of harms.

Timing descriptions included information on gastrointestinal side effects such as
constipation, which was reported in two studies. In one of these studies, constipation began 2
weeks after treatment while another did not pass stools beginning on the third day of the
intervention period (Hirata, 2002; Rosenfeldt, 2002) and 10 days after treatment in one case
(Loguercio, 1987). Loose stools and diarrhea were also reported on the first day of treatment, 3
days into treatment, on days 3 to 7 of treatment, and accompanied by abdominal discomfort after
1 week of taking probiotic (Black, 1991; Fukuda, 2008; Gotteland, 2003; Ishikawa, 2003); at 10
days (Mimura, 2004); in the third week of treatment after dose increase (Garrido, 2005); or after
1 month (Glintborg, 2007). Projectile vomiting after 2 hours was reported in one infant (Hwang,
2009). Vomiting occurred on the first day of treatment and incidences continued until the third
day (Isolauri, 1991) in another study. One study reported one participant leaving the study on the
second day due to nausea (Tasli, 2006); large amounts of gas on the third day (Beck, 1961);
increased appetite was reported for the first 5 days of treatment (Anukam, 2006), another
reported that four participants discontinued during the first week because of vomiting (Xiao,
2003); and bloating occurred primarily during the first week of treatment in three reports
(Gionchetti, 2007; Parfenov, 2005; Ranganathan, 2009). One study reported that one participant
dropped out on day 11, following 1 week of abdominal pain (Nobuta, 2009). General
gastrointestinal side effects were reported in anotherone study at week 1 (Lee, 2010).

With regard to infections, a submandibular abscess was noted 2 weeks after study entry in
one study (Vleggaar, 2008); one participant received antibiotics for bronchitis after 3 weeks
(Reid, 2001); one infant developed a viral rash after 30 days (Saavedra, 2004); an abscess
developed after 4 weeks (Conen, 2009); a coryza-like illness developed in the second month of
treatment (Ishikawa, 2003); one case of liver abscess was reported in one case after 4 months of
probiotic ingestion (Rautio, 1999); D-lactic acidosis was diagnosed after 3 months (Oh, 1979),
and 4 months (Ku, 2006).

Reports of more serious infections included incidences of fungemia and bacteremia. Cases of
fungemia began 4 days (Fredenucci, 1998; Lungarotti, 2003), 5 days (Lolis, 2008; Piechno,
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2007; Richard, 1988; Viggiano, 1995; Zunic, 1991), 7 days in two cases (Cherifi, 2004; Munoz,
2005), 8 days (Hennequin, 2000; Munoz, 2005), 10 days (Ohishi, 2010), 13 days (Pletinex,
1995), 18 days (Bassetti, 1998), 20 days (Riquelme, 2003), 21 days (Niault, 1999), 32 days
(Hennequin, 2000), 7 weeks (Hennequin, 2000; Trautmann, 2008) and 2 months (Hennequin,
2000) after starting treatment. Bacteremia was seen after a median of 9 days in four patients
(Richard, 1988) and 1.5 weeks (De Groote, 2005), 20 days (Land, 2005), and 3 weeks (Ledoux,
2006) after starting probiotic treatment. Sepsis started after “several” days (Rijnders, 2000), 6
days (Lestin, 2003), 23 days (Kunz, 2004), and 179 days (Kunz, 2004) of treatment. These
adverse events developed while using probiotics. Only Niault (1999) and Land (2005) reported
on adverse events that developed after the treatment was stopped.

Other adverse events that occurred included local burning and irritation on the first 2 days of
product application (Di Pierro, 2009); colposcopy findings of erythema, petechiae, edema,
abrasion, and laceration on days 1, 7 and/or 14 (Hemmerling, 2009); anemia in 1 infant at 6
months and in 16 at 2 years (Kuitunen, 2009); one case of cervicobrachialgia that began 2 weeks
after stopping active treatment (Ligaarden, 2010); increased days with eye symptoms early in
treatment (Ouwehand, 2009); and a flare of rheumatoid arthritis at week 1 in one participant
(Lee, 2010).

Few studies provided information on the clinical course of experienced adverse events.
Gastrointestinal events appeared to resolve spontaneously, regardless of whether the intervention
was continued or discontinued. The described cases of bacteremia and sepsis resolved within 24
to 72 hours (Bassetti, 1998; Land, 2005) or 8 days (Ledoux, 2006) in the studies that provided
information on the clinical course. Blood cultures were negative after 10 days (Kunz, 2004) and
21 days (De Groote, 2005). Fungemia resolved within 58 hours (Hennequin, 2000), 6 days
(Viggiano, 1995), 8 days (Piechno, 2007), 10 days (Pletinex, 1995), 11 days (Riquelme, 2003),
13 days (Trautmann, 2008), 15 days (Niault, 1999), 18 days (Riquelme, 2003), 60 days
(Hennequin, 2000), 3 weeks (Hennequin, 2000), or 6 months (Conen, 2009). Sepsis cleared after
14 days (Zein, 2008). Burning and irritation lasted only a few hours (Di Pierro, 2009). Increased
eye symptoms resolved within a month (Ouwehand, 2009). One participant experienced
pseudomonas aeruginosa septicemia from leg cellulitis believed to be due to spending time in a
public hot tub (Bajaj, 2008) and died on day 67 of the study.

(4c) Does the route of administration (e.g., orally, jejunostomy tube, central
venous catheter) relate to harm?

We differentiated a number of routes of administration—oral, enteral feeding, intravenous
catheter, intravaginal, and topical routes of administration—to investigate whether the route of
administration of probiotics is linked to the risk of adverse events. As the route of administration
depends primarily on clinical necessity, no study was identified that directly compared two
routes of administration. To identify potentially different safety trends associated with the use of
a particular route of administration, we undertook stratified analyses and a metaregression to
compare across studies.

Oral Administration

In most of the included studies, the participants consumed the probiotic organisms orally
(272/387); participants swallowed pills or capsules or ate probiotics-enriched food. This number
included 17 case studies that reported the mode of administration.
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To investigate whether adverse events are more frequent in probiotic interventions compared
to control interventions, we undertook a stratified analysis. Across all parallel RCTs that reported
oral administration, the relative risk of adverse events for intervention participants compared to
controls was 0.98 (95% CI: 0.93, 1.04; p=0.581) based on the number of participants with
adverse events. The corresponding risk difference between groups was -0.001 (95% CI: -0.005,
0.003; p=0.207). Based on the alternative measure, the number of adverse event incidences, no
statistically significant difference between intervention and control group participants could be
found either (RR 1.01; 95% CI: 0.93, 1.08; p=0.960; RD 0.003; 95% ClI: -0.002, 0.009;
p=0.207).

To explore the nature of encountered adverse events, we differentiated gastrointestinal
complaints, infections and infestations, and all other reported adverse events. In none of the
categories did the probiotic intervention group show an increased risk compared to control
(gastrointestinal: RR 1.06; 95% CI: 0.91, 1.25; p=0.453; RD 0.007; 95% CI: -0.001, 0.015;
p=0.072; infections and infestations: RR 0.98; 95% CI: 0.85, 1.14; p=0.831; RD 0.000; 95% CI:
-0.003, 0.003; p=0.886; other adverse events: RR 0.98; 95% CI: 0.88, 1.11; p=0.782; RD 0.000;
95% CI: -0.004, 0.003; p=0.867). Individual adverse events reported in each study are shown in
Evidence Table C4, Results.

Enteral Administration

A number of studies (43/387) reported on interventions where probiotics were administered
through enteral feeding tubes in hospitalized patients. We grouped all studies that described the
use of a nasal tube or gastric feeding tubes, or indicated a jejunostomy in this category. This
group included 11 of the 29 case studies that reported the mode of administration for described
patients.

To investigate whether this group of studies reported more adverse events in a probiotics
group than in a control group from the same patient population, we undertook a stratified
analysis. Even if adverse events are more likely in patients needing enteral feeding overall, and
events may have a greater clinical impact in these people (e.g., an infection), it is critical to
evaluate whether patients on probiotics experience more adverse events relative to a control
group with similar patient characteristics. A pooled analysis based on the number of participants
with adverse events indicated no statistically significantly different risk or trend of an increased
risk compared to control (RR 0.84; 95% CI: 0.55, 1.29; p=0.350; RD -0.002; 95% CI: -0.022,
0.017; p=0.828). Using the alternative measure, the number of adverse event incidences, no
statistically significantly increased risk was identified either (RR 1.15; 95% CI: 0.86, 1.55;
p=0.350; RD 0.001; 95% CI: -0.009, 0.011; p=0.777).

To explore the nature of encountered adverse events, we differentiated gastrointestinal
complaints, infections and infestations, and all other reported adverse events. In none of the
categories did the probiotic intervention group show an increased risk compared to controls
(gastrointestinal events: RR 0.85; 95% CI: 0.51, 1.42; p=0.527; RD 0.010; 95% CI: -0.019,
0.038; p=0.507; infections and infestations: RR 1.17; 95% CI: 0.69, 1.99; p=0.567; RD 0.000;
95% CI: -0.008, 0.008; p=0.969; other adverse events: RR 1.29; 95% CI: 0.82, 2.03; p=0.273;
RD 0.004; 95% CI: -0.013, 0.020; p=0.637). Individual adverse events reported in each study are
shown in Evidence Table C4, Results.
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Other Routes of Administration

Fifteen studies included in this review investigated the intravaginal administration of
probiotic organisms. Most of the adverse events related to the administration of probiotic
organisms or placebo were mild to moderate (such as vaginal discharge). None of the case
studies reported this mode of administration.

Based on the number of women with adverse events in each treatment group, the parallel
RCTs reported no statistically increased risk of adverse events compared to controls (RR 1.06;
95% CI: 0.72, 1.57; p=0.761; RD -0.004; 95% CI: -0.054, 0.046; p=0.870). No statistically
significant difference compared to control or even a trend for increased risk of events was
identified in the alternative measure, the number of adverse event incidences either (RR: 0.84;
95% CI: 0.57, 1.23; p=0.363; RD -0.013; 95% CI: -0.039, 0.012; p=0.313).

To explore the nature of encountered adverse events in studies with an intravaginal
administration of probiotics, we differentiated gastrointestinal complaints, infections and
infestations, and all other reported adverse events. In none of the adverse event categories did the
probiotic intervention group show an increased risk compared to control (gastrointestinal events:
RR 0.67; 95% CI: 0.16, 2.78; p=0.583; RD -0.005; 95% CI: -0.022, 0.013; p=0.612; infections
and infestations: RR 1.51; 95% CI: 0.57, 1.99; p=0.408; RD 0.035; 95% CI: -0.069, 0.14;
p=0.505; all other adverse events: RR 0.74; 95% CI: 0.43, 1.26; p=0.0.268; RD -0.016; 95% CI:
-0.052, 0.020; p=0.389). Individual adverse events reported in each study are shown in Evidence
Table C4, Results.

With regard to other routes of administration, four studies reported a topical application of
probiotic organisms. Details of the intervention and the adverse events results are shown in the
evidence tables. Across the three parallel RCTs, no statistically significant difference in adverse
events between intervention and control group could be detected (RR 1.06; 95% CI: 0.65, 1.72;
p=0.817; RD 0.048; 95% CI: -0.045, 0.0140; p=0.311).

The nature of the adverse events encountered with topical applications varied. Falck (1999)
used alpha-streptococci to treat recurrence of streptococcal pharyngotonsillitis and reported that
16 percent of participants reported respiratory complaints related to the common cold compared
to 13 percent in the control group. Klarin (2008) reported 5/23 deaths in the treatment group
(Lactobacillus plantarum 299) compared to 6/21 in the control group of intubated patients. Peral
(2009) reported that five patients with burns in the Lactobacillus plantarum group had (tolerable)
pain, there were no local or systemic allergic symptoms, and the administered organism was not
found in blood or wound samples. Roos (1996) reported 13 participants with throat pain,
headache, coughing, runny nose, common cold, and fever compared to 18 control group
participants reporting similar adverse events, among the 130 participants with streptococcal
pharyngotonsillitis.

The case of Saccharomyces boulardii [cerevisiae] sepsis reported by Piechno (2007)
described the use of an intravenous catheter for parenteral nutrition; no other study reported
explicitly on this route of administration

Metaregression: Routes of Administration

To investigate whether study results different significantly based on the route of
administration, we undertook a metaregression adding the route of administration as a moderator
in the meta-analysis. Based on both alternative measures of adverse event risks, no statistically
significant difference was found (number of participants with adverse events: p=0.840; number
of adverse event incidences: p=0.633). In addition, enteral feeding is a route of administration as
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well as intrinsically related to the participant characteristics. Differences associated with
participant characteristics, such as the health status, are described in the next result section (4d).

(4d) How does harm relate to subpopulations, including different age
groups (specifically including neonates and infants under age 24 months),
men and women, ethnic/race subgroups, or health status (healthy to high
risk) individuals?

Age

The majority of the identified studies included adult participants. We distinguished, where
possible, studies in children (up to 18), adults, and elderly participants (using 65 as the age cut-
off).

Children. We identified 123 studies that included children. Some of the studies in children
exposed them to probiotic organisms prenatally with the mother consuming probiotic organisms
as well as postnatally. Overall, studies in children tended to be better reported than studies in
adults. This pertained to the reporting of the intervention (e.g., reporting the strain of the
administered probiotics) and the reporting of the adverse events (e.g., reporting a list of adverse
events that was determined a priori and monitored and then reporting on the results).

Seventeen of the included 43 case studies described children (Barton, 2001; Cesaro, 2000;
De Groote, 2005; Hennequin, 2000; Hwang, 2009; Ku, 2006; Kunz, 2004; Land, 2005;
Lungarotti, 2003; Munakata, 2010; Ohishi, 2010; Perapoch, 2000; Pletinex, 1995; Trautmann,
2008; Viggiano, 1995).

In total, we identified 35 parallel RCTs that reported the total number of participating
children in a group receiving probiotics compared to a group of children not using probiotics,
and the total number of children with adverse events per treatment group. Most studies in
children investigated Lactobacillus interventions, alone or in combination with Bifidobacterium,
some studies used only Bifidobacterium strains (in infant formulae), and there were some
exceptions of studies using Saccharomyces (Kurugol, 2005), Streptococcus (Roos, 2001),
Enterococcus (Bellomo, 1979), or Bacillus (La Rosa, 2003 [Lactobacillus sporogenes]) strain
interventions. The relative risk of children in probiotics groups to experience an adverse event
was not statistically significantly different from children receiving the control intervention (RR
0.96; 95% CI: 0.88, 1.04; p=0.296). The forest plot in Figure 22 shows the individual study
results.
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Figure 22. RR number of children with adverse events
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The risk difference across intervention and control group participants was -0.004 (95% CI: -
0.012, 0.004; p=0.302) based on the number of children with adverse events in each group. The
alternative measure, the relative risk of adverse event incidences, was 0.95 (95% CI: 0.87, 1.04;
p=0.296) comparing intervention and control groups was similar and the corresponding risk
difference was -0.001 (95% CI: -0.004, 0.003; p=0.757); this analysis is based on a much larger
number of trials (75 RCTs), as the number of individual adverse event incidences was reported
more often than the number of children with adverse events per treatment group.

For very young children (under 24 months of age), the relative risk to experience an adverse
event was 0.96 (95% CI: 0.88, 1.05; p=0.332; 27 trials) compared to the control group, and the
risk difference was -0.005 (95% CI: -0.013, 0.004; p=0.289), indicating no trend for increased
adverse events associated with the probiotics intervention. The alternative measure, the relative
risk of adverse event incidences, was similar, with a relative risk of 0.94 (95% CI: 0.86, 1.03;
p=0.202; 65 RCTs) comparing intervention and control groups, and the corresponding risk
difference was -0.001 (ClI: -0.005, 0.003; p=0.0505).

To explore the nature of encountered adverse events, we differentiated gastrointestinal
complaints, infections and infestations, and all other reported adverse events. In none of the
categories did the probiotic intervention group show an increased risk compared to control
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(gastrointestinal events: RR 0.99; 95% CI: 0.80, 1.22; p=0.895; RD 0.001; 95% CI: -0.005,
0.008; p=0.706; infections and infestations: RR 0.94; 95% CI: 0.77, 1.14; p=0.511; RD 0.000;
95% CI: -0.004, 0.004; p=0.999; all other adverse events: RR 0.98; 95% CI: 0.86, 1.12; p=0.748;
RD -0.001; 95% CI: -0.005, 0.004; p=0.683). Individual adverse events reported in each study

are shown in Evidence Table C4, Results.

Adults. The majority of identified studies included adult participants (233 studies). A separate
meta-analysis for parallel RCTs with only adult participants indicated a relative risk of adults in
probiotics group to experience an adverse event of 0.97 (95% CI: 0.79, 1.19; p=0.745) compared
to control. The individual results are shown in the forest plot in Figure 23, and the corresponding
risk difference was 0.001 (95% CI: -0.009, 0.011; p=0.865). Individual study results varied,
sometimes favoring the probiotic intervention group, sometimes the control group. The pooled
results indicated no trend that the intervention was associated with a higher risk of adverse
events compared to control.

Figure 23.RR number of adults with adverse events
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The alternative measure, the relative risk of adverse event incidences, was 1.02 (95% CI:
0.82, 1.27; p=0.851; 63 RCTs) comparing intervention and control groups and the corresponding
risk difference was 0.005 (95% CI: -0.005, 0.015; p=0.319), both also not indicating a
statistically significant risk of adverse events compared to control.

To explore the nature of encountered adverse events, we differentiated gastrointestinal
complaints, infections and infestations, and all other reported adverse events. In none of the
categories did the probiotic intervention group show an increased risk compared to controls
(gastrointestinal events: RR 1.17; 95% CI: 0.82, 1.67; p=0.392; RD 0.006; 95% CI: -0.004,
0.015; p=0.225; infections and infestations: RR 1.39; 95% CI: 0.66, 2.93; p=0.386; RD 0.006;
95% CI: -0.017, 0.030; p=0.597; all other adverse events: RR 0.98; 95% CI: 0.72, 1.32; p=0.884;
RD 0.004; 95% CI: -0.005, 0.012; p=0.430). Individual adverse events reported in each study are
shown in Evidence Table C4, Results.

Elderly. Although one-third of the identified studies included participants 65 years of age or
older, studies exclusively in the elderly account for only 5 percent of the review sample. In
addition, elderly participants were explicitly excluded from 5 percent of the included studies (of
those studies that were not in infants or other specified age samples). We identified 17 studies in
total that reported exclusively on participants 65 years of age or older. Among these were several
case studies of serious infections (Cherifi, 2004; Henry, 2004; Jensen, 1976; Mackay, 1999;
Munoz, 2005; Oggioni, 1998; Rautio, 1999; Rijnders, 2000; Tommasi, 2008).

One of the two identified case series with elderly participants reported no adverse events
(An, 2010); in the other one, two of the participants with dementia died during the followup, and
one experienced diarrhea (Carlsson, 2009).

Only a small number of controlled trials targeted exclusively elderly participants (Boge,
2009; De Simone, 1992; Gill, 2001; Guillemard, 2010; Stotzer, 1996). Based on four parallel
RCTs that reported on the number of participants with adverse events, as depicted in Figure 24,
the relative risk of elderly participants in the probiotics group experiencing an adverse event was
0.94 (95% CI: 0.82, 1.08; p=0.367) compared to controls, and the risk difference was -0.013
(95% CI: -0.069, 0.033; p=0.545) indicating that the intervention was not associated with an
increased relative risk of adverse events. The individual RCTs investigated Lactobacillus in
combination with Bifidobacterium or Streptococcus/Enterococcus strains.
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Figure 24. RR number of elderly participants with adverse events
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The nature of the encountered adverse events varied across RCTs that studied participants 65
years of age and older.

The Boge (2009) trials reported common infectious diseases, and Guillemard (2010) reported
muscular-bone adverse events, gastrointestinal adverse events, and infections other than common
infectious diseases, but the exact number per treatment group was not reported. De Simone
(1992) reported 2 participants with incidences of intestinal rumbling and flatulence compared to
1 participant with variation in stool consistency and diarrhea among 15 elderly participants
taking Bifidobacterium bifidum and Lactobacillus acidophilus treatment and 10 elderly control
participants. Gill (2001) reported only one case of digestive discomfort in the control group in a
study using Bifidobacterium lactis HNO19 to enhance immunity. Of the 17 elderly participants
with small intestinal bacterial overgrowth described by Stotzer (1996), 1 was excluded from a
crossover trial on Lactobacillus fermentum due to the deterioration of her general condition
(presumably associated with radiation enteritis after treatment for ovarian cancer); 1 other
participant was excluded due to side effects not further described.

Given the paucity of trials exclusively in the elderly, we also investigated the presence of
participants 65 years of age or older in the study samples and its effects on adverse events. A
metaregression showed no statistically significant effect based on the number of participants with
adverse events (p=0.438) and based on the number of adverse event incidences (p=0.991).

Metaregression. Age: In order to investigate whether different safety results are reported for
different age groups for treated participants relative to controls (relative risk ratio), we tested this
assumption in a meta-regression. Based on the number of participants with adverse events, there
was no indication that the risk of experiencing an adverse event in the treatment group relative to
controls differs by age (p=0.559, joint significance test). For the outcome adverse event
incidences, no analysis could be undertaken due to the small number of studies in the elderly.
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Gender

Almost all samples in the included studies were of mixed gender. We identified 38 studies
describing female participants only and 35 studies that included only male participants. The case
studies described more male than female patients, where gender was reported (see Evidence
Table C1, Study Details), and 24 of the exclusively male studies were case studies. Very few
parallel RCTs with exclusively male participant samples were identified. Studies in female
participants were primarily those using the vaginal route of administration, and the results have
been described under Key Question 4c.

To investigate whether there was any indication that adverse events depended on the sex of
the participants, we added gender as a moderator in a metaregression model. This question was
investigated using two different approaches. First, we investigated exclusively male and
exclusively female parallel RCTs (categorical variable analysis). Second, we used the number of
female participants in each RCT as a moderator for safety results (continuous variable analysis).
In both analyses, there was no indication that encountered adverse events due to probiotics
compared to control was more common in female or in male participant groups based on the
number of participants (categorical variable analysis: p=0.188; continuous variable analysis:
p=0.210) and the number of adverse event incidences (categorical variable analysis: p=0.123;
continuous variable analysis: p=0.447).

Ethnicity

With regard to race and ethnicity, almost none of the studies targeted a particular
demographic group, and many studies provided no information regarding these participants’
features, as recorded in the Evidence Table C1, Participant and Study Details.

