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Abstract

The use of probiotics in foods has increased significantly and there are more and more products available with
high numbers of viable probiotics. This article reviews the safety information on probiotic microorganisms. A
literature search and assessment of safety data on current probiotics were undertaken. No significant safety
concerns for current probiotics were observed. The available data attest to the safety of Lactobacillus and
Bifidobacterium probiotics. In conclusion, current probiotics are considered safe for food use and also have a
long history of safe use with postmarket monitoring data available. However, rigorous safety assessment for
novel probiotics and especially genetically modified probiotics needs to be established.
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Introduction

Probiotic bacteria are defined as living microbial
food components or inactivated microbes or parts
of microbes that have a beneficial effect on human
health beyond normal nutrition (1). The probiotic
definition sets a standard on health promotion and
requires that the safety of probiotic microorganisms
must be verified. The use of probiotics has increased
significantly especially in fermented dairy products,
making safety assessment an important target for
individual strains (2).

History of safe use of current probiotics
In general, the microbes used in food fermentation
have a long history of safe use. There are a few
published case reports of rare infections involving
lactobacilli and bifidobacteria, species among which
the most common probiotics have been selected. A
recent compendium of the International Dairy
Federation gives the background on safety and the
documentation required for dairy microbes with a
long history of safe use in foods (3). This can be
considered as the pioneer assessment on the safety
of currently used dairy and food cultures, and also
forms a basis for probiotic safety assessment.
Current probiotics have often been selected to
compromise between health-promoting properties
and the technological properties of the strains.
Thus, many of them may be suboptimal for
promoting human health. However, the results of
human clinical studies have produced good evidence
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on the health effects of specific probiotic strains. As
the use of specially selected new probiotics to
maintain health must be considered even more
promising, the selection criteria need to be revised.
The universal use of dairy strains seems less reason-
able from an ecological point of view than selection
of strains from their natural habitat where they are
adapted to the ecological niche. In addition, the
pharmacokinetic and the pharmacodynamic prop-
erties, the safety and the risks of acquisition of
resistance to antimicrobial agents should be con-
sidered.

Safety assessment is an essential phase in the
development of any new food. In addition to the
long history of the safe use of lactic acid bacteria,
oral administration of probiotics is well tolerated
and has been proven to be safe in hundreds of
clinical trials involving thousands of subjects (3).
The safety of probiotic bacteria has been reviewed
by several authors (3-5).

Safety assessment guidelines are needed to test
the safety of probiotics, but taking into account the
great diversity of microorganisms it is necessary to
identify the specific risks associated with the
different probiotics as well as the risk factors
associated with the host and the possible interac-
tions among the probiotic, host and food compo-
nents. To assess the safety of these products,
additional epidemiological surveillance and follow-
up of novel strains should be conducted. In this
context, it appears clear that not only the positive
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health effects, but also the potential side-effects
should be monitored and evaluated. Knowledge of
mechanisms is a key factor not only for the
assessment of efficacy but also for the safety aspects
of probiotics. Factors that should be taken into
account are described in Fig. 1.

Identification

Proper identification of the probiotic should be the
starting point for both safety and efficacy assess-
ment. A reliable probiotic product requires the
correct identification of the bacterial species used
and their listing on the product label. Attention to
such features is important, as a number of recent
reports showed that in about 50% of the products
the identity of recovered microorganisms did not
correspond to the information stated on the product
label (6-8). Traditional phenotypic identification of
probiotic bacteria is rather tedious and not always
reliable; however, molecular methods have emerged
in recent years as a replacement for or complement
to phenotypic tests, providing reliable techniques for
identification. Mislabelling may have safety impli-
cations: mislabelling closely related species of lacto-
bacilli may not be too worrying, but errors such as
mislabelling the genus, e.g. products labelled Lacto-
bacillus acidophilus but containing Streptococcus
sanguis (7), or failure to list bacterial contents
such as Enterococcus (7) or Staphylococcus (8), are
of concern from the point of view of the safety of
those products. Without proper identification it is
not possible to identify the specific safety risks
associated with a probiotic microorganism and
good identification is necessary to avoid the inclu-
sion of pathogenic microorganisms in probiotic
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Fig. 1. Procedure and focus areas for the safety assessment of
probiotics. GMO: genetically modified organism.
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products. With regard to this, the manufacturer
has the responsibility for the product composition.

Evaluation of risks associated with the probiotic
strain

Safety evaluation is a difficult but important task in
the probiotic field, as we are working with micro-
organisms and it must be taken into account that
there is no such thing as zero risk. The key target is
to identify the possible risks specifically associated
with each probiotic strain, as different strains can
possess different features related to different risks,
and carefully to establish the risk—benefit ratio for
the different target populations in which the pro-
biotic is going to be applied. In this sense, it could
be possible to advise against the use of the probiotic
in a particularly vulnerable target population or use
(e.g. preventive use) but recommend its use in other
situations (e.g. therapeutic use). However, probio-
tics used in food should, in principle, be safe for all
consumers.

Probiotics are microorganisms, implying that
they might theoretically be responsible for different
side-effects. The most direct risk associated with the
consumption of microorganisms is infection, but
other risks also need to be taken into consideration
(Table 1).

Infections

The absence of pathogenicity and infectivity is a
prerequisite of probiotic safety. The most frequent
infection in which lactobacilli have been involved is
endocarditis (mainly members of the L. casei
group), whereas in bacteraemia other lactobacilli
are found more frequently. With regard to other
probiotic microbes the situation is more compli-
cated even when they have been included in
probiotic products for some time. These include

Table 1. Analysis of strains for safety-related properties

Proper identification

Toxicity Acute
Chronic
Metabolic activity Bile deconjugation
Haemolysis
Biogenic amine formation
Excessive mucus degradation
D-Lactic acid formation
Antibiotic resistance Intrinsic

Transferable
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microorganisms such as Saccharomyces boulardii
[cases of fungaemia due to S. boulardii have been
reported (9)] or enterococci, which currently rank
second or third in frequency of bacteria isolated
from hospitalized patients and in which some
virulence factors have been identified (10). The
incidence of virulence determinants among food
isolates studied so far appears to be strain specific
(11). The lack of virulence traits in any specific
strain should be checked as part of the safety
assessment of probiotic enterococci. Some members
of the genus Bacillus that include opportunistic
pathogens and/or toxin producers such as B. cereus
or B. subtilis and Clostridium butyricum have also
been used as probiotics. For such microbes, careful
detailed assessment of risks should be conducted
before approval.

Toxicity

A bacterial single administration (acute toxicity test
of a dose 1000 or 10 000 times the recommended
dose) and a repeated administration (chronic toxi-
city test) will provide some information on toxicity.
Traditional toxicity studies have been conducted
with several probiotics, mainly lactobacilli and
bifidobacteria, and no toxic effects were found (5).
Tolerance to normal recommended doses has also
been tested for probiotics, with no reported adverse
effects.

Deleterious metabolic activities

Probiotics should not produce harmful compounds.
In addition, some enzymic activities such as some
specific glycosidic and proteolytic enzymes that
could help in the invasion or translocation through
the epithelium or in the colonization of some host
tissues must not be present. In general, these
harmful activities have not been found in the
traditional probiotic strains, but must be assessed
in the new strains. For example, mucus degradation
capacity, which has been considered a marker for
invasive potential, was not found in specific com-
mercial probiotics.

Other risks related to the metabolic activities of
the strains are the deconjugation of bile salts.
Secondary bile acids may exhibit carcinogenicity
(5). Thus, the use of probiotics with a high capacity
for deconjugation/dehydroxylation of bile salts must
be carefully evaluated, despite their possible bene-
ficial effects on cholesterol levels. So far, no clinical
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diseases due to deleterious metabolic effects of
probiotics seem to have been reported.

Platelet aggregating activity has been considered
to be a required test in the assessment of safety.
Aggregation of platelets by bacteria is thought to
contribute to the progression of infective endocar-
ditis (5). Strong adhesion has been suggested as a
virulence factor because it may facilitate transloca-
tion and platelet aggregation, but no stronger
adhesion was found in clinical isolates of lactoba-
cilli than in common probiotics (12), indicating that
the importance of strong adhesion in non-patho-
genic microorganisms as a virulence factor is
uncertain.