Health Status

The clinical characteristics of participants included in the identified studies are reported in
Evidence Table C1, Participant and Study Details. The included studies report on participants
with widely varying health conditions. In addition to indicating the specific clinical condition
(where applicable), we also differentiated participants on a continuum ranging from generally
healthy to critically ill. A large number of included studies (229 studies) could not be classified
as enrolling either critically ill or generally healthy persons but fell into the middle of this
continuum. This group included the many studies in participants being treated for a health
concern such as IBS, ulcerative colitis, Crohn’s disease, diabetes, or other similar health
concerns. Of all included studies, 83 were in participants that could be classified as generally
healthy. In all, 76 studies described high-risk patients, that is, those hospitalized for serious
health concerns and critically ill patients.

Of note, 13 percent of included studies reported explicitly that immunocompromised
participants were excluded from identified studies.

Generally healthy. First, of all included case studies that reported cases of serious adverse events
such as fungemia and bacteremia, only one reported case (see Jensen, 1974) was considered
generally healthy before the onset of the observed adverse event.

To investigate whether healthy participants using probiotics were more likely to experience
adverse events compared to control group participants not using probiotics we undertook a
subgroup analysis for all studies enrolling generally healthy participants. There was no indication
that healthy participants using probiotics were statistically significantly more likely to suffer
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from adverse events than control group participants based on the number of participants with
adverse events (RR 0.95; 95% CI: 0.88, 1.03; p=0.207; RD -0.004; 95% CI: -0.016, 0.008;
p=0.491), and similar results were seen based on the number of adverse event incidences (RR
0.96; 95% CI: 0.83, 1.10; p=0.544; RD 0.008; 95% CI: -0.004, 0.020; p=0.213).

To explore the nature of encountered adverse events, we differentiated gastrointestinal
complaints, infections and infestations, and other adverse events. There was no indication of a
statistically significantly increased risk of gastrointestinal complaints (RR 1.10; 95% CI: 0.88,
1.39; p=0.401; RD 0.013; 95% CI: -0.003, 0.029; p=0.117) or infections and infestations (RR
0.86; 95% CI: 0.68, 1.08; p=0.198; RD 0.002; 95% CI: -0.005, 0.009; p=0.198). There was a
trend for more other adverse events compared to control (RR 1.30; 95% CI: 0.96, 1.75; p=0.094;
RD 0.002; 95% CI: -0.003, 0.007; p=0.476). However, this trend was not statistically significant
across studies.

Medium health status. For 17 case studies, the preceding health status of the presented patients
was categorized as medium on a scale ranging from generally healthy to critically ill, the
described patients varied, or the health status before the probiotic associated adverse event was
not reported.

To investigate whether the participants with medium health status studied in the included
trials were more likely to experience adverse events compared to control group participants not
using probiotics we undertook a subgroup analysis for all parallel RCTs studying this health
status group. There was no indication that participants with medium health status were
statistically significantly more likely to suffer from adverse events than control group
participants, based on the number of participants with adverse events (RR 1.03; 95% CI: 0.94,
1.13; p=0.491; RD -0.001; 95% CI: -0.005, 0.003; p=0.475), and similar results were seen based
on the number of adverse event incidences (RR 1.04; 95% CI: 0.95, 1.13; p=0.379; RD 0.002;
95% CI: -0.004, 0.008; p=0.560).

To explore the nature of encountered adverse events, we differentiated gastrointestinal
complaints, infections and infestations, and other adverse events. There was no indication of a
statistically significantly increased risk of gastrointestinal complaints (RR 1.00; 95% CI: 0.83,
1.22; p=0.975; RD 0.004; 95% CI: -0.003, 0.011; p=0.263.), infections and infestations (RR
1.09; 95% CI: 0.90, 1.32; p=0.384; RD -0.001; 95% CI: -0.005, 0.004; p=0.802), or other
adverse events (RR 1.01; 95% CI: 0.88, 1.16; p=0.856; RD 0.000; 95% ClI: -0.005, 0.005;
p=0.925).

Critically ill. Twenty-five case studies reporting on 42 cases (Barton, 2001; Cesaro, 2000; De
Groote, 2005; Force, 1995; Hennequin, 2000; Henry, 2004; Kniehl, 2003; Ku, 2006; Kunz, 2004;
Land, 2005; Ledoux, 2006; Lestin, 2003; Lherm, 2002; Lolis, 2008; Oggioni, 1998; Ohishi,
2010; Perapoch, 2000; Piechno, 2007; Richard, 1988; Rijnders, 2000; Riquelme, 2003;
Trautmann, 2008; Viggiano, 1995; Zein, 2008; Zunic, 1991) explicitly described a high-risk
patient, an individual who was critically ill before consuming probiotic organisms and
experienced any subsequent associated harms. Described cases were patients who were already
hospitalized for other conditions, who suffered from multiple health concerns, or who had to be
considered high risk due to a serious health condition.

Adverse events are more likely and potentially more harmful in critically ill and high-risk
patients. To investigate whether any of the observed adverse events could be linked to probiotic
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intake, we undertook a stratified analysis for all parallel RCTs studying critically ill or high-risk
patients, such as patients currently being treated in an intensive care unit or babies with very low
birth weight. This analysis can show whether participants using probiotics were more likely to
experience adverse events compared to a control group with similar health status and similar co-
interventions and risk factors apart from the probiotics intake.

Almost all interventions in critically ill patients included Lactobacillus strains. Some studies
used Bifidobacterium strains alone or in combination with Lactobacillus. Across studies, there
was no indication that critically ill and high risk participants taking probiotics were more likely
to experience adverse events than control participants with the same health status (RR 0.79; 95%
Cl: 0.51, 1.22; p=0.286) when comparing the number of participants with adverse events per
treatment arm. The forest plot in Figure 25 shows results obtained in individual studies.

Figure 25. RR number of critically ill or high-risk participants with adverse events
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Results differed in individual studies, sometimes favoring the probiotics, sometimes the
control group. The observed risk difference across treatment and control group participants was -
0.001 (95% CI: -0.020, 0.019; p=0.955). Using the alternative measure, the number of incidences
per treatment arm, the relative risk for treatment group participants was 0.91 (95% CI: 0.76,

1.09; p=0.297). The risk difference between treatment and control group participants was too
small to be detected (RD 0.000; 95% CI: -0.005, 0.004; p=0.62).

To explore the nature of adverse events encountered in studies of critically ill or high risk

participants, we differentiated gastrointestinal symptoms, infections and infestations, and other
adverse events. No statistically significant differences between control and intervention
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participants could be observed for gastrointestinal adverse events (RR 0.91; 95% CI: 0.56, 1.50;
p=0.718; RD 0.000; 95% CI: -0.008, 0.008; p=0.956), for infections and infestations (RR 1.15;
95% CI: 0.70, 1.88; p=0.576; RD 0.000; 95% CI: -0.003, 0.003; p=0.997), or other adverse
events (RR 0.88; 95% CI: 0.72, 1.08; p=0.214; RD -0.001; 95% CI: -0.007, 0.006; p=0.787).

We explored in a sensitivity analysis whether the difference in adverse events is still non-
significant when the deaths reported in the PROPATRIA trial (Besselink, 2008) are added. In our
categorization system, the patients and their baseline disease were not seen as critically ill, but
the patients were predicted to have a severe disease course; hence, it is possible to classify them
as critically ill/high risk. The sensitivity analysis showed similar results, also not indicating a
statistically significantly increased risk of adverse events (RR 0.98; 95% CI: 0.83, 1.17; p=0.871;
RD 0.000; 95% CI: -0.004, 0.005; p=0.856).

Metaregression. Health status: To investigate whether the reported adverse events differed
across the three types of studies, we undertook a metaregression. There was no indication that
adverse events differed statistically significantly depending on the health status of the
participants, based on the number of participants with adverse events (p=0.329) as well as the
number of adverse event incidences (p=0.352) observed in treatment and control groups.

(4e) Do randomized controlled studies that report harm show efficacy or no
efficacy?

In total, 59 percent of included studies that monitored the presence or absence of harms
described the intervention as effective; 23 percent described the intervention as not effective, and
for the remaining studies, it was not clearly stated or the authors reported mixed results. We used
the abstract of the publication as the author’s summary statement. The efficacy of the included
interventions was not the target of the review; hence, we did not extract data that would allow an
independent analysis of the efficacy or effectiveness of the intervention. Whether interventions
were considered effective by the authors is indicated for each study in the Evidence Table C4,
Results.

To investigate whether reported adverse events are associated with the efficacy of the
intervention, we differentiated studies where the intervention was described as effective and
studies where it was described as not effective and added this variable as a moderator to a meta-
analysis. Unclear publications were excluded from this analysis. There was no statistically
significant indication that adverse event results differed across studies based on the efficacy of
the intervention using the number of participants with adverse events (relative risk ratio 0.99;
95% CI: 0.88, 1.12; p=0.909) or the number of adverse event incidences (relative risk ratio 0.93;
95% CI: 0.80, 1.08; p=0.352).

Summary and Strength of Evidence Key Question 4

How do the harms of Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus,
Enterococcus, and Bacillus vary based on (a) dose (cfu); (b) timing; (c) mode of administration
(e.g., catheter); (d) age (all ages, including infants), gender, ethnicity, disease or immunologic
status of the patient; (e) relationship to efficacy?
Volume: Varied across questions

Risk of bias: Medium
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The evidence to answer this Key Question stem from a variety of study designs and quality.

Consistency: Inconsistent
The high level of evidence studies show different results from case studies.

Directness: Indirect
Few direct comparisons; the majority of comparisons are indirect across different studies.

Precision: Imprecise

The majority of included studies use moderate sample sizes, but studies were pooled in a
meta-analysis.

The identified evidence is insufficient or has to be characterized as low with regard to being
able to answer the Key Question with confidence.

Only a few studies in the literature explore the effect of intervention and participant
characteristics on safety.

Very few studies explored the effect of different treatment doses on the experienced adverse
events. Definitions of high and low dose varied across the small number of studies that attempted
to conduct dose comparisons. This issue, together with other confounders, hindered systematic
evaluation of a dose-response relationship.

Very few published studies were identified that investigated the effects of long-term use of
probiotics; information on the safety of long-term consumption is lacking.

There were few descriptions of the time of onset of harms and the further clinical course of
adverse events. In the few studies that reported on the time of onset of gastrointestinal effects,
most effects were observed in the first three days of treatment. The onset of infections tended to
occur one or several weeks later, however this information is primarily based on case studies.
The described bacteremia cases cleared within 8 days; several fungemia cases took up to 3 weeks
to clear.

The route of administration is as much an intervention as it is a patient characteristic, and
direct comparisons across routes of administrations are unlikely. In indirect comparisons, we
found no evidence that the form of administration (oral, enteral, or other) of probiotic organisms
pointed to an increased risk of participants in the probiotics group to experience an adverse event
relative to a comparable control group from the same participant population.

Stratified analyses and metaregressions showed no increased risk for adverse events for
children, adults, or elderly participants who took probiotics compared to adverse events observed
in equivalent control groups; however it has to be noted that only very few studies were
identified that reported on elderly participants.

The identified case studies described more male than female patients. In indirect comparisons
across RCTs, we found no indication that encountered adverse events relative to control group
incidences depend on the sex of the participants.

The included studies did not provide enough information to investigate whether safety results
are associated with ethnic characteristics.

With regard to the health status of participants, there was some indication that health status is
associated with the experience of an adverse event when using probiotics. Case studies reporting
serious adverse events described health-compromised patients, not generally healthy participants,
contracting (most commonly) a serious infection potentially caused by probiotic organisms.
However, a subgroup analysis of RCTs in critically ill patients did not show a statistically
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significantly increased risk of experiencing adverse events for participants using probiotics
compared to control group participants with similar patient characteristics.

There was no indication that the efficacy of the intervention was associated with encountered
adverse events across all included parallel RCTs.

Key Question 5. How often does harm associated with Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and
Bacillus lead to hospital admission or lengthened hospitalization?

The following describes the evidence related to hospitalizations as well as serious adverse
events.

Hospitalizations

None of the case series, controlled trials, crossover RCTs, or parallel RCTs indicated that the
use of a product including Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus,
Enterococcus, or Bacillus led to a hospital admission. Evidence for hospital admissions due to
probiotics use came only from case studies. However, we also recorded all hospitalizations in
included studies, regardless of perceived associations with the study products in question.

Lactobacillus intervention. Conen (2009) described a patient with ulcerative colitis who was
hospitalized with a neck abscess that the authors associated with the intake of a product
containing Lactobacillus rhamnosus (DNA-based identification). LeDoux (2006) described a
patient with AIDS and Hodgkin’s disease who presented to the emergency department with
fever, intermittent chills, and left neck pain with swelling; the diagnosis of bacteremia due to
Lactobacillus acidophilus was associated with the intake of a probiotic medication. Mackay et al.
(1999) reported on a patient with Lactobacillus rhamnosus-associated endocarditis who was
admitted to the hospital; the patient was taking a probiotic preparation that included
Lactobacillus rhamnosus, Lactobacillus acidophilus, and Streptococcus faecalis. Munakata
(2010) described a child with short bowel syndrome admitted to a hospital for evaluation of
ataxia; the authors associated the diagnosis of D-lactic acidosis with a probiotic product
containing Lactobacillus acidophilus, Lactobacillus bulgaricus, Streptococcus faecalis, and
Streptococcus faecium. Oh (1979) described a patient brought to the emergency room because of
sudden disorientation, blurred vision, nausea, and vomiting. D-lactic acidosis was associated
with Lactobacillus acidophilus intake. Rautio (1999) described a diabetic patient who was
admitted to a hospital because of a 2-week history of mild abdominal discomfort and then fever.
The diagnosis of liver abscess was associated with a dairy drink containing Lactobacillus
rhamnosus GG (DNA-based identification). Tommasi (2008) described a patient admitted to a
hospital for persistent fever and night sweating who was later diagnosed with bacteremia,
associated with consumption of Lactobacillus casei- containing products. The case report by
Zein (2008) described a hospital admission due to fever, headaches, nausea, and vomiting. The
publication linked the Lactobacillus rhamnosus-associated septicemia to a probiotic product
containing Lactobacillus rhamnosus, Bifidobacterium bifidum, Lactobacillus acidophilus,
Lactobacillus bulgaricus, Lactobacillus casei, Bifidobacterium longum, and Streptococcus
thermophilus.
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Bifidobacterium intervention. No study was identified that reported a new hospitalization other
than the potentially Lactobacillus-associated case reported by Zein (2008), which involved use
of a probiotics blend that included Bifidobacterium organisms.

Saccharomyces intervention. Hwang (2009) reported on an infant who was treated for presumed
bacterial colitis and in addition was taking a Saccharomyces boulardii [cerevisiae] product and
who presented to the emergency department with repetitive vomiting and cyanosis, requiring
intravenous fluid resuscitation. The condition was assumed to be food protein-induced
enterocolitis syndrome caused by the probiotic intervention, according to the authors. Jensen
(1974) reported on a patient admitted to a hospital with fever, diaphoresis, and nausea, which the
authors associated with the patient’s use of a Saccharomyces cerevisiae product.

Streptococcus intervention. No study was identified that reported a new hospitalization other
than the potentially Lactobacillus-associated case studies described above that used blends.

Enterococcus intervention. No study was identified that reported a new hospitalization other than
the potentially Lactobacillus-associated case studies described above that used blends.

Bacillus intervention. Oggioni et al. (1998) reported on an immunocompromised patient
admitted to a hospital with high fever who subsequently developed septicemia that was
associated with previous treatment with Bacillus subtilis (DNA-based identification).

All other case reports were in patients who were already hospitalized, or an in-hospital
treatment was not reported.

All hospitalizations. Given that the specific diagnostic reason for hospitalization may be difficult
to determine and hospitalizations may not have been associated with probiotic product use at all
by other study investigators, we recorded all hospitalizations mentioned in included studies
during or after receiving the study intervention. The outcome, hospitalization, was not an
inclusion criterion per se for this review. Only hospitalizations recorded in publications
addressing adverse events were considered, and studies using the number of hospitalizations as
an efficacy or effectiveness measure were not sought. Only new hospitalizations were considered
for this question; participants already hospitalized when a probiotic intervention was initiated
were not counted. As shown in the Evidence Table C4, Results, a number of studies reported
SAEs of which several must have led to hospitalizations. However, the studies did not report this
outcome explicitly, and in order to provide a systematic evidence overview, only the exact
reported outcome was considered for all treatment groups.

A case series described by Huynh (2009) reported that one child with acute ulcerative colitis
taking a product containing various Lactobacillus, Bifidobacterium and Streptococcus strains
was hospitalized for vomiting and diarrhea, diagnosed as viral gastroenteritis. No virus or
bacterial pathogens were isolated from the stool.

In 12 parallel RCTs that reported the number of new hospitalizations, the relative risk was
1.14 (95% ClI: 0.79, 1.65; p=0.470; 11 RCTs), and the risk difference was 0.007 (95% CI: -
0.006, 0.020; p=0.276) indicating that the probiotics intervention was not associated with a
statistically significantly higher risk of hospitalization across all parallel RCTs. Study authors did
not report that the intervention caused the hospitalizations in the included trials, but Gibson
(2008) reported 18/72 serious adverse events that required hospitalizations in the treatment group
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compared to 11/70 in the control group. The authors reported further that three events in total
were judged to be possibly related to the formula intervention (one gastrointestinal problem in
each group and one respiratory problem in the control group).

None of the identified studies indicated that the evaluated intervention led to a lengthened
hospitalization. Only five studies (Kerac, 2009; Mackay, 1999; Munakata, 2010; Oggioni, 1998;
Tommasi, 2008) included in the review reported the number of newly hospitalized patients and
the length of hospitalization (this number excludes in-hospital samples, and studies that used the
length of hospitalization as an efficacy or effectiveness measure were also not sought). In the
included controlled studies, Kerac (2009) reported 27/399 readmissions to hospital in a group of
malnourished Malawian children receiving synbiotics compared to 16/396 children in the control
group. The other data on the length of hospitalization stem from case studies. The participant
described by Oggioni (1998) remained in the hospital 25 days; in the case described by Mackay
(1999), 14 days; the child with D-lactic acidosis described by Munakata (2010) was hospitalized
for 25 days; and the case described by Tommasi (2008) appears to have spent a total of about 90
days in the hospital but not necessarily without interruption when symptoms were under control.

Serious Adverse Events

We also investigated the quality of the adverse events, apart from exploring the quantity
(Key Question 1) and the nature of the adverse events (Key Question 2). For all recorded adverse
events reported in the individual studies, we assessed whether the experienced harm was a
serious adverse event such as a hospitalization or recorded incidences of death. For a
conservative analysis, we also included any sign of probiotics bacteria in blood samples as a
serious adverse event.

Several included studies reported on the presence or absence of serious adverse events, in
particular the case studies. The results of case studies have been summarized in Key Question 1c.
However, some controlled studies also reported on the presence or absence of serious adverse
events and these studies allow a comparison of the risk experienced in a probiotic group
compared to that of participants not using probiotics but from a similar population and with
comparable underlying diseases, cointerventions, and other factors that may contribute to serious
adverse events. Some of the included studies enrolled critically ill patients; the occurrence of
serious adverse events and health concerns regardless of any association with probiotics is more
likely in this clinical population than in other participant groups.

In total, 67 parallel RCTs reported on the presence or the absence of at least one serious
adverse event, recorded the number of serious adverse event incidences in the treatment and the
control group arms, and also reported the total number of participants in each treatment arm.
Only the main treatment group was compared with the control group most similar to the
treatment group minus the probiotics.

The relative risk of a serious adverse event was 1.06 (95% CI: 0.97, 1.16; p=0.201),
indicating that probiotics interventions were not associated with a statistically significantly
higher risk of serious adverse events. The forest plot for the relative risk is shown in Figure 26.
The graph is ordered by the included probiotic genera, starting with Lactobacillus, used alone or
in combination with other genera, followed by Bifidobacterium (#2) interventions that did not
include a Lactobacillus strain, and finally Saccharomyces (#3) interventions without
Lactobacillus or Bifidobacterium strains In total, 39 percent of studies investigated blends, and
most often the blend included a Lactobacillus strain. The lack of Streptococcus, Enterococcus,
and Bacillus interventions is highlighted in the following text.
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Figure 26. RR number of participants with serious adverse events
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Results in most included trials were accompanied by wide confidence intervals, and the
obtained relative risks within the individual RCTs varied greatly, sometimes favoring the
probiotics group, sometimes the control group. A large effect indicating problems with probiotics
was seen only in the PROPATRIA trial (Besselink, 2008), a failed effectiveness study in patients
with acute pancreatitis. The pooled risk difference for a serious adverse event was not detectable
(RD 0.000; 95% CI: -0.003, 0.003; p=0.866) across the treatment groups. The risk of a serious
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adverse event was low in both groups, and the difference between the probiotic and control
groups was not detectable. The Evidence Table C4, Results shows all serious adverse events
reported in all included studies.

Lactobacillus intervention. As documented in the Key Question 1 section, the serious adverse
events associated with a Lactobacillus intervention where administered species or strains were
matched with genetic fingerprinting approaches included two cases of an abscess, two cases of
bacteremia, and one case of sepsis.

To quantify the risk of serious adverse events associated with Lactobacillus strains, we
stratified parallel RCTs by genus. Interventions exclusively using Lactobacillus strains indicated
no increased risk of serious adverse events compared to controls (RR 1.03; 95% CI: 0.93, 1.14;
p=0.614; RD 0.000; 95% CI: -0.006, 0.006; p=0.981). In order to explore further whether the
genus of the organism could be associated with reported serious adverse events, we undertook a
metaregression adding the genus as a moderator to a meta-analysis of serious adverse events.
This analysis compared studies that used Lactobacillus strains, alone or in combinations with
other microorganisms, with interventions that did not. The relative risk ratio across studies did
not indicate that the Lactobacillus genus was associated with a statistically significantly different
risk of serious adverse events compared to other genera (relative risk ratio 1.07; 95% CI: 0.78,
1.46; p=0.423).

Bifidobacterium intervention. As documented in the Key Question 1 section, the serious adverse
events associated with a Bifidobacterium interventions where administered species or strains
were matched with genetic fingerprinting approaches included one documented case of
septicemia. No stratified analysis of parallel RCTs to quantify the risk of serious adverse events
could be undertaken, as no study was identified that used exclusively Bifidobacterium strains and
reported on the presence or the absence of a serious adverse event. A metaregression adding the
presence of the genus Bifidobacterium in the intervention as a moderator to a meta-analysis of
serious adverse events did not indicate that the Bifidobacterium genus was associated with a
statistically significantly increased risk of serious adverse events (relative risk ratio 1.18; 95%
Cl: 0.96, 1.47; p=0.814).

Saccharomyces intervention. As documented in the Key Question 1 section, the serious adverse
events associated with a Saccharomyces interventions where administered species were matched
with genetic fingerprinting approaches included 20 cases of fungemia. No stratified analysis
could be undertaken for parallel RCTs to quantify the risk, as no study was identified that used
exclusively Saccharomyces strains and reported on the presence or the absence of a serious
adverse event. A metaregression adding the presence of the genus Saccharomyces in the
intervention as a moderator to a meta-analysis of serious adverse events did not indicate that the
Saccharomyces genus was associated with a statistically significantly increased risk of serious
adverse events (relative risk ratio 0.68; 95% CI. 0.22, 2.07; p=0.494).

Streptococcus intervention. No Streptococcus intervention where administered species were
matched with genetic fingerprinting approaches was identified, and a stratified analysis for
parallel RCTs also could not be undertaken, as no study was identified that used exclusively
Streptococcus strains and reported on the presence or the absence of a serious adverse event. A
metaregression adding the presence of the genus Streptococcus in the intervention as a moderator
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to a meta-analysis of serious adverse events did not indicate that the Streptococcus genus was
associated with a statistically significantly increased risk of serious adverse events (relative risk
ratio 1.17; 95% CI: 0.54, 2.54; p=0.695).

Enterococcus intervention. No Enterococcus intervention where administered species were
matched with genetic fingerprinting approaches was identified and a stratified analysis for
parallel RCTs could also not be undertaken, as no study was identified that used exclusively
Enterococcus strains and reported on the presence or the absence of a serious adverse event. A
metaregression adding the presence of the genus Enterococcus in the intervention as a moderator
to a meta-analysis of serious adverse events did not indicate that the Enterococcus genus was
associated with a statistically significantly increased risk of serious adverse events (relative risk
ratio 0.59; 95% CI: 0.06, 6.05; p=0.656).

Bacillus intervention. As documented in the Key Question 1 section, the serious adverse events
associated with a Bacillus intervention where administered species were matched with genetic
fingerprinting approaches included 1 case of sepsis. No stratified analysis and metaregression
could be undertaken for parallel RCTs to quantify the risk of serious adverse events due to the
lack of Bacillus studies reporting on serious adverse events.

We also explored pertinent subgroups that were identified in the review with regard to
serious adverse events. The quality of adverse events can be very different, ranging from mild
complaints to critical events, and analyses in prior chapters have shown that some investigated
participants and some intervention characteristics warrant more exploration.

Serious adverse events by health status. We also explored whether critically ill participants
taking probiotics were more likely to experience serious adverse events compared to control
group participants. In these patients, serious adverse events are of critical importance. There was
no indication that critically ill patients were more likely to experience serious adverse events
when we stratified results for this subgroup. The relative risk in studies with participants of this
health status to experience a serious adverse event was 1.01 (95% CI: 0.89, 1.14; p=0.898; RD
0.002; 95% CI: -0.004, 0.004; p=0.973) relative to control group participants with similar
clinical symptomatology. In addition, we added health status as a variable to a meta-analysis in
order to see if health status moderates reported serious adverse events seen in participants
relative to control group participants, but there was also no empirical evidence for an increased
or reduced risk of serious adverse events that depended on the participants’ health status
(p=0.481).

Serious adverse events by participant age. Children in probiotics groups were not more likely to
experience serious adverse events than control group participants (RR 1.02; 95% CI: 0.92, 1.14,
p=0.685; RD 0.002; 95% CI: -0.006, 0.003, p=0.458). The few published studies in the elderly
did not report on the presence or absence of serious adverse events. Comparing the relative risk
ratio of children and adults for serious adverse events, there was a significant difference
(p=0.019) indicating that adults in probiotics groups were more likely to experience serious
adverse events; however this result was driven entirely by the PROPATRIA trial (Besselink,
2008) in acute pancreatitis, which reported statistically significantly more incidences of death in
the probiotics group compared to control. Excluding this study, there was no evidence of serious
adverse event results being moderated by participants’ ages (p=0.728).
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Serious adverse events by delivery vehicle. Stratified analyses indicated that yogurt and dairy
delivery vehicles may influence the ratio of risks for adverse events seen in intervention and
control groups. There was no evidence that intervention participants in yogurt and dairy studies
were statistically more likely to experience adverse events compared to control group
participants (RR 1.16; 95% ClI: 0.38, 3.56, p=0.793); RD 0.001; 95% CI: -0.009, 0.012,
p=0.219). In addition, we added delivery vehicles as a variable to a meta-analysis in order to see
if this factor moderated reported serious adverse events seen in participants relative to control
group participants, but there was also no empirical evidence for an increased or reduced risk of
serious adverse events depending on the vehicle the probiotic organisms were delivered in
(p=0.998).

Serious adverse events by route of administration. There was a trend but no evidence for a
statistically significantly different risk for patients receiving probiotics through enteral feeding
tubes to experience a serious adverse event compared to control group participants (RR 1.21;
95% CI: 0.92, 1.58, p=0.168; RD 0.002; 95% CI: -0.008, 0.011, p=0.694), based on the existing
literature. We also added routes of administration as a variable to a meta-analysis in order to see
if these factors moderated the serious adverse events seen in participants relative to control group
participants, but there was no evidence for an increased or reduced risk of serious adverse events
that depended on the route of administration (p=0.714).

Summary and Strength of Evidence Key Question 5

How often does harm associated with Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and Bacillus lead to hospital admission or lengthened
hospitalization?

Volume: 26 studies for hospitalization, 66 controlled trials for serious adverse events

Risk of bias: Medium
Evidence to answer this Key Question stems from RCTs and case studies, but the RCTs may
not have reported on the outcome of hospitalization consistently

Consistency: Inconsistent

Directness: Direct
Several comparative studies if the Key Question is widened to include serious adverse events

Precision: Precise

The identified evidence has to be characterized as medium to low with regard to being able to
answer the Key Question with confidence.

While several case studies reported a new hospitalization associated with the consumption of
a product, including Saccharomyces, Lactobacillus, or Bacillus strains, none of the case series,
CCTs, or parallel and crossover RCTs reported that a probiotics intervention led to a
hospitalization in the intervention participants.

A comparison of all reported hospitalizations regardless of the perceived association with the
intervention treatment indicated no statistically significantly increased risk in probiotics
interventions compared to the number of hospitalizations in control group participants. However,
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the number of hospitalizations due to adverse events was explicitly reported on in only a few of
the included studies, older publications may not have associated a hospitalization with probiotics
intake, and several studies reported on participants who were already hospitalized.

Only a few studies overall reported on the presence or absence of serious adverse events
following the FDA definition, as outlined in the method section. Results for serious adverse
events varied across RCTs, sometimes favoring the probiotics group and sometimes the control
group, and differences across probiotic and control groups were not statistically significant. The
same result was obtained for Lactobacillus and Saccharomyces interventions, but there were too
few studies (Bifidobacterium) or no studies (Streptococcus, Enterococcus, Bacillus) to analyze
serious adverse events as studies did not report on the presence or absence of serious adverse
events.

We also investigated pertinent subgroups that were highlighted in previous chapters of the
report. There was no evidence to document an increased risk of critically ill patients in probiotics
groups experiencing more serious adverse events than critically ill patients in a control group; the
health status of participants was not associated with an increased risk of serious adverse events
relative to control group participants. Children in intervention groups were not more likely to
experience serious adverse events compared to control group children, but a formal systematic
analysis of age as a moderator could not be undertaken due to the absence of reporting on the
presence or absence of serious adverse events in the few identified studies in the elderly. The
ratio of adverse events between intervention and control group participants also was not affected
by the delivery vehicle or the route of administration. However, this finding is again based on an
indirect comparison across studies; direct evidence is missing.

Key Question 6. How does harm associated with Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and
Bacillus relate to use of concomitant antibiotics, confounding diet therapies,
corticosteroid use, immune suppressants, or other potential confounders?

None of the studies included in this review reported a statistical interaction analysis
investigating whether confounders such as concomitant antibiotics, diet therapies, corticosteroid
use, use of other immune suppressants, or other variables affects adverse events associated with
probiotics. An interaction effect might indicate that participants on probiotics and antibiotics are
more likely to experience adverse events, beyond the adverse events that can be expected in a
control group of patients with similar characteristics.

A potential interaction effect between probiotics and medications has been explored in the
Key Question 2a and indicated a trend but no statistically significant indication that intervention
participants in studies with pertinent cointerventions report more adverse events than control
group participants with corresponding cotreatments.

Antibiotics

A substantial number of identified studies described concomitant antibiotic use (110/387). In
these studies, probiotics were often given to counterbalance adverse events caused by antibiotics,
for example, to prevent or treat antibiotic-associated diarrhea. We included only those studies
that did report on adverse events associated with probiotics, that is, studies addressing the safety
of probiotics in addition to efficacy or effectiveness outcomes. Studies reporting only on the
efficacy or effectiveness of probiotics in the prevention or reduction of antibiotics-associated
adverse events were outside the scope of this review.
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In order to answer the question of whether participants using probiotics and antibiotics
simultaneously makes them more at risk to experience adverse events associated with probiotics,
we undertook a stratified analysis for all RCTs with concomitant antibiotic treatment. There was
a trend but no statistically significant indication that participants in the probiotics group were
more likely to experience adverse events compared to control group participants also taking
antibiotics, based on the number of participants with adverse events (RR 1.07; 95% CI: 0.94,
1.23; p=0.271; RD 0.001; 95% CI: -0.005, 0.006; p=0.855) as well as according to the number of
adverse incidences across groups (RR 1.13; 95% CI: 0.91, 1.41; p=0.272; RD 0.005; 95% ClI: -
0.004, 0.014; p=0.259).

Exploring the nature of the adverse events further, there was also no indication that
participants experience statistically significantly more gastrointestinal adverse events compared
to control group participants (RR 1.10; 95% ClI: 0.82, 1.48; p=0.530; RD 0.006; 95% CI: -0.004,
0.016; p=0.253), more infections and infestations (RR 1.07; 95% CI: 0.56, 2.06; p=0.835; RD
0.000; 95% CI: -0.003, 0.003; p=0.945), or more other adverse events (RR 1.13; 95% CI: 0.91,
1.41; p=0.270; RD 0.005; 95% ClI: -0.005, 0.015; p=0.365).

Participants were also not more likely to experience serious adverse events compared to
control group participants also on antibiotic cotreatment (RR 1.04; 95% CI: 0.91, 1.19; p=0.534;
RD 0.000; 95% CI: -0.005, 0.005; p=0.972).

Diet Therapies

Seven studies (five parallel and one crossover RCT) were identified that described
participants on a particular diet regime (e.g., a diet based on the American Heart Association
guidelines) in addition to probiotics intake. The relative risk for the number of participants with
adverse events in this subgroup of studies was 1.08 (95% CI: 0.74, 1.58; p=0.683; RD 0.003;
95% CI: -0.043, 0.048; p=0.898), and the relative risk for the number of adverse event incidences
in the treatment arms was 0.97 (95% CI: 0.79, 1.18; p=0.724; RD -0.001; 95% ClI: -0.020, 0.018;
p=0.948).

There was also no indication of differences in gastrointestinal complaints (1.10; 95% CI:
0.82, 1.48; p=0.530; RD 0.006; 95% CI: -0.004, 0.016; p=0.253), infections and infestations
(1.09; 95% CI: 0.53, 2.24; p=0.808; RD 0.000; 95% CI: -0.003, 0.003; p=0.945), other adverse
events (RR 0.94; 95% CI: 0.75, 1.16; p=0.538; RD 0.004; 95% ClI: -0.023, 0.031; p=0.784) or
serious adverse events (RR 1.02; 95% ClI: 0.89, 1.18; p=0.749; RD 0.010; 95% CI: -0.016,
0.036; p=0.449) compared to control group. However, it should be noted that the stratified
analyses were based on between three and seven RCTs only, due to the small number of studies
reporting concomitant diet therapies. Most individual trials reported either no adverse events or
similar incidences across groups.

Corticosteroid Use

There were 26 studies that reported using corticosteroids in conjunction with an intervention
of probiotic organisms. None of these studies reported an interaction analysis or related the
adverse events experienced to the use of confounding corticosteroids with probiotics.

In order to answer the question of whether participants using probiotics and corticosteroids
simultaneously makes them more at risk to experience adverse events associated with probiotics,
we undertook a stratified analysis for all RCTs with concomitant corticosteroid treatment. There
was no indication that participants in the probiotics group were more likely to experience adverse
events compared to control group participants also taking corticosteroids, based on the number of
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participants with adverse events (RR 1.04; 95% CI: 0.88, 1.22; p=0.650; RD 0.002; 95% CI: -
0.032, 0.035; p=0.920) as well as according to the number of adverse incidences across groups
(RR 1.06; 95% CI: 0.77, 1.46; p=0.719; RD 0.000; 95% CI: -0.021, 0.021; p=0.986).

Exploring the nature of the adverse events further, there was a trend but no statistically
significant indication that participants experience statistically significantly more gastrointestinal
adverse events compared to control group participants (RR 1.11; 95% CI: 0.73, 1.68; p=0.615;
RD 0.000; 95% CI: -0.030, 0.030; p=0.992), more infections and infestations (1.15; 95% CI.
0.79, 4.68; p=0.466; RD 0.008; 95% CI: -0.039, 0.054; p=0.750), or more other adverse events
(RR 1.29; 95% ClI: 0.83, 2.01; p=0.257; RD 0.007; 95% CI: -0.010, 0.232; p=0.448).

Participants were also not more likely to experience serious adverse events compared to
control group participants also on corticosteroid cotreatment (RR 1.01; 95% ClI: 0.33, 3.10;
p=0.980; RD 0.012; 95% CI: -0.027, 0.051; p=0.545).

Immune Suppressants

Eight studies, including three case studies, were identified that reported on patients using
probiotics while taking immune suppressant medications several studies described patients with
ulcerative colitis.

Two case reports in patients using immune suppressants to control an underlying condition
described fungemia infections (Bassetti, 1998; Zunic, 1991), and one case report reported an
abscess potentially associated with Lactobacillus rhamnosus.

One of the case series in patients on immune suppressant medications noted a patient with an
erythema around the anus (Benchimol, 2004), and two other case series reported several
gastrointestinal incidences in patients with ulcerative colitis (Huynh, 2009; Karimi, 2005).

One RCT in patients with atopic dermatitis listed abdominal pain as an adverse event with
2/24 in the treatment group compared to 1/24 in the prebiotics control group (Passeron, 2006).
An RCT in transplant patients noted diarrhea, abdominal pain, and abdominal cramps similarly
distributed across treatment arms (Rayes, 2005). Tursi (2010) reported 8/65 adverse events such
as abdominal bloating with or without discomfort compared to 9/66 patients with adverse events
in the control group in an RCT in patients with ulcerative colitis

No other pertinent confounder was identified in this review that clearly warranted further
investigation.

Summary and Strength of Evidence Key Question 6

How does harm associated with Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and Bacillus relate to use of concomitant antibiotics, confounding
diet therapies, corticosteroid use, immune suppressants, or other potential confounders?

Volume: Indirect comparisons are based on 387 studies, no evidence from individual interaction
studies

Risk of bias: Medium
Evidence to answer this Key Question stems from RCTs and case studies

Consistency: Inconsistent

Directness: Indirect
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Question can be analyzed only through cross-study comparisons or subgroup analyses

Precision: Precise

There is insufficient evidence to answer this Key Question with confidence.

We did not identify studies meeting the review inclusion criteria that reported statistical
interactions between concomitant antibiotics, diet therapies, corticosteroid use, or immune
suppressants.

Although the risk of adverse events in general might be higher in participants on multiple
medications, in subgroup analyses of studies in which the intervention participants as well as the
control group participants received antibiotics or corticosteroids, no statistically significantly
increased risk of adverse events was identified among intervention participants. Across RCTSs,
there was no evidence for a statistically significant interaction between these medications and the
risk for adverse events being increased in the treatment group relative to the control group.

We identified only a few studies with concomitant diet therapies, and studies in participants
using immune suppressants were also largely absent in the existing literature. The few studies
identified did not indicate an increased risk of adverse events, but rare events are difficult to
assess, and the existing evidence base is not sufficient to draw conclusive conclusions.
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Discussion

Results Summary

The review demonstrates that there is a large volume of literature on probiotics. However, the
literature provided only limited evidence to address the questions the review set out to answer.
The search of 10 databases combined with reference screening of included studies and pertinent
reviews identified 11,201 publications, and 622 studies were included in the review. Of these
622 studies, 235 studies made only nonspecific safety statements (“well tolerated”), and the
remaining 387 studies reported the presence or absence of one or more specific adverse events.

The review includes a large number of randomized controlled trial (RCTs); however, the
majority of these were not designed to monitored adverse events but primarily tested the efficacy
of probiotics in managing, treating, or preventing clinical symptoms. The quality of included
studies varied within study design categories; only a minority of trials reported adequate
randomization methods, concealment of treatment group allocation, and blinding of outcome
assessors to the treatment group; and studies were not powered to assess adverse events. Adverse
events were poorly documented and publications seldom stated what parameters were monitored.
Further, in the majority of included studies, interventions were poorly documented, lacking
detail, for example, on the specific probiotic strain that was administered as well as the dose and
viability.

Identified case studies indicated that fungemia, bacteremia, and sepsis may be associated
with administered probiotic organisms. None of the identified case series, controlled clinical
trials (CCTs), parallel and crossover RCTs reported an infections caused by the administered
probiotic strains. However, these studies did not monitor routinely for such infections; reported
adverse events were primarily gastrointestinal in nature. In parallel RCTs, no statistically
increased risk for adverse events in the quantity of adverse events was observed, analyzing the
number of participants with adverse events and reported adverse event incidences per treatment
group. Exploring the nature of reported events in the literature, we found that adverse events
were gastrointestinal in nature, addressed infections and infestations, or addressed other adverse
events. In none of the different types of adverse events did parallel RCT show a statistically
significantly increased risk for adverse events in intervention participants compared to control.
Across studies, there was also no statistically significantly increased risk of serious adverse
events associated with probiotic product use. Long-term effects are largely unknown as very few
existing studies report on followup periods of one year or more.

Stratifying studies by probiotic genus, it was apparent that the existing literature covers
primarily the genus Lactobacillus, alone or in combination with other genera, most frequently
Bifidobacterium. There was some evidence from a metaregression that indicated Streptococcus
interventions may be associated with a larger number of adverse events compared to other
genera, but evidence from direct, head-to-head comparisons is lacking. Stratifying RCTs that
used each genus exclusively, no statistically significant difference between intervention and
control group participants was observed for any of the six genera. However, published reports on
the genera Enterococcus, Bacillus, Streptococcus are largely absent from the literature.
Saccharomyces interventions and Bifidobacterium interventions were also rare, and a substantial
proportion of studies used blends of probiotic organisms.
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The review aimed to address a large number of participant and intervention variables and
their effect on safety. Direct evidence comparing intervention factors is largely absent from the
existing literature. Few studies directly compared the safety of different product or participant
characteristics. Indirect comparisons indicated that effects of delivery vehicles should be
investigated further. Analyzing participant factors such as health status showed that case studies
described adverse events in patients with existing health concerns, often already hospitalized
when potentially probiotics associated infections occurred. However, RCTs did not indicate a
statistically significantly increased risk of adverse events in healthy, medium-risk, or critically ill
participant groups compared to control.

Scope and Limitations

This evidence report considers a large number of studies and addresses a large number of
research questions. Unlike the majority of existing reviews, this evidence report considers only
adverse events reported in studies of probiotics, and does not cover efficacy or effectiveness
questions for the management, prevention, or treatment of clinical symptoms or other indications
for using probiotic products. For a risk—benefit analysis, both aspects would need to be
considered.

A substantial number of reviews summarizing individual studies of effects of probiotics have
been published. However, existing reviews focus on selected interventions, selected probiotic
genera, selected patient groups, or selected outcomes (Abad, 2009; Alfaleh, 2008; Allen, 2003;
Barclay, 2007; Boyle, 2009; Boyle, 2008; Brenner, 2009; Butterworth, 2008; Chande, 2009;
Chande, 2008; Chmielewska, 2010; Chou, 2008; Dendukuri, 2005; Deshpande, 2007,
Deshpande, 2010; Doherty, 2009; Doron, 2008; Dugoua, 2009; Fuccio, 2009; Gawronska, 2005;
Gurusamy, 2008; Holubar, 2010; Hoveyda, 2009; Johnston, 2007; Kahn Ch, 2009; Kale-
Pradhan, 2010; Lirussi, 2007; Mallon, 2007; McFarland, 2005; McFarland, 2010; Miller, 2009;
Moayyedi, 2008; Osborn, 2007; Petrov, 2009; Pillai, 2008; Rolfe, 2006; Sachdeva, 2009;
Szajewska, 2010; Szajewska, 2005; Szajewska, 2001; Szajewska, 2004; Tung, 2009;
Vouloumanou, 2009; Wang, 2009; Watkinson, 2007; Whelan, 2010; Wu, 2008; Zigra, 2007).
This evidence report has a broader scope, and due to the large number of included studies, allows
unique statistical analyses. Adverse events reported in intervention studies of probiotic
organisms are largely rare events encountered by only a small number of participants. Thus,
large sample sizes are necessary to be able to detect any statistically significant incidence rates of
such adverse events.

Search

This review aimed to capture the safety of probiotics, in particular the safety of
Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and Bacillus used
as probiotic agents. The search strategy was primarily designed to capture all explicitly identified
probiotic studies, and steps were taken to ensure the completeness of the body of evidence of
probiotic literature. We identified a large number of publications on probiotics and carefully
screened full paper copies of all publications that might contain information on the safety of
probiotics. Other studies that investigated the same genera in ways that resembled their use as
probiotic agents but did not label their interventions as probiotic studies were not excluded but
were also not sought systematically as outlined in the search strategy justification, and no claim
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of completeness is made. These studies were primarily identified through reference mining, that
is, scanning the bibliographies of included studies and pertinent review articles. This review was
not restricted to particular species, strains, patient group, clinical fields, settings, or study design,
and the sought interventions included genera such as Bacillus with known pathogenic properties,
hence the decision to restrict the search to probiotic studies rather than expanding it to the wider
literature on the individual bacteria and yeast strains. Judging from our experience, future
reviews targeted towards more specific research questions should use a combination of search
terms covering both the term “probiotic” and the genus to identify those studies that used a
particular strain as a probiotic agent.

This review adopted a thorough process of identifying information on the safety of probiotics
by screening full paper copies of empirical studies on probiotics, regardless of whether the safety
of probiotics was mentioned in the summary of the article, that is, the title or abstract of the
publication. Initial experiments with search filters have shown that screening studies at the title
or abstract level would have resulted in missing a large proportion of the pertinent literature. The
majority of included studies were not tagged by databases as including safety information, the
title and the abstract gave no indication that adverse events would be addressed in the
publication, and in the overwhelming majority of studies other than case reports, safety was not
the main aim of the publication.