Other virulence factors that need to be carefully
evaluated are the capacity of the probiotic strain to
resist complement-mediated killing, which may
enhance its survival in blood (5), and the formation
of a capsule that could protect it from phagocytosis.

Antibiotic resistance

It has recently been reported that more than 68% of
the probiotics isolated from different products were
resistant to two or more antibiotics (6), and Bacillus
strains with high levels of antibiotic resistance have
been isolated from some probiotic products con-
taining this microorganism. In this sense, lactic acid
bacteria are intrinsically resistant to some antibio-
tics. In many cases resistance is not, however,
transmissible and the bacteria are sensitive to
many therapeutic commonly used antibiotics (5).
Therefore, no particular safety concern is associated
with this non-transferable resistance. However,
transferable antibiotic resistance is another matter
because of the possibility of resistance spreading to
other, more harmful bacteria. In this sense the case
of enterococci is important. The presence in some
enterococci of antibiotic resistance plasmidic genes
is worrying. Transfer of plasmids coding for anti-
biotic resistance has been shown both during food
fermentation (13) and in wvivo. In particular, the
enterococcal conjugative resistance against glyco-
peptide antibiotics (vancomycin and teicoplanin)
has attracted serious attention, since vancomycin is
one of the last antibiotics left in the treatment of
some multidrug-resistant pathogenic microorgan-
isms. This glycopeptide resistance is found more
often in Enterococcus faecium than in E. faecalis
strains, the latter being most common in human
faeces (11). Enterococcus faecalis predominates
among enterococci isolated from human infections,



but there is a shift towards E. faecium strains as
causative agents in enterococal bacteraemia, prob-
ably because of the emergence of vancomycin-
resistant strains (11). It has recently been shown
that most of the enterococci isolated from food or
probiotic products are sensitive to vancomycin (6—
14), but a high percentage of the strains tested
showed resistance to erythromycin (14), and the
existence of multiple antibiotic-resistant strains has
been reported, giving cause for concern. Some
antibiotic resistance plasmids have also been found
in lactobacilli. With regard to this, different expert
panels have indicated that strains harbouring trans-
ferable antibiotic resistance genes are not suitable
for use as probiotics (5). In this context the specific
risks related to each probiotic strain must be
carefully identified.

The antibiotic resistance profiles of any probiotic
microbe introduced on the market should be
evaluated since they would help in the epidemiolo-
gical surveillance of the increase in antibiotic
resistance and would provide a rapid response in
case of an outbreak.

The main problem related to the risk assessment
of probiotics is that knowledge on virulence factors
or their combination is limited. In this context,
safety decisions need to be made regarding specific
strains. Each particular strain should be carefully
assessed for the presence of known virulence
determinants to determine the potential risks asso-
ciated with its consumption.

Characterization of risks associated with the
host

The risks associated with the target population must
also be evaluated. Several clinical trials involving
healthy volunteers have been conducted with differ-
ent probiotic strains. Although these studies were
mainly focused on the efficacy of probiotics, the
absence of deleterious effects due to consumption of
the microorganism can be considered an indicator
of safety. Nevertheless, the safety assessment of a
probiotic strain in a healthy population cannot be
extrapolated to other groups such as immunocom-
promised or critically ill patients.

In this context, some studies have focused on the
utilization of specific probiotics in populations such
as postoperative patients after intestinal surgery
(15) or liver transplantation patients (16), without
any reported side-effects, although these results
cannot be extrapolated to other strains. In several
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reported clinical trials probiotics have also been
applied to volunteers with different gastrointestinal
diseases, without problems of tolerance or safety. In
any case the existence of acute or chronic illness in
the target population must be taken into account
and the risks associated with the specific disease or
status of the host should be carefully determined
and evaluated during the clinical trials.

The use of probiotics in paediatric patients has
also been a matter for concern, and several studies
have been conducted in this area. Several probiotics
have been tested even on preterm infants, without
any observed prejudicial effects (17).

Not only should the risks directly associated with
the strain or the host be evaluated, but the possible
microbe-host interactions must also be taken into
account. In this sense it is especially important to
improve our knowledge on the composition of the
intestinal microbiota, since some of the reported
beneficial effects of probiotics appear to be due to
the modulation of the intestinal microbiota as a
consequence of their consumption. Today it is
commonly recognized that the normal human
microbiota are important as a barrier against
colonization by exogenous pathogenic microorgan-
isms and potentially pathogenic bacteria already
present in small numbers in the microbiota. The
normal microbiota influence several biochemical,
physiological and immunological features of the
host, particularly the gastrointestinal microbiota,
which consist of the densest and most diverse
collection of bacteria. Disturbances in the normal
microbiota can be caused by several things, one
being the administration of antimicrobial agents.
Probiotic microorganisms are thought to counteract
disturbances and thereby reduce the risk of coloni-
zation by pathogenic bacteria. Thus, the interac-
tions of probiotics with the host’s intestinal
microbiota should be considered in the safety
assessment. This is especially important if the
product is going to be delivered to infants during
the first months of life, when the intestinal micro-
biota and the immune system are developing. Any
undesirable modification of the intestinal micro-
biota succession during this stage could lead to the
establishment of permanent aberrant microbiota in
the individual.

Intestinal microbiota effects
Interactions between probiotics and other micro-
organisms have been reported. It has been shown
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that some probiotics inhibit the adhesion of patho-
gens to human intestinal epithelium (18). Increases
in the adhesion of specific pathogens, to human
and animal mucus, as consequence of the interac-
tion with some probiotic strains have been reported.
The biological significance of these increases in
adhesion needs to be evaluated, but they could
be an additional risk factor for some probiotic
strains.

It is also important to consider the possible
“cross-talk” between the probiotic and the intest-
inal cells. Not only the interactions within a healthy
intestine, but also the specific interactions and
immune response in cases of intestinal injury or
gastrointestinal disease should be carefully evalu-
ated.

Although knowledge in this area is still rather
limited, the study of interactions between microbes
and intestinal cells is an active area of research. The
new knowledge acquired in this area will be of great
help in establishing mechanisms of probiotic action
and identifying safety risks. It has recently been
shown that some commensal bacteria, such as E.
faecalis, are able to trigger epithelial cell trafficking
of a protein that serves as receptor for Salmonella
enterica serovar Typhi and may result in increased
susceptibility of the human host to typhoid or
enteric fever (19). As some enterococci are used as
probiotics, this strain-dependent phenomenon
could be considered a risk factor and deserves
further attention. Thus, it is clear that knowledge
about host-microbe interactions and mechanisms of
action will provide new insights in the
evaluation of risks and safety assessment of pro-
biotic bacteria.

The pharmacokinetics of the specific probiotics
need to be determined. Survival within the gastro-
intestinal tract, colonization and translocation
properties, as well as the fate of their metabolic
products, need to be known to predict the potential
safety risks associated with a probiotic strain. This
can be measured in vivo using biopsy techniques or
faecal collection, but in the latter case it must be
taken into account that faecal samples do not
provide reliable information at the mucosal level.
There are also some in vitro tests that can help in
this task, such as sensitivity to acid, bile and
digestive enzymes, and protection provided by the
food. Some gastrointestinal models are also avail-
able for this assessment (20).
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Epidemiology of Lactobacillus and
Bifidobacterium infections

The final responsibility for the safety of a food and
pharmaceutical product always lies with the manu-
facturer; this is no different for probiotics. To assess
the safety of a product in a population, postmarket-
ing monitoring may be necessary.

Lactobacilli and bifidobacteria are extremely
rarely involved in disease. The incidence of a
Lactobacillus bacteraemia has been estimated to
be 0.1-0.3% of all bacteraemia cases; for bifidobac-
teria it is far less (2). Although clear predisposing
factors for Lactobacillus bacteraemia are not
known, severe underlying diseases with reduced
immune function appear to be involved. It is
important to note that such patients in general
have a high risk for bacteraemia. From these
Lactobacillus bacteraemia cases, it is essential that
the strains are stored for future identification and
reference. In most cases, the bacteria detected in the
blood are of intestinal origin (21), and this is also
true for lactobacilli and bifidobacteria, although
some cases have been reported where a probiotic
was possibly involved in the infection (22). How-
ever, it is not always straightforward to identify the
source of a microbe from a bacteraemia. Contam-
ination of catheters has been suggested in some
cases (9), or a microbe indistinguishable from the
probiotic may be present in the general population.
A strong indication on the safety of probiotics
comes from the results of recent postmarketing
surveillance in Finland. Despite a rapid increase in
the consumption of probiotics, no correlation with
the incidence of Lactobacillus bacteraemia was
observed (2).