The review focuses on published literature, and a substantial number of studies of probiotics
have been published in scientific journals. However, there may also be a substantial number of
unpublished studies, most likely from manufacturers of probiotics. This factor, combined with
the fact that we could not be certain studies that failed to mention adverse events indeed had no
adverse events, limits the utility of the review as a basis for true risk—benefit analysis of
probiotics.

Probiotics

This exploratory review on the safety of probiotics lists the reported presence and absence of
adverse events for interventions that used Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and Bacillus organisms as probiotic agents. The imbalance of
genera in the included studies (favoring Lactobacillus alone and in combination with
Bifidobacterium) presumably reflects the research conducted to date.

We adopted a very inclusive definition of probiotics. However, there is an ongoing debate
about whether yogurt should be considered a probiotic product, since yogurt contains live
bacteria (e.g., Guarner, Perdigon, Corthier, et al., 2005) of genera that are associated with
probiotic properties, and the debate also extends to whether there is any reason to think adverse
events need to be monitored for yogurt and lactic acid bacteria products (e.g., MacGregor, Smith,
Thakker and Kinsella, 2002). For this review, yogurt studies that did not explicitly report the
addition of a probiotic agent, that is, a strain in addition to the yogurt starter culture, were
excluded.

A distinct limitation of this review is that most of the identified studies provided insufficient
information on the intervention, that is, a clear description of the microbes that were included in
the investigated probiotic product. The lack of identification or proper classification of the
administered probiotic organisms is a safety concern in itself. A large number of published
studies did not report the strain of the probiotic agent included in the preparation. Given that the
efficacy of probiotics is often considered strain specific, the informational value of these studies
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has to be questioned. Lack of documentation is hindering efficacy as well as safety evaluations
(EFSA, 2009; Shane, 2010) and limits overviews necessary for consumers and policymakers.

A further limitation is the uncertain reliability of the reported product details. For this
literature review, we rely on the information reported by the study authors. Very few studies
reported using accepted methods (or any methods) to test the content of preparations given to
participants. The exact organisms as well as any contaminants present in the preparations are
pertinent information. For example, included studies indicated that the species used was
Lactobacillus sporogenes however; the species designation Lactobacillus sporogenes is now
considered an invalid name for Bacillus coagulans (Becker, 1950; De Clerck, 2004; Jung, 2009).
Similarly, some studies reported on Streptococcus faecium and Streptococcus faecalis, which
have been transferred to the genus Enterococcus (Schleifer, 1984). A study published in 2006
conducted a survey of commercial probiotic strains and found that 28 percent of the strains
intended for use in humans as probiotics were misidentified at the genus or species level (Huys,
2006). Other reports show that products can contain more species than noted on the product
labels (Marcobal, 2008; Underwood, 2009).

Also, over the time span covered by our literature search, many of the employed organisms
may have undergone mutations (spontaneous or otherwise), identification techniques have
improved (e.g., revealing them to be less similar to a more familiar strain or to belong to a
different genus than previously thought), and taxonomic name changes were introduced (see,
e.g., Masco, 2004; Mattarelli, 2008; No Author, 2008; Li, 2006; Posteraro, 2005; Morita, 2009).

Finally, we identified a large number of studies that gave a blend of different probiotic
organisms to participants. These studies individually do not permit to attribute reported harms to
a particular genus, species, or strain. Metaregressions can to some extent trace effects across
studies, but this process cannot replace adequate study designs to investigate the safety of
probiotic strains.

Intervention Studies

This report was explicitly limited to assessing the outcomes of interventions (as opposed to
merely passive or accidental exposure). We identified a large number of intervention studies in
the international literature assessing the effects of Lactobacillus, Bifidobacterium,
Saccharomyces, Streptococcus, Enterococcus, and Bacillus used as probiotic agents. A number
of publications exists that systematically collated example cases of fungemia associated with
Saccharomyces cerevisiae (e.g., Munoz, 2005), or infections associated with Lactobacillus (e.g.,
Aguirre, 1993; Husni, 1997), or Bifidobacterium (e.g., Bourne, 1978). However, we considered
only those case descriptions that reported a preceding intervention, that is, the purposeful use of
probiotics. This limitation also pertains to reports from hospitals describing outbreaks of
fungemia such as reports on an intensive care unit (ICU) where patients did not purposefully
consume probiotics, but the yeast was reported to linger in the ICU (Cassone, 2003). One of the
included case studies (Perapoch, 2000) also reported on an infant who appeared to have
contracted an infection from an infant treated with Saccharomyces cerevisiae who later
developed fungemia; hence, spread of infections should also be monitored in research studies.

The review considered studies without study design restrictions and it includes a large
number of different study designs such as parallel and crossover RCTs, CCTs, case series, and
case studies. However, the literature search did not identify any observational cohort studies
comparing two cohorts or retrospective case-control studies on the safety (or even the efficacy)
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of organisms used for their probiotic properties; all observational data came from case series
following only one intervention group and case studies. The reason for this lack of large-scale
observational studies of probiotic safety is unclear but may be the result of a general presumption
of probiotic safety on the part of epidemiologists (and the failure to implicate them as the cause
of any particular conditions). A 2002 epidemiological study addressing a similar question
assessed changes in the incidence of Lactobacillus-associated bacteremia in Finland after a rapid
increase in the use of Lactobacillus rhamnosus GG as a probiotic agent. The study found no
increase in the incidence of Lactobacillus-associated bacteremia in the population, although a
small proportion of isolates matched the strain of the probiotic agent, using the typing
technology available at that time (Salminen, 2002).

Safety

The review identified a large number of relevant publications addressing the safety of
probiotic products. For RCTs, we identified a similar volume of publications that addressed the
potential efficacy of probiotic preparations but not their safety. It is not possible to extrapolate
from the lack of mention of adverse events that no adverse events occurred in interventions (e.g.,
the adverse events associated with a particular trial might be reported in an accompanying or
subsequent, not-yet-published, article). Even fewer RCTs reported on the presence and the
absence of specific adverse events.

The review identified a large number of publications that made vague safety statements such
as “the intervention was well tolerated” and “there were no adverse events.” We compiled these
vague references to safety to allow a complete overview of the existing literature, but these
studies were analyzed separately from studies with more specific statements. This group of
studies reported no information on what was monitored or how “well tolerated” was defined. For
an evidence report such as this whose purpose is to synthesize the evidence, these studies are of
little informational value.

When publications reported that there were no adverse events, we did not make inferences
from this statement to specific outcomes. Although it may appear plausible to assume that this
means no death or hospitalizations occurred, this assumption is very problematic and should not
replace actual empirical evidence on the safety of probiotics. The safety of probiotics has only
recently been considered as an issue warranting further investigation (Liong, 2008). Older
publications may not have thought to associate such harms with an intervention considered
completely harmless. In order to advance the empirical evidence on the safety of probiotics,
studies should monitor and report the presence and also the absence of specific harms.

For this review we extracted all reported adverse events, regardless of whether the authors of
the publication considered these in their summary statement regarding the safety of probiotics.
We also included outcomes regardless of the author’s assurance that the event was unrelated to
the intervention. Such judgments are difficult to make and may change with increasing
knowledge of the safety of probiotics. Very few publications appear to have addressed the
assessment of the strength of association between adverse event and intervention systematically,
as reported for example in Gibson (2009).

Safety reviews on probiotics have focused on various aspects of safety such as toxicity, the
potential for translocation, and antibiotic resistance or other virulence factors (Ishibashi, 2001,
Sanders, 2010; Yazdankhah, 2009). This report operationalized safety as the presence or absence
of unintended adverse health events in probiotics interventions for human participants. We
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document the quantity, quality, and nature of adverse events reported in research studies using
probiotics to reduce risk of and prevent or treat disease in vivo.

Efficacy studies for which the efficacy outcome was the mitigation of an adverse event (e.g.,
efficacy of probiotics in preventing or treating antibiotic-induced diarrhea or other negative
health outcomes) were excluded unless (1) the outcome was actually exacerbated in the probiotic
treatment group compared to baseline or to a control group and this outcome was one of the main
safety findings of the paper (stated in the abstract of the publication, so-called treatment
failures); or (2) the safety of the probiotics, themselves, was also explicitly addressed in the
publication. This operationalization is not without problems but it is a pragmatic solution
adopted in other recent overviews of the safety literature (e.g., Pitrou, Boutron, Ahmad &
Ravand, 2009).

Particular outcomes addressed in this review warrant further investigation as a risk-benefit
analysis in a review that includes all studies reporting on a particular outcome such as all-cause
mortality. Such a review would need to include all studies addressing the outcome, regardless of
whether the outcome was considered a measure of efficacy or an unintended effect.

Key Questions

Key Question 1. What is the evidence that the active and lyophilized forms
of probiotics (Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and Bacillus) as single ingredients or in
combination with other probiotics or prebiotics in all delivery vehicles (and
formulations) when used to cure, treat, mitigate or prevent a disease or
reduce disease risk are safe in the short term? Long term?

The question of whether probiotic interventions are safe cannot be answered with sufficient
confidence based on the existing literature. The existing literature includes primarily the genera
Lactobacillus, alone and in combination with other genera, often Bifidobacterium; adverse
events associated with other genera are not well documented.

Case studies indicated that primarily fungemia, but also bacteremia, and incidences of sepsis
have been linked to administered probiotic organisms. Although the confidence of matching
strains has only recently been improved through DNA-based matching methods, the existing
reports indicate that an association between administered probiotic strains and observed
infections must be considered (Liong, 2008).

RCTs, CCTs, and case series did not report that they routinely monitor for the kinds of
infections identified in case reports. This is particularly distressing as the identified case studies
span a long period; the infectious potential of probiotic organisms is not a recent observation
(Jensen, 1976; Richard, 1988). Most controlled trials did not state what harms were monitored,
and the safety of the probiotic products was not addressed systematically. Poor reporting of
adverse events is not specific to studies on probiotic products but a general concern of
intervention studies (loannidis, 2004).

None of the identified case series, CCTs, or parallel and crossover RCTs reported an
infections caused by the administered probiotic strains. However, these studies did not monitor
routinely for such infections. The absence of reliable evidence on adverse events should not be
mistaken for evidence of the absence of adverse events. The adverse events reported in RCTs in
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the current literature do not suggest a widespread risk, but future studies that explicitly monitor
for the safety issues of concern are needed to quantify the actual risk of specific adverse events
in intervention studies.

Frequently reported individual adverse events were deaths that occurred during the study
followup period; many gastrointestinal incidences such as diarrhea, constipation, or nausea; and
respiratory infections. These types of outcomes were reported for both study arms, participants
using probiotics as well as participants in control groups. Across studies most incidences were
distributed evenly across treatment groups; nonetheless, there were individual studies such as the
PROPATRIA trial reported by Besselink et al. (2008), a study of failed effectiveness reported a
higher mortality rate in the probiotic treatment group than in the control group in patients with
acute pancreatitis, which indicates that individual outcomes such as mortality should be
monitored. In particular, as the mechanism of action must be investigated further, the study
reported no incidences of infections caused by the administered probiotics organisms
(Lactobacillus and Bifidobacterium strains). In a further publication, this mortality rate was
determined to be increased in those taking probiotics who had organ failure, as compared to
those who did not (Besselink, 2009). The analysis of individual outcomes also suggests that
treatment failures should be highlighted in current research. Although treatment failures were not
considered per se for this review, failed efficacy was sometimes considered a safety concern
(Besselink, 2008; Boyle, 2008) and a central outcome of the study. Individual outcomes such as
mortality should be assessed in a risk—benefit analysis that includes the outcome regardless of
whether it was investigated as a safety concern or efficacy measure (i.e., where probiotics were
given to reduce mortality).

To approach the question of safety of probiotics, we also systematically investigated the
quantity of adverse events reported in probiotics studies. This information is meaningful only in
comparison to a control group, a comparable group with similar patient characteristics, co-
interventions, and other similar circumstances that permit investigation of whether adverse
events are increased with probiotics use. We investigated two alternative measures, the number
of patients with adverse events in each treatment group and the number of adverse-event
incidences per treatment group. Each measure has inherent advantages and disadvantages, and
the measures are not identical, as a single participant can experience multiple adverse events.
Across all individual studies and identified adverse events, parallel RCTs did not indicate a
statistically significantly increased risk of adverse events in either of the complementary
measures. However, it has to be considered, though, that the existing literature is dominated by
Lactobacillus-based interventions, both in combination with several other genera or alone.

Finally, the current literature also does not permit statements on the long-term safety of
probiotics. With few exceptions, the existing literature reports on short- and medium-term use of
probiotics assessed for a short or medium-term followup period. Research on probiotics has
increased dramatically in recent years and studies in the near future may report more information
on long-term effects of probiotics.

Key Question 2. What are characteristics and associations of the reported
harms in Question 17?

The reported adverse events were primarily gastrointestinal in nature, others concerned
infections and infestations, and a large group of studies did not fit any particular category in the
published system used to classify adverse events (DHHS, 2009). While the case studies primarily
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reported infections suspected or confirmed to be caused by an administered probiotic organism,
the majority of other studies reported gastrointestinal incidences. In the included RCTs, there
was no indication that participants using probiotic organisms have a higher risk of experiencing
gastrointestinal adverse events than those not using them and this was also the case for infections
and infestations and all other reported adverse events across studies. Studies rarely reported
efforts to monitor harms specific to probiotic product interventions, including infections due to
the administered strains. Hence, evaluations of the safety might change with future, more
targeted, assessment of adverse events (Liong, 2008).

There is a lack of studies investigating potential interactions between probiotics and other,
concomitantly administered, medications. The descriptions of cases experiencing serious adverse
events suggest that either multiple medications or the underlying condition may have contributed
to the severe adverse events reported but studies systematically addressing interaction effects are
lacking.

We identified only a very small number of studies addressing acquired antibiotic resistance
as a patient outcome with clinical relevance. Evidence for potential harms came from case
studies in patients with multiple morbidities. Reported resistance pertained only to selected
antibiotics. However, it has to be noted that we restricted the current review to patient outcomes,
only where antibiotic resistance and translocation were described as clinical adverse events were
these eligible for inclusion in the review. This excluded, for example, in vitro and animal
research on the potential, or lack of potential, for antibiotic resistance and translocation that has
been published for the investigated genera (Abe, 2010; Corthesy, 2007; Ishibashi, 2001).

Key Question 3. What is the evidence that harms of Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and
Bacillus differ by product and delivery characteristics?

We set out to answer a large number of research questions related to the interventions and
delivery characteristics. However, identified studies lacked detail in their description of
administered probiotic organisms. Many studies did not specify which probiotic strains were
investigated, nor was there indication that intervention preparations were tested for identity of
the included organisms, viability, or contaminants.

The question of genus-specific safety profiles is not easy to answer with the existing
literature. The review included probiotic organisms that were very different in nature (bacterial
as well as yeast strains) with different histories and research experiences of using the genera as
probiotic products (e.g., Lactobacillus versus Enterococcus). The number of identified fungemia
case reports associated with of Saccharomyces boulardii [cerevisiae] outnumbered case reports
of infections reported for the bacterial strains. However, RCTs, CCTs, and case series
investigated primarily Lactobacillus, alone or in combination with Bifidobacterium strain
interventions; the available evidence, including reports of the absence and the presence of
adverse events as well as effectiveness studies, is very unbalanced across genera.

The kind of postmarket reports of adverse events that participants might encounter when
using probiotic products had to be elicited from studies that often investigated products that
included different genera or gave different probiotic genera for very different purposes, to
different participant groups, in different doses and potencies. Very few studies provided head-to-
head comparisons of different genera. For the included RCTs, we undertook stratified analyses
for each genus in studies that used organisms from one genus only, for example, all studies using
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exclusively Lactobacillus organisms. Stratified analyses by probiotic genus showed no increased
risk of adverse events for any of the genera in studies using the genus in question exclusively. In
addition, we undertook a metaregression and investigated each genus as a moderator in studies
that used a particular genus alone or in combination with other genera (e.g., all studies including
a Lactobacillus strain). There was some indication that interventions including Streptococcus
strains showed a higher risk of adverse events compared to the other genera. However, this result
was based on a small number of studies given the paucity of studies using genera other than
Lactobacillus and direct evidence is missing.

Included studies used unique interventions that comprised a large number of different species
and strains to investigate the efficacy, and in some cases the safety, for use as probiotic agents.
Typically, there were too few comparable studies to enable individual safety statements for
species or strains: many studies used interventions that included more than one probiotic
organism so that it was not possible to link encountered adverse events to specific species or
strains, and as outlined before, the documentation and validation of the interventions as well as
the monitored adverse events were lacking. Other factors, such as a history of safe use of species
in the food production, data on the prevalence of opportunistic infections, or reports of resistance
to antibiotic or antifungal medications, may be considered to determine the potential for safe use.
(see e.g., EFSA opinion, 2007; [Cote, 2006.]). However, these factors do not preclude the
occurrence of rare adverse events, and such known properties of genera or species are only
useful if there is evidence to suggest that all strains within the genus or within a species can be
expected to behave similarly. Assuming that because a genus or individual species has low
toxicity, no strain of the genus or species and no intervention including organisms of that genus
or species can cause adverse events in intervention studies appears to be an overgeneralization.

There is also a lack of studies directly comparing product characteristics such as the mode of
delivery. Indirect comparisons across the RCTs identified in this review indicated that the
potential effect of different delivery vehicles should be investigated further. Subgroups indicated
more adverse event incidences in the treatment group when probiotics were taken in a yogurt or
other dairy product than when taken in any other vehicle. It must be kept in mind that no study
actually compared adverse events between a yogurt/other dairy vehicle and any other vehicle
within the same study; nevertheless, there are alternative explanations for such an observation.
Probiotic organisms might maintain greater viability in dairy than nondairy vehicles, or the
adverse events are actually attributable to lactose intolerance. Given that many consumers
consume probiotics as part of dairy or yogurt products, this effect should be further investigated
in direct comparisons. The possibility that the use of a particular food as a vehicle for probiotic
organisms might alter their viability (and therefore the potential efficacy and toxicity) has been
explored in a number of studies (Champagne, 2005), and some have reported that Lactobacillus
rhamnosus GG isolated from 15 different manufactured food products (carriers) showed strain
differences that could affect both efficacy and safety (Grzeskowiak, 2010).

The only included studies that compared the form of probiotic organisms directly compared
viable and heat-killed organisms. Heat-killed organisms are not included in prominent definitions
of probiotics; hence, this comparison is of minor interest. There was no indication that active
forms were associated with a higher number of adverse events. The characterization of
organisms was too poor in included studies to allow a systematic investigation of the influence of
the form. Also seldom tested or reported was the viability of the administered organisms:
Considering that probiotics are live organisms and that they presumably need to remain live to be
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fully functional, it is concerning that few studies demonstrated that they were indeed able to
maintain the evaluated organisms in a live and robust state. Related to this concern, Bacillus
species are capable of forming spores, which would affect the count of viable organisms in a
preparation. Furthermore, because several of the genera of interest are primarily anaerobic,
exposure to oxygen during storage could easily affect viability. Another factor that might lower
the potency of probiotic products is the failure to consider the potential for cryogenic damage
during lyophilization and/or storage and to compensate by adding a cryoprotectant (see e.g.,
Savini, 2010).

We did not identify conclusive evidence in the existing literature showing that interventions
with a mixture of different organisms reported more adverse events than studies using one
probiotic strain only or that synbiotics (mixtures of prebiotics and probiotics) differ from
probiotics; however, there is a lack of direct comparisons. Although the risk of adverse events
(as well as the efficacy) is not necessarily comparable across species and strains, direct head-to-
head comparisons are largely absent in the literature and in practice, probiotic interventions often
included several different probiotics genera, species, and strains.

Key Question 4. How do the harms of Lactobacillus, Bifidobacterium,
Saccharomyces, Streptococcus, Enterococcus, and Bacillus vary based on
(a) dose (cfu); (b) timing; (c) mode of administration (e.g., catheter); (d) age
(all ages, including infants), gender, ethnicity, disease or immunologic
status of the patient; (e) relationship to efficacy?

Only a few primary studies explored the effect of intervention and participant characteristics
on safety. Both the variation in definitions of high and low dose across published studies and
other factors such as the inherent differences in the compared organisms as outlined previously
precluded a systematic evaluation of a dose-response relationship.

Very few published studies were identified that investigated the effects of long-term use of
probiotics, that is, intervention durations of 1 year or longer; information on the safety of long-
term use is lacking. Given the current research interest (Shane, 2010) studies will hopefully
provide needed evidence on long-term interventions.

There were few descriptions of the time of onset of harms relative to treatment and the
further clinical course of adverse events. In the few studies that reported on the time of onset of
gastrointestinal effects, most effects were observed within in the first 3 days of treatment. The
onset of infections tended to occur 1 to several weeks after initiation of probiotics use; however,
this information is primarily based on case studies and was not systematically reported. A further
pertinent question may be the optimal time for administering probiotics, that is, early to prevent,
rather than aiming to treat or improve particular conditions, which may be associated with the
risk—benefit ratio of interventions (Arciero, 2010; Sanders, 2010).

In indirect comparisons across all identified RCTs in this review, we found no evidence that
a particular mechanism or route of administration of probiotic organisms (e.g., through enteral
feeding) was associated with an increased risk of an adverse event relative to a control group. In
the literature, serious adverse events associated with probiotic use have been linked to catheter
use (e.g., Sanders, 2010). However, the route of administration is closely linked to the health
status of participants.
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With regard to the health status of participants, there was some indication that health status is
associated with the risk for an adverse event when using probiotics. The majority of case studies
reporting serious adverse events described a critically ill patient or someone suffering from
multiple morbidities when they contracted a serious infection potentially caused by probiotic
organisms. There was some indication in the metaregressions that health status may predict an
increased risk of adverse events associated with probiotic organisms. However, a subgroup
analysis of all controlled trials enrolling critically ill participants did not show a statistically
significantly increased risk of experiencing adverse events for participants using probiotic
organisms compared to control group participants with similar patient characteristics. Critically
ill patients may be more prone to experience adverse events; however, these were not associated
with the use of probiotics; adverse events were equally distributed across treatment groups.
Further large controlled studies are needed to identify any increased risk for rare but pertinent
adverse events, and the risk—benefit ratio should be considered (also Whelan, 2010).

For studies enrolling patients with compromised health, it would appear appropriate to use a
data monitoring committee. A study by the Society for Clinical Trials” DAMOCLES Study
Group found that only about 25 percent of articles presenting the main results of clinical trials
mentioned having used a data monitoring committee to ensure the appropriate collection of data
throughout the trial (Sydes, 2004). Such committees would also be helpful in standardizing the
collection of adverse event data in large, well-powered trials as well as in some smaller trials in
populations of interest; a data monitoring working group has provided a set of guidelines (STC,
2006).

To assess the role of the age in the safety of probiotics, we stratified studies according to the
age of participants and undertook separate analyses for studies in children, adults, or elderly
participants. The stratified analyses did not indicate an increased risk of adverse events in any of
the subgroups associated with the use of probiotics compared to corresponding control group
participants. However it has to be noted that very few studies were identified that reported on
elderly participants.

The identified case studies described more male than female patients. In the RCTs, we
investigated the results of subgroups in female only and male only studies as well as analyzing
the percent of female participants as a factor in a meta-analysis. In these indirect comparisons
across RCTs, we found no indication that encountered adverse events relative to control group
incidences depend on the gender of the participants.

The included studies did not provide enough information to investigate whether probiotic
safety is associated with racial/ethnic characteristics. It should be kept in mind that the majority
of included studies were conducted in European countries where ethnic characteristics are rarely
assessed in research studies. The research field needs to advance much further in order to be able
to answer such specific questions regarding the safety of probiotics; such evidence is not
available for other more established interventions (such as antibiotics use) either.

In total, 59 percent of included studies were explicitly described as effective by the study
authors for the various applications of probiotic use under investigation. We found no indication
that the efficacy of an intervention was related to the number of encountered adverse events
across all included RCTs.
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Key Question 5. How often does harm associated with Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and
Bacillus lead to hospital admission or lengthened hospitalization?

While several case studies reported a new hospitalization potentially associated with the
consumption of a product including Saccharomyces, Lactobacillus, or Bacillus strains, none of
the case series, CCTs, and parallel and crossover RCTs reported that a probiotics intervention led
to a hospitalization in the intervention participants. A comparison of all reported hospitalizations
regardless of the perceived association with the intervention treatment indicated no statistically
significant risk in probiotics interventions compared to the number of hospitalizations in control
group participants. However, the number of hospitalizations due to adverse events was only
explicitly reported on in a few of the included studies. Older publications may not have
associated a hospitalization with probiotics intake, and several studies were in participants
already hospitalized. As outlined previously, the safety of probiotic products has only recently
been considered as an issue warranting further investigation (Liong, 2008).

A proportion of included studies reported on the presence or absence of serious adverse
events following the Food and Drug Administration definition. Results for serious adverse event
varied across RCTs, sometimes favoring the probiotics group and sometimes the control group,
and differences across probiotic and control group were not statistically significant. The same
result was obtained for Lactobacillus and Saccharomyces interventions, but there were too few
studies (Bifidobacterium) or no studies (Streptococcus, Enterococcus, Bacillus) in order to
analyze serious adverse events for other genera, as studies did not report on the presence or
absence of serious adverse events. The reporting of adverse events appears to have improved in
recent years, presumably due to stricter guidelines and higher standards imposed by journals, for
example, making it mandatory to report on adverse events when reporting the results of RCTs
(e.g., Item 19 of the CONSORT statement, “All important harms or unintended effects in each
group”). Relevant to this review is that the reporting of the presence and absence of infections
has increased in particular, possibly a reaction in part to the PROPATRIA trial reported by
Besselink et al. (2008).

We also investigated pertinent subgroups that were of particular interest to this evidence
report. Most notably, we did not find evidence that health-compromised patients were at
increased risk of experiencing more serious adverse events than health-compromised control
group participants. However, it has to be taken into account that the monitoring and reporting of
adverse events is lacking, existing interventions were again primarily Lactobacillus
interventions, and future assessments may come to different conclusions as the evidence base
improves.

Key Question 6. How does harm associated with Lactobacillus,
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and
Bacillus relate to use of concomitant antibiotics, confounding diet therapies,
corticosteroid use, immune suppressants, or other potential confounders?
Multivariate analyses in primary research studies are suitable to systematically trace
interactions between cointerventions and probiotic use. In studies where some of the participants

use these cointerventions while others do not, this factor and its effect on the study outcome can
be investigated. We did not identify studies meeting the review inclusion criteria that reported
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statistical interactions between concomitant antibiotics, diet therapies, corticosteroid use, or
immune suppressants and probiotics.

Although the risk of adverse events in general might be higher in participants on multiple
medications, the crucial issue for this Key Question is whether participants in probiotics
interventions are more likely to experience adverse events compared to corresponding control
group participants. Interactions between comorbidities and cotreatments are complex research
questions (Fitzgerald, 2010). For example, we might assume an interaction between
corticosteroids and probiotics when studies in participant samples using corticosteroids report a
higher risk ratio of adverse events than other studies. In subgroup analyses of identified studies
in which the intervention participants as well as the control group participants received
corticosteroids, we found no statistically significantly increased risk of adverse events for
intervention participants compared to control.

Probiotic interventions have been the focus of much research interest for the prevention of
side effects associated with antibiotics (Abernethy, 2008; Cots, 2008; D'Souza, 2002; Doron,
2008; Elmer, 1998; Jack, 2010; Johnston, 2005; Johnston, 2006; Kale-Pradhan, 2010; Katz,
2006; Marshall, 2008; McFarland, 2005; McFarland, 2009; McFarland, 2006; Oldfield, 2008;
Rohde, 2009; Ruszczynski, 2008; Szajewska, 2005; Szajewska, 2006; Wilcox, 2009; Young,
1998; Zou, 2009). While efficacy studies for the prevention of side effects were not eligible for
inclusion in the review, we included those studies that addressed side effects of probiotics in
addition to side effects of antibiotics where feasible, through the design and the adverse event
monitoring of the study. Across RCTs, there was no evidence for a statistically significantly
increased risk of adverse events for intervention participants compared to controls or an
interaction between antibiotics and probiotics.

We identified only a few studies with concomitant diet therapies. Studies in participants
using immune suppressants were also largely absent in the existing literature and patients on
immune suppressants were systematically excluded from a number of RCTs. The existing
evidence base is not sufficient to draw any meaningful conclusions from adverse events observed
in the few studies that addressed these patients.
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Future Research

Our search of the published literature on probiotics failed to uncover answers to several of
the questions posed by the sponsors and identified little information on several of the organisms
of interest. Performing a formal gap analysis was beyond the scope of the review; however a
major aim of these recommendations for future research must be to fill in the research gaps we
identified.

Monitoring and reporting. Future studies should describe the intervention and the results of
interventions in more detail. This improved description would entail, first of all, documenting the
investigated product with regard to the genus, species, and strain. As technology and methods
develop, this should also entail a more reliable, DNA-based validation of the characteristics of
the included microorganisms, that is, the valid identification of the studied organism and the
purity or the identification of all included microorganism in the study product. There is a need
for more reliable information on the identity, potency, and viability of the included
microorganisms given to participants at the time of the intervention as this may depend on the
storage and delivery vehicles chosen for interventions.

Future studies should describe which adverse events were monitored to allow a clearer
overview of the presence and absence of adverse events in probiotics studies, in order to quantify
the risk of adverse events for future intervention participants. The reporting of adverse events
should follow reporting guidelines such as the extension of the CONSORT statement for harms
(loannidis, 2004). In addition, there are comprehensive systems for cataloging adverse events
such as the CTCAE system. The mention of adverse events almost in passing, as is typical for
the existing literature, is hindering knowledge accumulation.

Generally, it should be standard to monitor and report on adverse events in interventions;
general research into microbial behavior and early toxicity investigations cannot replace
empirical evidence for the presence and absence of adverse events in studies aiming to reduce
risk for, prevent, or treat diseases in human participants.

Study designs. Long-term effects of probiotics interventions are largely unknown and should be
considered in future studies; despite the large number of publications on probiotics, there is a
lack of long-term assessment studies. There is also a need to evaluate the long-term use of
probiotics, that is, intervention durations of more than a few weeks, as are currently typical. In
addition, the current literature is dominated by clinical research studies; large cohort studies
following populations who have self-selected to use probiotics as dietary supplements or food
components are needed to fully understand the effectiveness and safety of probiotics. Population
surveillance studies and case-control studies are largely absent from the literature.

Research questions. Studies are needed to explore potential adverse events associated with
interventions that include the genera Enterococcus and Bacillus, and possibly the use of some
Streptococcus species, as well as the use of Saccharomyces in some patient groups; the majority
of existing studies report on Lactobacillus, alone or in combination with other genera, most
commonly Bifidobacterium strains. In addition, it is possible that safety results differ not only by
genus but also by species or strains; hence, all probiotics research studies should report adverse
events and not rely on results obtained with other species or strains.
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The current literature rarely reports assessment efforts to monitor harms specific to
probiotics, and more targeted assessments may change our understanding of the safety of
probiotics from what is presented in this evidence report. The harms assessment should consider
safety issues warranting further investigation as documented in this review. This process would
include systematically monitoring for infections associated with probiotic organisms. Critical
patient outcomes such as all-cause mortality or hospitalizations as well as treatment failures as
suggested by reports of failed efficacy and effectiveness studies (for example, allergy
sensitization) should be assessed in future primary research using controlled trials. Reviews
should consider all studies measuring the outcome regardless of whether that outcome was
utilized to evaluate the efficacy of the intervention or observed as an adverse event.

There is also a lack of studies addressing complex research questions such as interactions
with participant, product, or intervention factors associated with the use of probiotic products.
These effects should be addressed with appropriate multivariate analyses, or where possible, in
head-to-head comparisons. With regard to participant characteristics studies evaluating effects on
elderly participants are largely absent from the current literature. There is indication that
participants with compromised health should be monitored closely for potential adverse events
associated with probiotics, such as through the use of data monitoring boards. Controlled trials
are needed to determine whether these patients are more likely to experience adverse events
compared to control groups with similar participant characteristics, in order to address risk-
benefit questions. Interactions with delivery vehicles, in particular yogurt and dairy products,
should be investigated further in direct, head-to-head comparisons in order to fully understand
the effect of these vehicles.
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Conclusions

Despite a substantial number of publications on probiotics little evidence is available to
answer specific questions regarding their safety in research studies. RCTs and case studies
diverge in the outcomes they report, there is a lack of assessment and structured reporting of
adverse events, and interventions are poorly documented. The available evidence in RCTs does
not indicate an increased risk; however, rare adverse events are difficult to assess and the current
literature is not well equipped to answer specific questions on the safety of probiotics in
intervention studies with confidence. To quantify potential health risks the presence and absence
of adverse events should be reported, adverse events should be monitored (particularly in health-
compromised participants), infections due to the administered organisms and treatment failures
should be documented; and the effect of delivery vehicles should be assessed systematically. In
addition, few studies currently exist that report on effects in the elderly, the long-term effects of
probiotics use, or on interventions based on genera other than Lactobacillus. These limitations
hinder conclusions regarding the safety of probiotics used to reduce risk and prevent or treat
disease.
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Acronyms and Abbreviations

AHRQ - Agency for Healthcare Research and Quality

ATCC - American Type Culture Collection

CAERS - CFSAN Adverse Event Reporting System

CBER - Center for Biologics Evaluation and Research

CCTs - controlled clinical trials

CFSAN - Center for Food Safety and Applied Nutrition

cfu — colony forming units

CI - confidence interval

CTCAE - Common Terminology Criteria for Adverse Events classification system
DARE - Database of Abstracts of Reviews of Effects

EFSA — European Food Safety Authority

EPC — Evidence-based Practice Center

FAO/WHO - Food and Agriculture Organization of the United Nations and the World Health
Organization

FDA - Food and Drug Administration

GRAS - generally recognized as safe

IND - investigational new drug

ITT — intention-to-treat

MANTIS — Manual, Alternative and Natural Therapy Index System
NCCAM - National Center for Complementary and Alternative Medicine
NCI-CTC - National Cancer Institute Common Toxicity Criteria

NTIS — National Technical Information Service

ODS - National Institutes of Health Office of Dietary Supplements

RCT - randomized controlled trial

RD - risk difference

RR - risk ratio

SAE - serious adverse event

TEP — Technical Expert Panel
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Appendix A. Exact Search Strings and List of
Manufacturers

Exact Search Strings

LIBRARY

Probiotics—Search Methodologies
SEARCH #1:

DATABASE SEARCHED & TIME PERIOD COVERED:
PubMed — 1966-8/2010

SEARCH STRATEGY:

probiotic* OR prebiotic* OR pre-biotic* OR synbiotic*
NOT

animals NOT humans

SEARCH #2:
DATABASE SEARCHED & TIME PERIOD COVERED:
Cochrane Database of Systematic Reviews via OVID Online Service — All dates

SEARCH STRATEGY:
probiotic* OR prebiotic* OR synbiotic* {No Related Terms}

NUMBER OF ITEMS RETRIEVED: 27

SEARCH #3:
DATABASE SEARCHED & TIME PERIOD COVERED:
Cochrane Database of Abstracts of Reviews of Effects (DARE) — All dates

SEARCH STRATEGY:
probiotic* OR prebiotic* OR synbiotic* {No Related Terms}

NUMBER OF ITEMS RETRIEVED: 17

SEARCH #4:
DATABASE SEARCHED & TIME PERIOD COVERED:
Cochrane Central (Controlled Clinical Trials Register) — All dates

SEARCH STRATEGY:
probiotic* OR prebiotic* OR synbiotic* {No Related Terms}
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SEARCH #5:
DATABASE SEARCHED & TIME PERIOD COVERED:
CINAHL with Full Text — 1981-8/2010

SEARCH STRATEGY:

TI ( probiotic* OR prebiotic* OR synbiotic* ) OR AB ( probiotic* OR prebiotic* OR synbiotic*
) OR SU ( probiotic* OR prebiotic* OR synbiotic* )

Search modes - Boolean/Phrase

SEARCH #6:
DATABASE SEARCHED & TIME PERIOD COVERED:
NTRL — National Technical Reports Library (NTIS database) — ~1800-8/2010

SEARCH STRATEGY:
probiotic OR probiotics OR prebiotic OR prebiotics OR synbiotic OR synbiotics

NUMBER OF ITEMS RETRIEVED: 99
NUMBER OF RELEVANT ITEMS RETRIEVED AFTER INITIAL SCREENING: 12

SEARCH #7:
DATABASE SEARCHED & TIME PERIOD COVERED:
Toxline/Toxfile — 1964 — 8/2010

SEARCH STRATEGY:
probiotic* OR prebiotic* OR synbiotic*

SEARCH #8:
DATABASE SEARCHED & TIME PERIOD COVERED:
Allied & Complementary Medicine via DIALOG Online Service File 164— 1984-8/2010

SEARCH STRATEGY:
probiotic? OR prebiotic? OR synbiotic?

NUMBER OF ITEMS RETRIEVED: 134

SEARCH #9:

DATABASE SEARCHED & TIME PERIOD COVERED:

MANTIS (Manual, Alternative, and Natural Therapy) via DIALOG Online Service File 91 —
1880-5/2009
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SEARCH STRATEGY:
probiotic? OR prebiotic? OR synbiotic?

NUMBER OF ITEMS RETRIEVED: 238

SEARCH #10:
DATABASE SEARCHED & TIME PERIOD COVERED:
Academic Universe Company Profiles

SEARCH STRATEGY:

(probiotic! OR prebiotic! OR synbiotic!) AND (sic(mfg OR manufact! OR preparation) OR
naics(mfg OR manufact! OR preparation))

AND

U.S. OR intenational companies

NUMBER OF ITEMS RETRIEVED: 355

SEARCH #11:
DATABASE SEARCHED & TIME PERIOD COVERED:
Embase — 1974-8/2010

SEARCH STRATEGY:

probiotic? OR prebiotic? OR synbiotic?
AND

Human

SEARCH #12:
Agricola - 1970 — 8/2010

SEARCH STRATEGY:

probiotic? or prebiotic? or synbiotic?

AND

safe? or harm? or adverse or death or complication? or toxic?

NUMBER OF ITEMS RETRIEVED: 506

List of Manufacturers

The table lists manufacturers of probiotic, prebiotic or synbiotic products. The companies
were identified searching the web pages of the IPA and ISAPP, www.usprobiotics.org, the
database Nexis, the NLM Dietary Supplements Labels Database, a Google product search,
examples listed in published papers and guidelines (e.g., World Gastroenterology Organisation
Practice Guideline; Douglas & Sanders, 2008), and personal files (all searched May 2009).
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Identified Manufacturers

Manufacturer
1. 21st Century HealthCare, Inc.
2. 4Life Research
3. Abbott Laboratories
4, ADM Alliance Nutrition, Inc.
5. Advanced Muscle Science
6. Agropur
7. Agtech Probiotic Fertilizers
8. Alacer Corporation
9. Albertsons
10. Alcon Laboratories, Inc
11. Allergy Research Group
12. ALVA-AMCO Pharmacal Cos, Inc.
13. American Health, Inc.
14. American Ingredients Inc.
15. American Nutrition
16. Amerifit Brands, Inc.
17. AmVac
18. Anthony Robbins Companies
19. Applied Nutriceuticals
20. Applied Nutrition
21. Ardeypharm
22. Aria Foods
23. Arthritis Research Corporation
24. Asahi Kasei Corporation
25. AST Sports Science
26. Atkins Nutritionals, Inc.
27. Attune Foods
28. Bally Total Fitness Corporation
29. Barlean's Organic Oil
30. Barry Callebaut AG
31. Bausch & Lomb
32. Bayer Corporation/Consumer Care Division
33. Bayer Health Care (Phillips”)
34. Belvedere Jay Brands
35. Beneo-Orafti
36. Berkeley Premium Nutraceuticals, Inc.
37. Bio Human Netics, Inc.
38. Biobank Co
39. Biocodex
40. BioGaia AB
41. Biolmmersion
42. Bio-k Plus
43. BioNatures
44. Biotech Corporation
45. Biotech Research
46. Biotest Brands
47. Biotics Reaearch Corporation
48. Blairex Laboratories, Inc.
49. Block Drug
50. Bradley Pharmaceuticals
51. Bradley Pharmaceuticals Inc
52. Brewster Foods
53. Bristol-Meyers Squibb Company
54. Bronson Laboratories
55. BSN
56. California Academy of Health, Inc.




57. Calpis USA Inc.

58. Carb Wise

59. Cargill Texturizing Solutions

60. CCA Industries, Inc.

61. Cerbios-Pharma

62. Champion Nutrition, Inc.

63. Chattem, Inc.

64. China Meihua Biological Technology

65. China-Biotics

66. Choongang Biotech Co Ltd

67. Chr. Hansen

68. Clinicians Choice Inc.

69. ConAgra Foods

70. Contract Pharmacal Corp.

71. Coromega Corp.

72. Costco Wholesale Corporation (CWC), Inc.
(Distributor)

73. Country Life

74. CSA Nutraceuticals, LLC

75. Culturelle/Amerifit Brands

76. Custom Probiotics

77. CytoSport, Inc.

78. Danisco

79. Danone/Dannon

80. Desert Health Products Inc

81. Designs For Health

82. Doctord€™s Best, Inc.

83. Douglas Laboratories

84. Dow

85. DrNatura

86. DSM Food Specialties France SAS

87. EAS (Experimental and Applied Sciences)

88. Eclectic Institute

89. Ecological Formulas/Cardiovascular Research
Ltd.

90. Emerald Laboratories

91. EnCoate

92. Encysive Pharmaceuticals Inc

93. Eniva Corporation

94. Enzymatic Therapy, Inc.

95. Epic Nutrition

96. Ergopharm

97. Essential Formulas Inc

98. Fenchem

99. Flora

100. | Fonterra Co-operative Group Ltd.

101. | Futurebiotics, LLC

102. | Futureceuticals

103. | Gaia Herbs

104. | Ganeden Biotech

105. | Garden of Life

106. | Gatorade Company, The

107. | General Mills

108. GeneThera, Inc.

109. | GenMont Biotech

110. | GlaxoSmithKline (GSK)

111. | Global Health Trax Inc

112. | GNC (General Nutrition Companies), Inc.

113. | Great Ocean Ingredients




114.

GTC Nutrition, LLC

115. GumRunners, LLC

116. Harmonium International

117. | Health & Nutrition Systems International Inc
118. Health Asure, Inc.

1109. Health Plus, Inc.

120. | Healthy N Fit Nutritionals

121. | Healthy Origins Products

122. | Hello Imports, LLC

123. | Hunan Taizinai Group Co Ltd
124. HVL, Inc./Douglas Laboratories
125. | IDS Sports

126. | Imagenetix, Inc.

127. Inkine Pharmaceuticals

128. Institut Rosell Lallemand Inc

129. Inverness Medical Innovations, Inc.
130. lovate Health Sciences U.S.A. Inc.
131. | IR Biosciences Holdings Inc

132. Irwin Naturals

133. | iSatori Technologies

134. ISS Research

135. | J.R. Carlson Laboratories

136. | Jarrow Formulas

137. | Jay Robb

138. | Kellogg (Canada and USA)

139. | Kendy USA

140. Kibow Biotech

141. Klaire Labs

142. Klein-Becker USA

143. Kmart

144. | Koninklijke Friesland Foods

145. Kraft

146. Labrada Nutrition

147. LacPro

148. | Larkspur Wren Industries

149. | Leiner Health Products Inc. (LHP, Inc.) (Dist.)
150. Lichtwer Pharma

151. Life Enhancements Products, Inc.
152. Life Extension Foundation

153. Life Plus International

154. | Lifeway Foods

155. LifeWise Naturals

156. | Longs Drug Stores Corporation
157. | Mayor Pharmaceuticals Laboratory, Inc.
158. McNeil Nutritionals

159. | Mead Johnson & Company

160. | Meiji Dairies Corporation

161. Merck

162. Merz Pharmaceuticals, LLC

163. Metabolife International, Inc.

164. | MET-Rx Engineered Nutrition
165. | MGI GP Inc

166. | Michael's Naturopathic Programs
167. | Mission Pharmacal Company
168. Molecular Nutrition, LLC

169. Montana Naturals, Inc.

170. | Morinaga Milk Industry

171. | MRM-USA

172. Muscle Marketing USA, Inc.




173. | MuscleTech Research and Development Inc.
174. | Naked Juice Company

175. | Nancy's Yogurt

176. Natrol, Inc.

177. Naturade

178. Natural Balance, Inc.

179. | Natural Bridges Products, Inc.
180. Natural Factors

181. Natural Factors Nutritional Products Inc.
182. | Natural Organics Inc.

183. Natural Products, Inc.

184. | Naturally Vitamins

185. Nature Made Nutritional Products
186. Nature’s Sunshine Products Inc
187. | Nature’'s Way Holding Company
188. Natures Answer

189. Natures Benefit

190. Natures Best Inc

191. Natures Bounty, Inc.

192. Natures Resource Products
193. Natures Secret

194, Natures Sunshine

195. | Natures Way Products, Inc.
196. Nebraska Cultures

197.

198. Nestlé Nutrition USA

199. Nestlé Purina

200. | New Chapter

201. New York Health Care, Inc.
202. NewMark

203. | Newmark (NMK)

204. | Newmark / New Chapte...