Animal probiotics
Probiotics have also been suggested for animal use.
In the case of farm animals, the main rationale for
their use is prevention of diarrhoea, improved feed
conversion and growth. For companion animals, the
use is very similar to that for their human owners.
Strange as it may seem, the safety requirements
for animal probiotics may have to be more stringent
than for probiotics for human use. When probiotics
are fed to farm animals, they may enter the food
chain and thus have to be safe both for the animal
and for the human consumer. Companion animals
live in a close relationship with their owner; thus, a
chance of cross-contamination exists and the pro-
biotic has to be safe for both the pet and its owner.



In the European Union (EU), the legislation and
recommendations for the safety of probiotics for
animals are far stricter than for humans. The
Scientific  Committee on Animal Nutrition
(SCAN) of the EU has made important recommen-
dations regarding the safety assessment of probio-
tics for animals, in particular with regard to the
transfer of antibiotic resistance (http://euro-
pa.eu.int/comm/food/fs/sc/scan/out108_en.pdf).
SCAN has also proposed the Qualified Presump-
tion of Safety to facilitate the safety approval of
probiotics, based on their similarity and use of
existing probiotics and starters (http://euro-
pa.eu.int/comm/food/fs/sc/scf/out178_en.pdf). Simi-
lar approaches are being developed for probiotics
for humans by the International Dairy Federation.

GMO probiotics
Genetically modified organisms (GMO) and pro-
ducts derived from them are not generally accepted
by the European consumer. However, in the case of
pharmaceuticals, this attitude may be different. A
similar situation may be true for GMO lactic acid
bacteria. For example, although GMO lactococci
can be used to produce cheese in a shorter time, it is
likely to be in medical applications that the accep-
tance of GMO lactic acid bacteria occurs first.
Vaccines provide protection against a large num-
ber of infectious diseases. However, attenuated
vaccines, in particular, carry a risk, albeit small, of
causing the disease they were supposed to prevent.
Therefore, by modifying lactic acid bacteria to
express the antigenic determinants pathogens, safe
vaccines can be made. Furthermore, this approach
would provide safe, cheap and easy-to-handle
vaccines with important potential applications in
developing countries (23). With these edible vac-
cines, it is, however, of extreme importance that an
immune response is triggered and that oral toler-
ance (i.e. non-responsiveness) is not created.
Instead of delivering antigens to the mucosal
immune system in the gut, lactococci have been
modified to produce interleukin-10 (IL-10), in situ.
IL-10 is an anti-inflammatory cytokine that has
been found to suppress symptoms of inflammatory
bowel disease and improve mucosal inflammation
of the gut. However, IL-10 is not particularly stable
in the gut and would therefore have to be adminis-
tered in a protected form. Here, GMO lactococci
producing IL-10 in situ may fulfil an important role.
Such microbes were found to be efficacious in a
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colitis mouse model (24) and studies in humans are
in progress. In this case, it is of extreme importance
that these microbes do not spread to healthy
subjects, as IL-10 production in healthy subjects
may disturb their immune function. For its func-
tioning the strain requires thymine or thymidine,
which is normally only present at very low concen-
trations; in its absence, the GMO Lactococcus will
not grow and hence not produce IL-10 (295).

The safety of GMO probiotics is, as with all
GMO food products, regulated through EU novel
food legislation, which can be expected to provide
sufficient guarantees for the safety of potential
GMO probiotics.

Conclusions

Lactic acid bacteria in general have a good safety
record. They are rarely involved in disease. Several
probiotics have a long history of safe use. However,
new probiotic strains will not have such a history
and therefore need to be assessed for safety on a
strain-by-strain basis. The scientific evidence on the
health benefits of probiotics continues to increase.
The benefits provided by probiotics are likely to
outweigh any potential risks, but this risk—benefit
ratio should be determined for each strain and
target population.
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