205. Next Foods

206. Next Proteins International

207. NFI Consumer Products

208. NIZO Food Research B.V.

209. | Norrmejerier

210. North Star Nutritionals

211. Northwest Natural Products
212. Novartis Consumer Health, Inc.
213. Novato Swan Research

214. | Novogen Ltd

215. | Now

216. Now Foods

217. Nutracea

218. | Nutraceutical Corporation

219. | Nutraceutical Science Institute (NSI)
220. Nutraceutix

221. Nutramax Laboratories, Inc.
222. NutraSanus

223. | NutriCology, Inc.

224, Nutri-Health

225. Nutrition Now, Inc.

226. Nuvim, Inc.

227. NxLabs

228. | Olympian Labs Inc.

229. | On The Rock Nutrition

230. | Optimal Therapeutics, Inc.

231. | Optimum Nutrition




232.

Oragenics Inc

233. | Organobalance GmbH

234. | P.L. Thomas & Company

235. Passion 4 Life, LLC

236. PatentHealth, LLC

237. Performance Labs, Inc.

238. Pharmanex

239. Pharmaton

240. Pharmavite, LLC

241. | Physician Formulas

242. | PhysiolLogics

243. | Planetary Formulas

244, Premier Nutrition

245, Probi

246. | Probi AB

247. Probiomics Ltd

248. Probiotical

249. Procter and Gamble

250. Prolab Nutrition

251. Pulmuone — Wildwood

252. Pure Encapsulations, Inc.

253. | Pure Prescriptions, Inc.

254, Pure Research Products

255. | PureTek Corporation

256. Puritans Pride

257. | Qingdao Eastsea Pharmaceutical Co
258. | Quantum Health

259. | Questcor Pharmaceuticals Inc
260. Radiance Vitamins

261. | Rainbow Light

262. | Rainbow Light Nutritional Systems
263. Real Health Laboratories, Inc.
264. | Remington Health Products
265. Renaissance Herbs, Inc.

266. Renew Life

267. ReNew Life Formulas, Inc.

268. Renutra/Pivotal Health Solutions
269. Rexall Sundown, Inc.

270. Richardson Labs, Inc.

271. RidgeCrest Herbals, Inc.

272. | Rite Aid Company (Distributor)
273. | Sanofi-Aventis

274. | Sausalito Lark Systems

275. | Schiff

276. | Schiff Products, Inc. (Distributor)
277. | Sedona Labs

278. Sensus

279. | Shaklee Corporation

280. Sigma-Tau Pharmaceuticals, Inc.
281. Slimfast Foods Co.

282. | Solgar

283. | Solvay

284. | Somaxon Pharmaceuticals

285. | Spectrum Essentials

286. | Spectrum Organic Pro...

287. | Spectrum Organic Products, Inc.
288. | Super Nutrition Inc.

289. | Synbiotics

290. | Synbiotics Corporati...




291.

Ta'am-Teva Altman

292. | Target Corporation (Distributor)
293. | Tensall Bio-Tech Company, Limited
294. | The WholeSoy Co.

295, Tiburon Cardinal Laboratories
296. Trace Minerals Research
297. | Trader Joes (Distributor)

298. | Transitions For Health, Inc.
299. | TrimSpa

300. | Tropical Oasis Inc.

301. | Twinlab Corporation

302. | Twinwealth Biotech

303. U.S. Nutrition

304. UAS Laboratories

305. Udos choice

306. Ultimate Nutrition

307. Unilever

308. Universal Nutrition

3009. Upsher-Smith Laboratories, Inc.
310. Urex Biotech

311. | Valio Worldwide

312. | Vincent Foods, LLC

313. | Vitabase

314. | Vitamin Shoppe, The

315. Vitamin World, Inc.

316. | Vitarich

317. | VPX (Vital Pharmaceuticals)
318. | VSL Pharmaceuticals

319. | Wakunaga of America

320. | Weider Nutrition Group

321. | Weil Nutritional Supplements
322. | Wellements

323. | Western Research Laboratories
324. Whole Health Products, LLC
325. | Winclove

326. | Windmill Health Products
327. | Wonder Laboratories

328. | World Nutrition, Inc.

329. | World Organics Corporation
330. | WorldWide SportNutrition
331. | Wyeth

332. | Wyeth Consumer Healthcare
333. | Yakult

334. Yerba Prima

335. Zoller Laboratories




Appendix B. Sample Data Extraction Forms

ID: Reviewer:
First Author, Year:

LAST NAME ONLY, PUBLICATION YEAR

Number of pUbliC&tionS: ENTER “10F 1’ IF ONLY ONE

Description and IDs of related papers (if more than one

publication) -

Study Details & Participant Information

Country

Country category CHECK ALL THAT APPLY
US e O
U1 (o] oL PSS O
Asia (Japan, China, Taiwan, Korea, Singapore) .[J
Other OF N/a ..o O

StUdy design CIRCLE ONE
Case StUAY [1C] wevrereeeeierieneenieseeie e 0
Case series (uncontrolled) [1a,b]....cccccvvvierrinnenn, 1
Case-Control (probiotics as risk factor) [1d.¢e].....2
Cohort study (comparing 2 cohorts) [1d.e] ........... 3
Controlled clinical trial (controlled by investigator) [1a,b] 4
Parallel RCT [18,6] ..cvcovvevievieeiieiiiecee e 5
Other: O
NJA oo s O

Mechanistic study — could the study be described as a mechanistic study (e.g.
investigating how, why probiotics may work)? [1f]  cireteone

NO e 0

Unclear - Somewhat unclear ..........c.cccooevvennenne. 1

R =PRI 2
Source: CIRCLE ONE

Conference abstract, letter..........ccoevevviiiveeinneene 0

Unclear - Somewhat unclear ...........c.cccoevenenee. 1

Journal article........ccoovveveeieiciie e, 2
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Was the safety of probiotics the main aim of the paper?

NO 0
Unclear - Somewhat unclear ...........c.cccocoveeenne 1
Y S e 2

100 e 0
0 R 1
L1004 o 2
N/a = UNCIBAN.......eeiveiiriiie e O

Age at exposure to probiotics[4]

Young (prenatal to teens) .........ccceeveriieieninnne. 0
AdUIt o 1
Elderly (> 65 YIS) c.vooeieiveeieeieicse s 2
n/a, multiple — no info or Mix ........ccccceevevenenn, O

Age at data collection category (majority groups) [4]

CHECK ALL THAT APPLY
Prenatal .......oooveveiienceee e, a
Newborns (1 mos).......ccovrvevrireienneeresierenn, O
Infants (>1 - 12 MOS)....cccvvevverieieerere e e O
Toddlers (>12 - 24 MO0S)....ccveverereresereseareanns O
Children (> 2 t0 11YrS)..cccccvveiveieieiesere e O
TeeNS (12 - L7YFS) ot O
AdUIES (18 - 65 YIS) c.veveeiiirieieiieeesie e O
Elderly (> 65 YrS) ...cooeveiiieiieeee e, O
VX e O
Other: ...d
N/a—N0INFO ..o, O

Gender [4d]: % Female:
Other info (if no % is given):

[ “Mostly female” [ “Mostly male”
' O n/a - no info, not reported

Race and ethnicity [4d]: Did the study target a particular demographic group or
reported subgroup analyses for particular groups?

[ n/a - no particular group; no
info
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Disease or immunologic status [4d]: Does the study focus on patients with any of the

following health conditions?

CHECK ALL THAT APPLY . CONSIDER ONLY SUBSTANTIAL NUMBER OF PATIENTS, NOT 1 PATIENT WITH IBS WITHIN HEALTHY SAMPLE

[ Healthy participants
O Cancer

O Obesity
[ Gastrointestinal (unspecified)

O 1BS
O 1BD

O Dermatologic (unspecified)
O Eczema
O Atopic dermatitis

O Immunologic (unspecified)
O Vaginal yeast infection
O H. pylori

O Other health condition: seeciry

O Exposure to toxins
O Intestinal detox therapy
O Short gut syndrome

O Diarrhea
O Colitis
O Crohn’s disease

O Invasive devise
O Immuno-compromised, HIV
O Chronic infection

O Lactose intolerance
O Allergies (not lactose)

[ Other health condition: seeciry

[ Other health condition: seeciry

O Other health condition: seeciry

[ n/a — not specified, none of the above

Overall, assuming a continuum ranging from healthy to clinically high risk what

describes the participants best [4d]
Generally healthy.....................
n/a - medium, neither, unclear
High risK ..o

CIRCLE ONE
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Exclusion criteria: does the study explicitly exclude

the foIIowing groups’? CHECK ALL THAT APPLY
Newborn or infants, under 2 years .................... |
Older participants (>65) .......cccccoevvveivevverereennn O
Immune compromised, critically ill, high risk ..
Pregnant WOmMEeN..........ccccveverveniesesieseseeie e O
Other (recurrent) group: seeciey
.0
n/a — not specified, none of the above............... O
Probiotic function CIRCLE ONE
None specifically / nutrition (e.g. contained in yoghurt) 1
Prevention ........ccoccoeveienensienenee e, 2
Treatment (e.g. to counterbalance adverse effects of antibiotics 3
Varies - Varies by participant ............c.ccoeevnnne. 4
N e 5

Does the study include any of the following co-treatments (confounders) [6]?

CHECK ALL THAT APPLY

Concomitant antibiotics .........ccccovveeieeiiveeenennn O
Diet therapies .......ocovvvereeeeiee e |
CortiCOSteroid USE .......cvevvevveereerieirieireeere e O
IMMUNE SUPPIESSANTS ...vvevvereeveriesresie e eree e O
Other, specify: .0
n/a - none of the above........c.ccoevveiecieccie i, O

Did the authors file an Investigation of New Drug (IND) form prior to the

research? [1a] CIRCLE ONE
NO e 0
Unclear - Somewhat unclear ..........ccccoooevvenennne. 1
R =PRI 2
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Describe the Main Probiotics Intervention and Control Group, if any, here

Intervention G FOUP ARrM 1IN CONTROLLED TRIALS WITH MULTIPLE ACTIVE ARMS

ADD MORE INTERVENTION PAGES AND STAPLE TO THE BACK OF THIS FORM IF THERE ARE MORE THAN
2 TREATMENT ARMS WHERE PROBIOTICS WERE GIVEN.

Product name

Further product description (r necessary)

Delivery vehicle [3a]

CHECK ALL THAT APPLY

Infant formula...........coooieiiiin e, O
YOQUIL e O
Dairy drink (e.g.Yakult) .......cocoooviiiiiii O
Pill, capsule, gelcap ......cccoevvvvvivvivireieien, O

Mixed in with food (e.g. drops in porridge) ...

Other (SPECIFY, POTENTIALLY NEW CATEGORY?).

O
Varies by participants..........ccccoevvvvviviivcriernnnn, O
N/a, UNCIEAN ..o O

Target of intervention

Patient....cceeiieeee e O

Mother, patient in Utero..........ccccoocvveeiviennennn, O

N/a, UNCIEAT ...t O
Single - Single or probiotic mixture CIRCLE ONE

Mix of probiotiCs.......ccccvevveveereierc s 0

Varies by participant or unclear ............cc.co....... 1

1 probiotic strain only..........cccccovvivivcieiiiiieins 2

Control G FOU: DESCRIBE CONTROL GROUP HERE, NOT ANY ADDITIONAL ACTIVE ARMS FIRST

Control category (control group or other non-probiotic control)

None (uncontrolled study, Other probiotic ...................
NO Pre-test) cuvevvrvrervrnnnannns 1 Synbiotics ......cccoevererrrenn
Pre-test (no other control group) .2 Prebiotics .......ccccoeiiiinene.

Placebo ... 3 Other - specify:
Non-probiotic TX ......ccccceenee. 4 .
N/A - unclear .........cccceueee.

If “Other probiotic”, extract the following:

Product name

Product description (E.G. VSL CONTAINS...)

DeIivery vehicle [3q] CHECK ALL THAT APPLY
Infant formula ..o, O
YOQUI o O
Dairy drink (e.g.Yakult) .......ccooevvrvrvirinnenn, O
Pill, capsule, gelcap .......ccoovevveveverereirenenen, O

Mixed in with food (e.g. drops in porridge) ... O

Other (SPECIFY, POTENTIALLY NEW CATEGORY?).

O

Varies by participants..........cccocvevviviiveineinennenn, O

N/a, UNCIEAr .....cooveviicieee e O
Target of intervention CHECK ALL THAT APPLY

Patient ....ooveeeiiee e O

Mother, patient in Utero...........cccceeeevvrereennne. O

N/, UNCIEAT ..o, O
Single - Single or probiotic mixture CIRCLE ONE

Mix of probiotics (genus, species, strain) ......... 0

Varies by participant or unclear ............cc.c........ 1

1 probiotic strain only ..o, 2




Intervention Group

Synbiotic - Single or mixed probiotics and prebiotics? [3e] cireie one

Probiotic ONlY ..o 0
Varies by participant, unclear............cc.ccceeennee. 1
Synbiotic (probiotic and prebiotics) .................. 2
Genus investigated in the StUdy [3b] CHECK ALL THAT APPLY
LactobaCillus ..o O
Bifidobacterium..........cc.coovovveinniinie O
SaCCharOMYCES ...ocevvvvieereieiecie e O
SErEPLOCOCCUS ..o O
ENErOCOCCUS .....voviiiciieiiecc e O
BaCilluS......ccooviiiiiiiiee O
Varies by participant ..........ccocoeviiiinnenns O
N/ et e O

NOtES (e.c. STRePT. USED FOR FERMENTION)

Details of all contained ProbiotiCs srarte n/awHere NoT AvAILABLE

Control Group

Synbiotic - Single or mixed probiotics and prebiotics? [3e] cireLe one

Probiotic Only........ccccvvvvveiece e 0
Varies by participant, unclear .............cccceevenine 1
Synbiotic (probiotic and prebiotics).................. 2
Genus investigated in the StUdy [3b] CHECK ALL THAT APPLY
LactobaCillus ........ccoevvveveirceiecn e O
Bifidobacterium ........ccooovvvviieiicncee O
SaCCharOMYCES ...occvvveieiee e O
StrEPLOCOCCUS ...ovvvveirrerieieie et ste et O
ENtEroCOCCUS ....ocvvveieee e O
BacCilluS ......ccoooovveiiicc e, O
Varies by participant ..o, O
NJA e O

NOtES (e.c. STRePT. USED FOR FERMENTION)

Details of all contained ProbiotiCs srate n/awHere NoT AvAILABLE

Genus Species Strain Form (acrve, | Potency Genus Species Strain Form (acrve, | Potency
LYOPHILIZED, HEAT- (DOSE OF ACTIVE LYOPHILIZED, HEAT- (DOSE OF ACTIVE
KILLED / MICROORGANISM KILLED / MICROORGANISM
TYNDALLIZED) ACCORDING TO TYNDALLIZED) ACCORDING TO
PRODUCT LABEL) PRODUCT LABEL)

A A

B B

C C

D D

E E

F F

G G

H H




Intervention Group

Characterize the consumption of above probiotics creck acL THat appLy
Mix - Each participant consumes a mixture of the above

probiotic genera / only 1 strain..........ccccvevevereieicnninenn, O
Varies — Genera/strain/species and mixture/single genera

varies by participants..........c.ccoeovineinie O
M8 et O

Dose and frequency of above probiotics [4a]:

Dose Frequency
Number Unit Number Per
Varies by participant.............. O Varies by participant............ O
Varies over time .........c.ceenee. O Varies over time..........cc.o..... O
N/A e O N/A (it O
Route of administration [4c] CHECK ALL THAT APPLY
OFal v O
Enteral, feeding / nasal /G tube, jenunostomy. O
Intravenous catheter...........ccvvvvvrercciennn, O
Intravaginal .........ccccoovveveiiii e, O
TOPICAl v O
Other, specify: .0
Varies by participant and or genus.................. O
N/ o e O

Duration of probiotic use during study in months [4a]

Varies — Duration varies by participant........... O
n/a — no exact information on duration of use. O

Long term use — which category does the group fall into [4a]

Short term (< 1 month).......coecvevrrererisrinnnienn, 0
Medium, varies, or unclear...........ccc.coeevveerennenn. 1
Long term (=1 year) ....cococvverveeneiineneicenee 2
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Control Group

Characterize the consumption of probiotics CHECK ALL THAT APPLY
Mix - Each participant consumes a mixture of the above
probiotic genera / only 1 Strain .........ccocveeveivvveernicseieinns O
Varies — Genera/strain/species and mixture/single genera
varies by partiCipants .......ccocceoeeeereiene e O
N et O

Dose and frequency of above probiotics [4a]:

Dose Frequency
Number Unit Number Per
Varies by participant............... O Varies by participant............. O
Varies over time..........cc.c....... O Varies over time................... O
N/A e O N/A it O
Route of administration [4c] CHECK ALL THAT APPLY
Oral...coceec O
Enteral, feeding / nasal /G tube, jenunostomy.
Intravenous catheter ..........cccocovieviiencenennne O
Intravaginal .........cccooiiiiiiii e, O
TOPICAL ... O
Other, specify: .0
Varies by participant and or genus.................. O
NI e e O

Duration of probiotic use during study in months [4a]

Varies — Duration varies by participant........... O
n/a — no exact information on duration of use.

Long term use — which category does the study fall into [44]

Short term (<4 weeks) ..ovovvvvervreeienserereeenns 0
Medium, varies, or unclear..........ccc.cooevvveerennenn. 1
Long term (1 year) .....cooeevvereiiericisicreeesiene 2
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Verification

Was the dose of active microorganism verified?

No, not described, none of the below apply ........c.ccoceeeee. 0

SOMEWNAL UNCIBAT .......cveivrieiireiicecee e 1

YeS, VEMTIBU ..o 2

n/a, varied by participant, e.g. in observational
R L0 [0 )Y USRS O

Treatment Group (arm 1)

Potency (dose of active Test used to check the | Culture (patent or
microorganism) according amount of organisms repository / culture
to study test collection designation)

Number of viable bacteria per dose

Arm 2 if applicable

Contaminants mentioned? CIRCLE ONE
NO o 0
Somewhat unclear ...........cccceeeviiiieeeiec e, 1
Yes (specify )2
0 g To I (=1 TR PR USROS O
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Potency (dose of active Test used to check the | Culture (patent or
microorganism) according amount of organisms repository / culture
to study test collection designation)
Number of viable bacteria per dose
A
B
C
D
E
F
G
H
Contaminants mentioned? CIRCLE ONE
NO o 0
Somewhat unclear ..., 1
Yes (specify ) 2
N/ = N0 tEST..eviiiiiieee e O




Assessment

Assessed safety parameters - what did the study monitor (explicit
description of what they looked out for) [1a, 1d]

CHECK ALL EXAMPLES THAT APPLY IF EXACT WORDING WAS USED, OTHERWISE WRITE OUT OR MARK
CLEARLY IN TEXT COPY WHAT SHOULD BE ENTERED IN ACCESS

Death ..c.oociicii e O
SEIOKE oo O
ML O
Infections (not restricted to SEPSIS)....c..cccvvennene O
SBPSIS. cueieiir ettt O
FUNGEMIA. ..o O
ENdocarditiS........ccoovrvvireniiieneinenese e O
Deleterious physiologic/metabolic activity .....
AIEIGY .o O
Hematocytometric values..........cc.ccooeevereneennn. O
Liver and renal function ...........cccccooveeeinnnnn. O
DIarTNea....ccoveeereeieeeee e O
BIOALING ...veveevieeieree s O
Abdominal Pain ..........ccceereiiiineiies O

Adverse / unexpected events, side effects (hot
further specified but named outcome in
method SECtion) ........cccevveieviieviee e O

ENTER EXACT TEXT OR INDICATE WHICH TEXT SECTION SHOULD BE ENTERED

n/a (unclear, not specified) ....................... O

Was a published tool used to assess harms? [1a, d]creck aLL tHart appLy

NO, UNBIKElY.....ccoiiii e, 0
POSSIDIE ... 1
Yes speciry 2

Data collection - What method was used to record harms?

CHECK ALL THAT APPLY
Participant diary ........c.ccoeveivevverereninsesesnenenn, O
Participant questionnaire.............ccoceeeevvereennnn, O
Telephone iNterview..........cccecevevvviesvsesnenn, O
Healthcare provider assessment, face to face.. O
Other seeciry O
n/a—no info provided ...........ccocooviiniiinnnnn O
Duration of follow-up category CIRCLE ONE
Short-term (<6 months) ........cccccevevivvivrivivernne. 0
Unclear - Somewhat unclear ...........ccoceevverenene 1
Long-term (> 1 year).....cccoevevnenneicicesiee 2
Follow-up after consumption stopped CIRCLE ONE
No, consumption oNgoiNg ......cccoeevvrvreervereennns 0

Consumption has stopped (recently); unclear ..1
Consumption has stopped long ago (> 1 year) ..2

Hospital admission or lengthened hospitalization explicitly assessed?

[5] CIRCLE ONE
NO oottt 0
Possible — somewhat unclear ............. 1
= T 2
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Results n/a — none of the above [4d]........ccccooeiirnnene
Does the study describe an analysis to accomplish any of the
fO”OWing? CHECK ALL THAT APPLY
Differentiate probiotics and medication effects O
Differentiate effects of probiotics and
CONFOUNAENS ... O
Trace interactions between harms ..................... O
Trace interactions between probiotics and
medications (statistical interaction effect or

subgroup analysis [2a] .......ccccocevvvivineieeieenenn, O
L0 3 o] [T R O
No, none of the abOVEe .........cceevieeeveeiiicciee O

Effectiveness — according to the abstract (check conclusion) of the
publication is the probiotic intervention described as effective
(with regard to health outcomes other than harms) [4e] circLe one

NO e 0
Partially, unclear ...........ccccevveveieieiniieireene, 1
Y S ittt 2

Does the study provide a direct comparison (= within study
comparison, e.g. there are 2 groups in the study or the study
reports subgroup analyses) of any of the following: [4e]

Genera [3D] .ooveeeeeee O
SPeCies [30] oo O
Strains [3D] ...cooveieieiieee e O
Forms (e.g. active vs lyophilized) [3c]............ O
Delivery vehicles (e.g. milk drink) [3a] .......... O

Genera mix — single vs mixture of prob.genera [3d]C]
Genera mix — single vs mixture of prob.genera [3d]C]
Synbiotic mix — probiotics only vs probiotics and prebiotics mix [3e]O

DO0SE [4a] .evveveeriiiectieieiee e O
Timing [4D] oo, O
Mode of administration (e.g. catheter) ............ |
n/a—none of the above.........c.cccovvviieiencnn O

Does the study provide subgroup analysis for any of the

following:
Gender [4d] oo O
AGE [Ad] e O
Ethnicity [4d]....ccciveeiiiiiicceeee s O

Disease or immunologic status (healthy vs high risk) [4d]O
B-11




Assessed and Reported Harms for the Probiotics (Intervention) and Control Group

Blood and lymphatic system
Cardiac

Congenital, familial and genetic
Ear and labyrinth

Endocrine

Eye

Gastrointestinal

General and administration site
conditions

9. Hepatobiliary

N~ WNE

10.Immune system

11.Infections and infestations

12.1njury, poisoning and procedural
complications

13.Investigations

14.Metabolism and nutrition

15.Musculoskeletal/connective tissue

16.Neoplasms benign, malignant and
unspecified (incl. cysts, polyps)

17.Nervous system

If paper doesn’t distinguish between intervention and control group,

check here

O

Probiotics Intervention Group ARM 1IN CONTROLLED TRIALS WITH MULTIPLE ACTIVE ARMS

ENTER CODE, WRITE IN CATEGORY, AND COLLECT HARMS DATA

18. Pregnancy, puerperium
and perinatal conditions

19. Psychiatric

20. Renal and urinary

21. Reproductive system,
breast

22. Respiratory, thoracic,
mediastinal

23. Skin and subcutaneous
tissue

24, Social circumstances

25. Surgical and medical
procedures

26. Vascular

27. Other/Unclear, does
not apply

S | #of patients
Code| Harm A | naif Notes Control Group ONLY DESCRIBE CONTROL GROUP HERE, NOT ANY ADDITIONAL ACTIVE ARMS
E unknown ENTER CODE, WRITE IN CATEGORY, AND COLLECT HARMS DATA
S | # of patients
Code| Harm A | nfaif Notes
E | unknown
Patients with AEs (if clearly stated) [1]: or
NUMBER PERCENT
Patients with AEs (if clearly stated) [1]: or

Other information, above system does not apply
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Safety of probiotics used to reduce risk and prevent or treat disease: State of the research

NUMBER PERCENT

Other information, above system does not apply

Probiotics treatment Group

Timing and Duration: Is there information 1. on the time of onset of harm
and probiotic use (e.g., when did symptoms start in relation to probiotics
use) and 2. how long the harm was sustained after the intervention or
exposure stopped? [4b]

n/a - unknown, not mentioned O
YES (AESCHIDE)....viieieiiieiieie e O

DESCRIBE TIMING AND DURATION FOR EACH HARM SEPARATELY IF STATED

Hospitalizations: Number of (new) hospital admissions [5]

ONLY STATE O IF IT WAS EXPLICITLY ASSESSED

n/a - unknown, not mentioned........... O

Length of hospitalization [5]

| | | | days

n/a - unknown, not mentioned........... O

Did the study describe an antibiotic therapy designed to treat
unintended pathology caused by the probiotics? [1g]

CIRCLE ONE
NO s 0
Unclear — somewhat unclear .............. 1
T 2
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Was acquired antibiotic resistance and/or transferability reported?

[2b] CIRCLE ONE
N o 0
Unclear — somewhat unclear .............. 1
= T, 2
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Control Group

Timing and Duration: Is there information 1. on the time of onset of harm
and probiotic use (e.g., when did symptoms start in relation to probiotics
use) and 2. how long the harm was sustained after the intervention or
exposure stopped? [4b]

n/a - unknown, not mentioned O
YES (AESCHIDE)...uiiiiiiiiieiieiee et O

DESCRIBE TIMING AND DURATION FOR EACH HARM SEPARATELY IF STATED

Hospitalizations: Number of (new) hospital admissions [5]

ONLY STATE O IF IT WAS EXPLICITLY ASSESSED

n/a, unknown, not mentioned............ O

Length of hospitalization [5]

| | | days

n/a - unknown, not mentioned........... O

Did the study describe an antibiotic therapy designed to treat
unintended pathology caused by the probiotics?[1g]

CIRCLE ONE
NO oottt 0
Unclear — somewhat unclear .............. 1
D - T 2
n/a - N0 ProbiotiCS.......ccccevevvrieinennns O

Was acquired antibiotic resistance and/or transferability reported?

[2b] CIRCLE ONE
NO e 0
Unclear — somewhat unclear .............. 1
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Probiotics treatment Group

Was any other treatment (not antibiotics) for administered

organism reported? CIRCLE ONE
NO Lo 0
Unclear — somewhat unclear .............. 1
Yes,

Did the study describe methods for recovery of the administered
organism from the gastrointestinal tract, serum, mouth, vagina?

[1h] CIRCLE ONE
NO oottt 0
Unclear — somewhat unclear .............. 1
D = T 2

Control Group

Was any other treatment (not antibiotics) for administered

organism reported? CIRCLE ONE
NO e 0
Unclear — somewhat unclear .............. 1
Yes,2
Nn/a - N0 ProbiotiCS.......cccovvvveriiinenns O

Did the study describe methods for recovery of the administered
organism from the gastrointestinal tract, serum, mouth, vagina?

[1h] CIRCLE ONE
NO ... 0
Unclear — somewhat unclear .............. 1
Y Sttt 2
n/a, N0 ProbiotiCS.......ccevveveriiiiienns O

Add additional result pages and staple to the back of this form
if there is more than one treatment group using probiotics
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Quality Assessment

Level of evidence

Level of evidence

CIRCLE ONE

| (RCT, CCT) 1

I1 (Cohort, case-control) 2

I11 (case series, case studies, mechanistic studies)

Unclear O
Reporting

Product reporting: Was the consumed genus, species and strain clearly
reported or could be ascertained from the authors?

CIRCLE ONE

NO L 0
No, but info received from author 1
Yes 2
n/a (e.g. varies by participant) O
Assessment reporting: Were the assessed harms clearly reported?circie one
No (not clear what was monitored) 0
Somewhat unclear 1
Yes 2

Harms reporting: Were the observed (or the absence of) harms clearly
reported?

CIRCLE ONE

No 0
Somewhat unclear 1
Yes (n for all groups, for all AE) 2

B-16

Susceptibility to bias

Sample selection: Does the study design protect against selection bias?

CIRCLE ONE

No (e.g. case study, opportunity sample) 0

To some e§<tent (e.g. all patients in unit) 1
Yes (e.g. consecutive patients; explicitly
rEPreSENtatiVe) ......ccovveveereerieie e 2

Comparability of groups: Were the compared groups similar with regard to
prognostic factors for AEs, were they sampled from the same population;
or were there other differences apart from the intervention? circieone

No, not fully comparable 0

Probably but somewhat unclear 1

Yes (e.g. baseline values reported and comparable) 2

n/a (no control, not even pre in pre-post)......... O

Power: Was there a power calculation reported that considered an adverse

event? CIRCLE ONE
No 0
Very large sample or significant AE differences
reported 1
Yes 2

Exposure / compliance: Can we be certain that the participants consumed
probiotics as described and intended?

No, information on compliance missing and exposure

unclear 0

Probably 1

Yes, e.g. via catheter in hospital; assessed; ~80%

CIRCLE ONE

Surveillance: Was there a standardized and prompted assessment of harms?

CIRCLE ONE
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No, passive surveillance only, spontaneously reported

AE were recorded 0
Possible 1
Yes, active surveillance, structured assessment, part of
protocol 2

B-17

Randomization: Was the study described as randomized and was the
sequence generation for the randomization appropriate?

CIRCLE ONE

No, not described as randomized 0
Randomized but sequence unclear or not adequate
(allocated alternately, or according to date of birth,

hospital number) 1
Yes, randomized and adequate (table of random
numbers, computer generated) 2

Allocation concealment: If study was randomized, was the treatment
allocation concealed?

CIRCLE ONE

No (study personnel can predict group)............. 0

Unclear (possible, not enough information) ......1
Yes (cannot be predicted) 2

n/a (not randomized) ........cccoveeiiiinninieniens O
Participant blinding: CIRCLE ONE
No, unlikely 0

Possible, but unclear ..........ccoocooeiiiiinenie, 1
Yes 2
Outcome assessor blinding: CIRCLE ONE
No, unlikely 0

Possible, but unclear ..., 1
Yes 2

Dropouts: Are withdrawals and dropouts reported, including their original
group assignment, were the reason described and is the drop-out rate
acceptable, e.g. 20% short term, 30% long term?  circLeone

Partially (e.g. n reported, some reasons described) 1
Yes — reported, reason described, acceptable, no dr.o.
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Rate adjustment: When calculating rates of adverse events, were dropouts
and withdrawals analyzed as if they remained in the study for the

whole duration (unfair)'? CHECK DIRECTION OF ANSWER MODE AND CIRCLE ONE
Y S ittt 0
POSSIDIE ... 1
No, adjusted or no drop-outs 2
N/a (CASE StUAY) ..ovvevveeieeie e O

ITT: Was an intention to treat (ITT) analysis described for the effectiveness
data? (Were all participants' data included in the analysis,
according to the treatment group to which they were
originally assigned, regardless of whether they completed

the treatment/study? CIRCLE ONE
NO, UNHIKelY....cooieeeeee e 0
0Ty o] [T 1
Yes 2

n/a (no controls, no effectiveness analysis) O

Confounding — confounding factors were considered in the design or analysis

CIRCLE ONE

No, unlikely 0
Possible, but unclear ..., 1
Yes (e.g. multivariate analysis, RCT with explicit
similar co-interventions etc.) 2
Conflict: Is there potentially a conflict of interest CIRCLE ONE
Yes (funded by manufacturer) ...........cccceveennne. 0
Unclear (university aff. but no info on funding; meds donated)
............................................................................ 1
No (‘no conflict’ clearly stated) 2

General Applicability

Relevance: Is the study directly relevant to answering the review questions?

CIRCLE ONE
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Problematic study (e.g. doubts if AE is associated
with probiotics, e.g. case study, infection strain and
probiotics could not be shown as being identical)
Unclear (cocktail of meds, a number of alternative
explanations for AE or different AE rates; cross-over

studies) 1
Yes (specific probiotic only difference between
groups) 2




Appendix C. Evidence Tables

Evidence Table C1. Participant and study detail
Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Abrahamsson, |Sweden L RCT Journal Prenatal 48 Infants with [ n/a Prevention Antibiotics
2007 100+ Newborn family history of Steroids
Infant allergic disease
Agerbaek, 1995 [ Denmark StE |RCT Journal Adults 0 Healthy Healthy None -
11-100 participants nutrition
Aihara, 2005 Japan L RCT Journal |Yes Adults 30 High-normal n/a Milk protein | Treatment
11-100 blood pressure; allergy;
Mild hypertension Lactose
intolerance
Alberda, 2007 | Canada LB RCT Journal Adults 57 Critically ill; Prevention Antibiotics
St 11-100 Elderly
Allen, 2010 UK LB RCT Journal |Yes Newborn Risk of atopy-|n/a Prevention
100+ Infant infants
Anderson, 2003 [ n/a LB RCT Journal Adults 42 Elective n/a Prevention Antibiotics
St 100+ Elderly abdominal
surgery
Andriulli, 2008 | Italy L RCT Journal Adults 69 IBS n/a Treatment
100+ Elderly
Anukam, 2006 | Nigeria L RCT Journal Adults 100 Bacterial n/a Elderly Treatment Antibiotics
100+ Black vaginosis High risk
African
Anukam, 2008 | Nigeria LSt [RCT Journal Adults 100 Diarrhea; Treatment
11-100 Immuno-
compromised
Anukam, 2009 | Nigeria L RCT Journal Adults 100 Vaginal yeast | n/a Pregnancy Treatment Antibiotics
11-100 infection
Arunachalam, |[New Zealand B RCT Journal Adults 64 Healthy Healthy Elderly Treatment
2000 11-100 Elderly participants
Aso, 1992 Japan L RCT Journal |Yes Adults 13 Cancer n/a Prevention
11-100 Elderly
Aso, 1995 Japan L RCT Journal Teens 16 Cancer n/a Prevention
100+ Adults
Elderly
Awad, 2010 Egypt L RCT Journal Newborn |50 Neonate Prevention Antibiotics
100+ admitted to the
NICU
Baerheim, 1994 [ Norway L RCT Adults 100 Urinary tract | n/a Pregnancy Treatment
11-100 infection

C-1




Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Bajaj, 2008 USA LB RCT Journal Adults Nonalcoholic n/a Treatment
St 11-100 22 White, minimal  hepatic
3 Black encephalopathy
cirrhotics
Banaszkiewicz, |Poland L RCT Journal Toddler Constipation n/a Treatment Lactulose
2005 11-100 Children
Teens
Barraud, 2010 | France LB RCT Journal Adults 59 Patients  under High risk Treatment Antibiotics
100+ Elderly mechanical Pregnancy
ventilation
Barreto-Zuniga, | n/a LB RCT Journal Adults 21 Alcohol-related n/a Treatment
2001 11-100 Elderly liver cirrhosis
Basu, 2007 India L RCT Journal Infant 47 Acute watery | n/a Treatment
100+ Toddler diarrhea
Basu, 2007 India L RCT Journal Children 74 Persistent n/a Treatment
100+ diarrhea
Basu, 2009 India L RCT Journal Infant 51 Diarrhea n/a Treatment
100+ Toddler
Children
Beausoleil, Canada L RCT Journal |Yes Adults 52 Hospitalized n/a High risk Prevention Antibiotics
2007 11-100 Elderly patients on
antibiotics
Bellomo, 1979 [ Switzerland |E RCT Journal Newborn |36 Diarrhea; Healthy Treatment Antibiotics
#13195 11-100 Infant Gastroenteritis/
Toddler enteritis; toxic
Children dyspepsia;
Diarrhea
following
respiratory
infection
Bertolami, 1999 | Brazil StE |C-RCT Journal Adults 66 Mild to moderate | n/a Treatment Diet
11-100 primary
hypercholesterol
emia
Besselink, 2008 | The LB RCT Journal Adults 41 Acute n/a Prevention Antibiotics
Netherlands 100+ Elderly pancreatitis
Bin-Nun, 2005 | Israel B St [RCT Journal Infant 44 Very low birth Prevention
100+ weight
Black, 1997 n/a LB CCT Journal Adults 50 Healthy Healthy None - Antibiotics
11-100 participants nutrition
Boge, 2009 France LSt [RCT Journal Elderly 65 Healthy Healthy 5
pilot 11-100 participants
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Boge, 2009 France LSt [RCT Journal Elderly 63 Healthy Healthy 5
100+ participants
Borgia, 1982 Italy St RCT Journal Adults 50 Chronic n/a Treatment Antibiotics
100+ Elderly pulmonary
tuberculosis
Bousvaros, USA L RCT Journal Children 37 Crohn's disease |n/a Treatment Steroids
2005 11-100 Teens
White
85%,
Hispanic
4%, Black
8%
Bravo, 2008 Chile S RCT Journal |Yes Adults 77 Acute infectious | n/a High risk Treatment Antibiotics
11-100 Elderly disease Pregnancy
Brophy, 2008 UK LB RCT Journal Adults 30 Spondylarthropat | n/a High risk Treatment
100+ hy
Bruno, 1981 Italy E RCT Journal Adults 41 Enteritis n/a Treatment
11-100
Bruzzese, 2007 | n/a L C-RCT Journal Children 58 Cystic  fibrosis; [ n/a Treatment Antibiotics
11-100 Teens Chronically
Adults infected with
pseudomonas
Bu, 2007 Taiwan L RCT Journal Toddler 49 Chronic n/a Treatment
11-100 Children constipation
Chen, 2005 Taiwan L RCT Journal Adults 45 Partial adhesive | n/a Prevention
100+ Elderly small-bowel
obstruction
Chen, 2010 Taiwan L RCT Journal Children 43 Asthma and | n/a Treatment Steroids
100+ Teens allergic rhinitis
Chou, 2010 Taiwan LB RCT Journal |Unclear | Newborn (56 Preterm very low | n/a Prevention
100+ Infant birth weight infant
Toddler
Children
Chouraqui, France LB RCT Journal Infant 50 Healthy Healthy Prevention
2004 St 11-100 participants
Chouraqui, France LB RCT Journal |Yes Newborn |51 Healthy Healthy None -
2008 100+ Infant participants nutrition
Chui, 2009 China LBE |RCT Unclear Adults 27 Severe acute [ n/a Treatment
11-100 Elderly pancreatitis
Coccorullo, Italy L RCT Journal Infant 45 Functional n/a Treatment
2010 11-100 chronic
constipation
Connolly, 2005 | Sweden L RCT Journal |Yes Infant Family history of | Healthy None -
11-100 allergy nutrition
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Cooper, 2006 n/a B RCT Journal Newborn Infant of HIV None -
100+ Infant positive mother nutrition
Correa, 2005 Brazil B St [RCT Journal Infant 42 Inpatients n/a Breast Prevention Antibiotics
100+ Toddler receiving feeding
Children antibiotics
Cui, 2004 China Ba RCT Journal |Yes Adults 30 Diarrhea n/a Treatment
100+
Cunningham- USA L CCT Journal Other Immuno- Treatment
Rundles, 2000 11-100 compromised
Czaja, 2007 USA L RCT Journal |Yes Adults 100 Recurrent urinary | n/a High risk Prevention
11-100 83% tract infection Pregnancy
White, Lactating
13%
Asian, 3%
Native
American,
3%
Hispanic
Dadak, 2006 Czech L RCT Journal Adults 17 Long-term  ICU Treatment
Republic 11-100 patients
De Preter, 2006 | Belgium S C-RCT Journal Adults 51 Healthy Healthy None -
11-100 participants nutrition
de Roos, 1999 |The LSt [RCT Journal Adults 72 Healthy Healthy Treatment
Netherlands 11-100 participants
De Simone, Italy LB RCT Journal Elderly 48 Healthy Healthy None -
1992 11-100 participants nutrition
De Simone, Italy LB CCT Adults 50 IBS n/a Treatment
2001 St 100+ Elderly
Dekker, 2009 New Zealand | L RCT Journal |Yes Prenatal 49 Parent with | n/a Prevention
100+ Newborn allergic disease
Infant
Toddler
10%
Maori,
79%
European,
11% Other
Delia, 2002 Italy LB RCT Cancer; n/a Prevention
St 100+ Radiotherapy
Delia, 2007 Italy LB RCT Journal Cancer Elderly Treatment Radiation therapy
St 100+




Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Dewan, 2007 India LSt [RCT Journal Toddler Moderately to|n/a High risk Treatment Antibiotics
11-100 Children severely Diet
malnourished
Dolin, 2009 USA Ba RCT Journal |Yes Adults 76 IBS n/a High risk Treatment
11-100 Elderly Pregnancy
82% Lactating
Caucasian
Dubey, 2008 India LB RCT Journal | Yes Infant Rotavirus n/a Treatment
St 100+ Toddler diarrhea
Duman, 2005 Turkey S RCT Journal |Yes Adults 51 H. pylori; Non-|n/a Treatment Antibiotics
100+ ulcer dyspepsia;
Peptic ulcer
disease
Dupont, 2010 France LB RCT Journal |Yes Newborn Caolic n/a Treatment
11-100 Infant
Dylewski, 2010 | Canada L RCT Journal Adults 49 Taking antibiotics | n/a High risk Treatment Antibiotics
100+ Elderly Pregnancy
Breast
feeding
Ehrstrom, 2010 | Sweden L RCT Journal Adults 100 Bacterial n/a Pregnancy Treatment
11-100 vaginosis Breast
Vulvovaginal feeding
candidiasis
Eriksson, 2005 | Finland, L RCT Journal Adults 100 Bacterial n/a Pregnancy Treatment Antibiotics
Norway, 100+ Caucasian vaginosis Breast
Sweden 95% feeding
Falck, 1999 Sweden St RCT Journal | Yes Children Tonsillitis n/a High risk Treatment Antibiotics
100+ Teens
Adults
Felley, 2001 Switzerland |L RCT Journal Adults 34 H. pylori n/a Elderly Treatment Antibiotics
11-100 Pregnancy
Feng, 1999 China LB RCT Journal |Yes Teens 60 Diarrhea n/a Treatment
St 11-100 Adults
Folster-Holst, Germany L RCT Journal Infant 36 Atopic Dermatitis | n/a Treatment Steroids
2006 11-100 Toddler
Children
Forestier, 2008 | France L RCT Journal Adults 30 ICU patients with High risk Prevention Antibiotics
100+ Elderly nasogastric
feeding tube
French, 2009 Australia L RCT Journal Adults 58 Healthy Healthy Pregnancy None - Flu vaccination
11-100 participants nutrition
Frohmader, Australia LB RCT Journal Adults 33 ICU patients Treatment Antibiotics
2010 St 11-100 Elderly requiring enteral

nutrition through
feeding tube
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Fujimori, 2009 [ Japan B RCT Journal Adults 58 Colitis; Ulcerative | n/a Treatment Steroids
100+ colitis
Gade, 1989 Denmark St RCT Journal Adults 78 IBS n/a Pregnancy Treatment
11-100
Galpin, 2005 Malawi L RCT Journal Children 54 Healthy Healthy Elderly Prevention
100+ participants
Gao, 2010 China L RCT Journal Adults 49 Diarrhea n/a High risk Prevention Antibiotics
100+ Elderly
10% Asian
Garcia Vilela, Brazil S RCT Journal Adults Crohn's disease | n/a Elderly None - Antibiotics
2008 11-100 in remission Pregnancy nutrition Steroids
Breast
feeding
Gerasimou, Ukraine LB RCT Journal Toddler 38 Atopic Dermatitis | n/a High risk Treatment Diet
2010 11-100 Children Steroids
Gibson, 2008 Australia B RCT Journal |Yes Infant 77 Healthy Healthy Elderly None -
100+ Toddler participants nutrition
Gill, 2001 New Zealand | B RCT Journal Elderly 60 Healthy Healthy None -
11-100 participants nutrition
Gionchetti, Italy LB RCT Journal Adults 43 Ulcerative caolitis; | n/a Infants Treatment
2000 St 11-100 Relapsing Elderly
pouchitis
Gionchetti, Italy LBS [RCT Journal Adults 42 Ulcerative colitis | n/a Elderly Treatment
2003 St 11-100 Pregnancy
Goossens, The L RCT Journal Adults 55 Healthy Healthy None -
2003 Netherlands 11-100 participants nutrition
Gracheva, 1999 | Russia B CCT Journal |Yes Gl unspecific; Treatment Vitamins;
100+ Hepatitis B; Symptomatic
Acute intestinal treatment
infections;
Chronic intestinal
and digestive
tract conditions
Gruber, 2007 Germany L RCT Journal Infant 32 Atopic Dermatitis | Healthy High risk Treatment Steroids
100+
Guillemard, France LSt [RCT Journal Elderly 63 Healthy Healthy High risk Prevention
2010 100+ participants
Guyonnet, 2009 | UK LB RCT Journal Adults 23 Healthy Healthy Elderly None -
St 100+ participants Pregnancy nutrition
Breast
feeding
Habermann, Germany E RCT Journal Adults 50 Chronic infection; [ n/a Pregnancy Treatment
2001 100+ Elderly Chronic recurrent

bronchitis
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Habermann, Germany E RCT Journal Adults 71 Recurrent Healthy Pregnancy Treatment
2002 100+ sinusitis
Haschke- Chile L RCT Journal |Yes Infant Healthy Healthy None -
Becher, 2008 11-100 participants nutrition
Hatakka, 2008 | Finland L C-RCT Journal Adults 0 Hypercholesterol |n/a Treatment
11-100 emia
Heimburger, USA L RCT Journal 20 Tube-fed patients | n/a Prevention Antibiotics
1994 11-100
Hemmerling, USA L RCT Journal |Yes Adults 100 Healthy Healthy High risk None -
2009 11-100 83% white participants Pregnancy nutrition
Higashikawa, Japan L RCT Journal Adults 72 Diarrhea; n/a Pregnancy Treatment
2009 11-100 97% Constipation
Japanese,
3%
Chinese
Hilton, 1997 USA L RCT Journal Teens 48 Healthy Healthy Infants Treatment
100+ Adults participants Elderly
Elderly High risk
Hirata, 2002 Japan LS CCT Journal Adults 53 Hypertension n/a Treatment
11-100
Hochter,1990 Germany S RCT Journal 45 Diarrhea n/a Elderly Treatment
11-100
Honeycutt, n/a L RCT Journal Newborn |34 ICU patients Prevention Antibiotics
2007 11-100 Infant Steroids
Toddler
Children
Hong, 2010 Korea LB RCT Journal Adults 33 IBS n/a Pregnancy Treatment
11-100 Elderly Breast
feeding
Horvat, 2010 Slovenia L RCT Journal Adults 56 Adenocarcinoma |[n/a Infants Treatment
11-100 Elderly of the colon
Ishikawa, 2002 | Japan LBS [RCT Journal Adults 48 Ulcerative colitis | n/a Treatment Steroids
11-100
Ishikawa, 2003 | Japan L RCT Journal Adults 26 n/a n/a Prevention
11-100
Ishikawa, 2005 | Japan L RCT Journal Adults 18 History of | n/a High risk Prevention Diet
100+ Elderly colorectal tumors
Isolauri, 1991 Finland L RCT Journal Infant Diarrhea n/a Treatment
11-100 Toddler
Children
Isolauri, 1995 Finland L RCT Infant Healthy Healthy Treatment
11-100 participants

C-7




Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Jirapinyo, 2002 | Thailand LB RCT Journal Infant 33 Sepsis; High risk Treatment Antibiotics
11-100 Toddler Meningitis
Children
Johansson, Sweden L RCT Journal Adults 77 Healthy Healthy None -
1998 11-100 participants nutrition
Kadooka, 2010 [Japan LSt |RCT Journal Adults 33 Over weight n/a Treatment
11-100
Kajander, 2005 | Finland LB RCT Journal Adults 76 IBS n/a Pregnancy Treatment IBS meds, other
100+ Lactating regular medications
Kajander, 2008 | Finland LB RCT Journal 93 IBS n/a Pregnancy Treatment
11-100 Lactating
Kajimoto, 2002 | Japan LS RCT Journal Adults 49 Mild hypertension | n/a Treatment
St 11-100
Karvonen, 2001 | n/a L RCT Yes Newborn Healthy Healthy Treatment
11-100 participants
Kerac, 2009 Malawi L RCT Journal Infant 46 Severe acute Treatment Antibiotics
100+ Toddler malnutrition Diet
Children
Teens
Kianifar, 2009 [ Iran LB RCT Journal Infant Moderate n/a Treatment
11-100 Toddler dehydration
Children
Kim, 2006 USA LBS [RCT Journal |Yes Adults 71 Functional Gl|n/a Treatment
additional Ba 11-100 Elderly disorder
groups White
described in 93%,
#3610 Black 6%,
Hispanic
1%
Kim, 2006 USA LB RCT Journal |Yes Adults 71 Functional Gl (n/a Treatment
Ba 11-100 Elderly disorder
White
93%,
Black 6%,
Hispanic
1%
Kim, 2008 South Korea |L B RCT Journal Adults 53 H. pylori n/a Pregnancy Treatment Antibiotics
St 100+ Elderly Lactating Proton pump
inhibition
Kirjavainen, Finland L RCT Journal Infant Cow's milk | n/a Treatment
2003 11-100 allergy
Klarin, 2008 Sweden L RCT Journal Adults 50 Intubated, High risk Prevention
11-100 Elderly ventilated,
critically ill
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Klarin,2005 Sweden L RCT Journal Adults 47 Enterally fed, None - Antibiotics
1-10 Elderly critically ill nutrition Prokinetic agents
Knight, 2007 UK L RCT Journal Adults 38 Ventilator Infants High | Prevention
100+ Elderly associated risk
pneumonia Pregnancy
Koning, 2008 The LBE [RCT Journal Adults 63 Healthy Healthy Pregnancy None - Antibiotics
Netherlands 11-100 participants Lactating nutrition
Kopp, 2008 Germany L RCT Journal Prenatal 55 Family history of | n/a Prevention
100+ Newborn atopic disease
Infant
Kotzampassi, Greece L RCT Journal Adults 18 Severe multiple High risk Prevention Antibiotics
2006 11-100 Elderly trauma victims Pregnancy
Krasse, 2005 Sweden L RCT Journal Adults 50 Gingivitis Healthy Treatment
11-100 Elderly
Kuitunen, 2009 [ Finland LB RCT Journal |Yes Prenatal 44 High risk  for | Healthy Prevention
100+ Newborn allergy
Infant
Toddler
Kurugol, 2005 | Turkey S RCT Journal Infant 38 Diarrhea n/a Treatment
100+ Toddler
Children
La Rosa, 2003 | Italy Ba RCT Journal Infant 44 Infection n/a Treatment Antibiotics
100+ Toddler requiring
Children antibiotics
Teens
Laitinen, 2008 | Finland LB RCT Journal Adults 100 Pregnant Healthy Treatment Dietary counseling
100+
Langhendries, | Belgium LB RCT Journal |Yes Newborn Healthy Healthy None -
1995 St 11-100 Infant participants nutrition
Larsen, 2006 Denmark LB RCT Journal Adults 65 Healthy Healthy Elderly None -
11-100 participants Preghancy nutrition
Larsson, 2008 | Norway L RCT Journal Adults 100 Bacterial n/a Pregnancy Treatment Antibiotics
11-100 vaginosis Breast
feeding
Lata, 2009 n/a LB RCT Journal Adults 0 Acute n/a High risk Prevention Antibiotics
11-100 Elderly Pancreatitis
Lawrence, 2005 [ USA L RCT Journal Adults 87 Diarrhea n/a High risk Treatment Antibiotics
11-100 Elderly
Li, 2004 Japan B RCT Journal Newborn Low birth weight None - Antibiotics
11-100 Infant nutrition
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Ligaarden, Norway L C-RCT Journal Adults 69 IBS n/a Pregnancy Treatment
2010 11-100 Breast
feeding
Lighthouse, n/a LB RCT Journal Adults 43 HCV-related n/a Treatment Antibiotics
2004 11-100 Elderly Child B liver
cirrhosis
Lin, 1989 USA L C-RCT Journal n/a n/a None -
100+ nutrition
Lin, 2005 Taiwan LB RCT Journal 50 Very low birth Treatment
100+ weight
Lin, 2008 Taiwan LB RCT Journal Newborn |45 Very low birth Prevention Antibiotics
100+ Infant weight, preterm
Ljungberg, Sweden LB RCT Journal | Yes Infant Children with | n/a Prevention
2006 100+ Toddler HLA risk
genotype
Loguercio, Italy E RCT Journal Adults 35 Hepatic Treatment
1987 11-100 Elderly encephalopathy
Lonnermark, Sweden L RCT Journal Adults 58 Infections n/a High risk Treatment Antibiotics
2010 100+ requiring
antibiotics
Lu, 2004 Taiwan L CCT Yes Healthy Healthy None -
11-100 participants nutrition
Luoto, 2010 Finland LB RCT Journal |Yes Prenatal 100 Healthy Healthy None -
100+ Newborn participants nutrition
Infant
Toddler
Adults
Caucasian
Makelainen, Finland B RCT Journal |Yes Adults 59 Healthy Healthy None -
2003 11-100 participants nutrition
Malaguarnera, | Italy B RCT Journal Adults 45 Cirrhosis n/a Treatment Diuretics, Beta-
2007 11-100 blockers
Malaguarnera, | Italy B RCT Journal Adults 50 Hepatic n/a Treatment
2010 100+ encephalopathy
Maldonado, Spain L RCT Journal |Yes Infant 51 Healthy Healthy None -
2009 11-100 participants nutrition
Mandel, 2010 n/a Ba RCT Journal Adults 82 Rheumatoid n/a Pregnancy Treatment
11-100 Elderly arthritis
100%
Caucasian
Manley, 2007 Australia L C-RCT Journal Adults 33 Vancomycin- n/a Treatment Antibiotics
11-100 Elderly resistant
Enterococcus
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Manzoni, 2006 | Italy L RCT Journal Newborn (49 Very low birth Prevention
11-100 Infant weight
85% White
Margreiter, Austria LB RCT Journal Adults 52 Diarrhea n/a Treatment
2006 100+ Elderly
99%
Caucasian
, 0.6%
Black
Marotta, 2003 [n/a LB C-RCT Journal Adults Ulcerative colitis | n/a Treatment
11-100
Marrazzo, 2006 [ USA L RCT Journal Adults 100 Bacterial n/a Pregnancy Treatment Antibiotics
100+ vaginosis
Marseglia, 2007 | Italy BBa [RCT Journal | Yes Children 51 Recurrent n/a High risk Prevention
11-100 respiratory Hypersensitiv
infections ity to study
treatment
Marteau, 2004 | France L RCT Journal Adults 52 Crohn's disease [n/a Elderly Prevention Antibiotics
11-100 Pregnancy Steroids
Martiney, 2009 | Brazil LSt [RCT Journal Children 43 Respiratory n/a Treatment
11-100 Teens allergy
Martinez, 2008 | Brazil L RCT Journal Teens 100 Vaginal yeast [ n/a High risk Treatment Antibiotics
11-100 Adults Infection Pregnancy
Martinez, 2009 | Brazil L RCT Journal Teens 100 Bacterial n/a High risk Treatment Antibiotics
11-100 Adults vaginosis
Mayanagi, 2009 [ Japan L RCT Journal Adults 14 Healthy Healthy None -
11-100 participants nutrition
McFarland, USA S RCT Journal | Yes Adults 77 Clostridium n/a High risk Treatment Antibiotics
1994 100+ Elderly difficile- Pregnancy
associated
disease
McFarland, USA S RCT Journal |Yes Adults 35 Patients on beta- | n/a Treatment Antibiotics
1995 100+ Elderly lactam antibiotics
McNaught, UK L RCT Journal Adults 42 Undergoing n/a Treatment Antibiotics
2002 100+ Elderly major elective
abdominal
surgery
Merenstein, USA LBS [RCT Journal Toddler 49 Treated with | n/a Treatment Antibiotics
2009 100+ Children antibiotics for
upper respiratory
tract infection
Merenstein, USA LSt [RCT Journal Children 49 Healthy Healthy Prevention Antibiotics
2010 100+ participants
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Metts, 2003 USA L RCT Journal Adults 100 Recurrent n/a High risk Prevention
11-100 Candida Pregnancy
vulvovaginitis
Miele, 2009 Italy LB RCT Journal |Yes Toddler 45 Ulcerative colitis | n/a Treatment Steroids
St 11-100 Children
Teens
Millar, 1993 UK L RCT Journal Preterm infant Prevention
11-100
Mimura, 2004 Italy, UK LB RCT Journal Adults 44 Pouchitis n/a Prevention Antibiotics
St 11-100
Miyaji, 2006 Japan L RCT Journal Adults 59 H. pylori; Upper |n/a Treatment
11-100 Elderly gastrointestinal
symptoms
Morrow, 2010 USA L RCT Journal | Yes Adults 41 Mechanical High risk Prevention Antibiotics
100+ Elderly ventilation Pregnancy
Caucasian
79%,
Black
13%,
Hispanic
8%
Mukerji, 2009 USA L RCT Journal Adults 57 Chronic n/a High risk Treatment Steroids
11-100 93% White inflammatory Pregnancy
rhinosinusitis
Naito, 2008 Japan L RCT Journal Adults 19 Cancer n/a Prevention
100+ Elderly
Newcomer, USA L RCT Journal |Yes Adults Lactase- n/a None -
1983 11-100 Elderly deficiency nutrition
Niers, 2009 The LB RCT Journal Prenatal 60 Family history of | n/a Prevention
Netherlands 100+ Newborn allergic disease
Infant
Toddler
Niv, 2005 Israel L RCT Journal Teens 67 IBS n/a Pregnancy Treatment
11-100 Adults
Nobuta, 2009 Japan L RCT Journal Adults 73 Tendency to | Healthy None -
RCT (effect on 11-100 Elderly constipation nutrition
bowel
movement), 5
groups, group 3
not extracted
(AE not
mentioned)
O'Mahony, Ireland L RCT Journal Adults 64 IBS n/a High risk Treatment
2005 11-100 Elderly Pregnancy
White
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Ojetti, 2010 Italy L RCT Journal Adults 85 Lactose n/a Infants Treatment
11-100 intolerant Elderly
Olah, 2005 Hungary L RCT Journal Adults 84 Pancreatitis Treatment Antibiotics
11-100 Elderly
Olivares, 2006 | Spain LSt [RCT Journal Adults 50 Healthy Healthy None -
11-100 participants nutrition
Osterlund, 2007 | Finland L RCT Journal Adults 49 Cancer n/a Pregnancy Treatment Diet
100+ Elderly Lactating Chemotherapy
Ouwehand, Finland LB RCT Journal Children 60 Birch pollen | n/a Treatment
2009 11-100 Teens allergy
Ozkinay, 2005 | Turkey L RCT Journal Adults 100 Vaginal infection |[n/a High risk Treatment Antibiotics
100+ Elderly Preghancy
Panigrahi, 2008 | India L RCT Journal | Yes Newborn |61 Healthy Healthy None -
11-100 participants nutrition
Parent, 1996 Belgium L RCT Journal Adults 100 Bacterial n/a Treatment
11-100 vaginosis
Parfenov, 2005 | Russia LB CCT Journal Adults 75 Hemorrhoids n/a Treatment Antiacids and
St 11-100 vitamins if needed
Parfenov, 2005 | Russia LSt [CCT Journal Adults 60 Hemorrhoids n/a Treatment Vitamins (both
11-100 groups)
Parra, 2004 Spain L RCT Journal Adults 53 Healthy Healthy 5
11-100 participants
Passeron, 2005 | France L RCT Journal Children Atopic Dermatitis | n/a High risk Treatment Steroids
11-100 Immune suppressant
Peral, 2009 Argentina L RCT Journal Adults Burn patients Pregnancy Treatment
11-100 Breast
feeding
Pereg, 2010 Israel LB RCT Adults Cirrhosis n/a Treatment
St 11-100 Elderly
Petschow, 2005 [ USA L RCT Journal Newborn (49 Healthy Healthy None -
11-100 Infant participants nutrition
Prantera, 2002 [n/a L RCT Journal Adults 36 Crohn's disease [n/a Pregnancy Treatment Antidiarrhoeals;
11-100 Elderly Colestyramine
Pregliasco, Italy LB RCT Journal Healthy Healthy Pregnancy Prevention
2008 100+ participants Breast
#5328 stage 1 feeding
Pregliasco, Italy LB RCT Journal Healthy Healthy Pregnancy Prevention
2008 100+ participants Breast
#5328, 3 feeding
studies, same
with multiple

arms reported
in 1 publication;
stage 3
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Pregliasco, Italy LB RCT Journal Teens Healthy Healthy Pregnancy Prevention
2008 100+ Adults participants Breast
stage 1 feeding
Puccio, 2007 Italy B RCT Journal |Yes Newborn (54 Healthy Healthy None -
100+ Infant participants nutrition
Rampengan, Indonesia L RCT Journal Children 48 Lactose n/a Treatment
2010 11-100 Teens malabsorption
Ranganathan Canada LB C-RCT Journal Adults 25 Chronic  kidney [ n/a Pregnancy Treatment
St 11-100 Elderly disease stage 3
White 4, and 4
Hispanic
1; Asian
10, Black
1
Rautava, 2008 | Finland LB RCT Journal Infant 51 Healthy Healthy Prevention
11-100 participants
Rayes, 2002 n/a L RCT Journal Adults 47 Undergoing n/a Prevention Antibiotics
11-100 Elderly major abdominal Diet
surgery;
Rayes, 2002 Germany L RCT Journal Adults 48 Liver transplant; Sever renal | Treatment Antibiotics
11-100 Elderly Stomach, insufficiency;
pancreas or liver Cerebral
surgery disorders;
Emergency
operation
Rayes, 2005 n/a L RCT Journal Adults 42 Liver transplant Decompensa | Prevention Antibiotics
11-100 ted renal Immune suppressant
insufficiencie
S
Rayes, 2007 n/a L RCT Journal Adults 44 Undergoing n/a Prevention Antibiotics
11-100 Elderly pylorus-
preserving
pancreticoduode
nectomy
Reid, 1992 Canada L RCT Journal Adults 100 Acute lower | n/a Pregnancy Prevention Antibiotics
11-100 urinary tract
infection
Reid, 1995 Canada L RCT Journal Adults 100 Recurrent urinary | n/a Prevention
11-100 tract infections
Ren, 2010 China B RCT Journal Prenatal 44 Premature Prevention Antibiotics
11-100 infants
Reuman, 1986 [USA L RCT Journal Newborn Premature None - Antibiotics
11-100 infants nutrition
Richelsen, Denmark StE |RCT Journal Adults 48 Healthy Healthy None -
1996 11-100 Elderly participants nutrition
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Rio, 2002 Argentina L RCT Journal Infant Undernourished | n/a Prevention
11-100 Toddler
Roos, 1996 Sweden St RCT Journal Children 65 Recurrent n/a High risk Prevention
100+ Teens streptococcal
Adults pharyngotonsilliti
S
Roos, 2001 Sweden St RCT Journal Infant Recurrent  otitis | n/a High risk Prevention Antibiotics
100+ Toddler media
Children
Rose, 2010 Germany L RCT Journal Infant 0 Wheezing n/a Prevention Antibiotics
100+ Toddler episodes; Family Steroids
history of atopic
disease
Rosenfeldt, Denmark L RCT Journal Infant 60 Diarrhea n/a Elderly Treatment
2002 11-100 Toddler
Children
Rosenfeldt, Denmark L C-RCT Journal | Yes Teens 0 Healthy Healthy None -
2003 11-100 Adults participants nutrition
2 studies in 1
paper #13297
Rouge, 2009 France LB RCT Journal Newborn (43 Very low birth Treatment
11-100 weight  preterm
infants
Ruiz-Palacios, [n/a LB RCT Yes Infant Healthy Healthy Prevention
1996 11-100 Toddler participants
Children
Saavedra, 2004 | USA BSt [RCT Journal | Yes Infant 51 Healthy Healthy None -
100+ Toddler participants nutrition
Safdar, 2008 USA L RCT Journal |Yes Adults 2 Inpatients n/a Prevention Antibiotics
11-100 Elderly receiving or
expected to
receive
antibiotics
Sahagun-flores, | Mexico L RCT Journal Adults 48 H. pylori n/a Pregnancy Treatment Antibiotics
2007 11-100
Saint-Marc, France S RCT Journal Adults 6 Immuno- Infants Treatment Necessary
1995 11-100 compromised; medications
AIDS-related
diarrhea
Salminen, 1988 | Finland L RCT Journal Adults 100 Gynecologic n/a Prevention Radiation
11-100 Elderly malignancies
Salminen, 2004 | Finland L C-RCT Journal |Yes Adults 18 Diarrhea; n/a Pregnancy Treatment Antibiotics
11-100 Immuno- HAART

compromised
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main Subgroups
Category Aim
Samanta, 2008 | India LB RCT Journal Newborn Preterm infant; Prevention
100+ very low birth
weight
Satokari, 2001 | Finland B RCT Journal Adults 90 Healthy Healthy 5
13281 11-100 participants
Savino, 2006 Italy L RCT Journal Newborn |47 Colic n/a Treatment
11-100 Infant
Sazawal, 2010 |India B RCT Journal Toddler n/a n/a High risk Prevention
100+ Children
Scalabrin, 2009 | USA L RCT Journal | Yes Newborn |50 Healthy Healthy High risk None -
100+ Infant participants nutrition
Schrezenmeir, | Germany LB RCT Journal Toddler 44 Acute  bacterial | n/a Treatment Antibiotics
2004 100+ Children infection
Caucasian
Schultz, 2004 n/a L RCT Journal Crohn's disease [n/a Treatment Antibiotics
11-100 Steroids
Seppo, 2003 Finland L RCT Journal Adults 51 Hypertension n/a Treatment
11-100
Sierra, 2010 Spain L RCT Journal | Yes Adults 50 Healthy Healthy None -
11-100 participants nutrition
Simons, 2006 | Australia L RCT Journal Adults 64 Healthy Healthy None -
11-100 participants nutrition
Simren, 2010 Sweden LB RCT Journal Adults 70 IBS n/a Pregnancy Treatment
St 11-100
Song, 2010 Korea S RCT Journal Teens 40 H. pylori n/a High risk Treatment Antibiotics
100+ Adults Pregnancy
Elderly Lactating
Songisepp, Estonia L RCT Journal Adults 38 Healthy Healthy None -
2005 11-100 participants nutrition
Songisepp, Estonia L CCT Journal Adults 56 Healthy Healthy None -
2005 11-100 participants nutrition
Sood, 2009 India LB RCT Journal |Yes Adults 19 Ulcerative colitis | n/a Pregnancy Treatment
St 100+
Spanhaak, The L RCT Journal Adults 0 Healthy Healthy None -
1998 Netherlands 11-100 participants nutrition
Stockert, 2007 | n/a E RCT Journal Children Asthma n/a High risk Treatment Steroids
11-100 Teens
Stotzer, 1996 n/a L C-RCT Journal Elderly Small intestinal [ n/a Treatment Antibiotics
11-100 bacterial
overgrowth
Stratiki, 2007 Greece B RCT Journal Newborn Preterm infant None -
11-100 nutrition
Sullivan, 2003 | Sweden LB RCT Journal Adults 91 Healthy Healthy Pregnancy None - Antibiotics
11-100 participants nutrition
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Evidence Table C1. Participant and study detail (continued)

Author, Year Country Gen- Study Source | Safety Age % Female Disease/ General Exclusion Probiotic Cotreatments
era Design Assess | Ethnicity Immunologic Health Criteria Function
Sample -ment Status
Size Main