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Demonstration of safety of probiotics — a review
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Abstract

Probiotics are commonly defined as viable microorganisms (bacteria or yeasts) that exhibit a beneficial effect on the health
of the host when they are ingested. They are used in foods, especially in fermented dairy products, but also in pharmaceutical
preparations. The development of new probiotic strains aims at more active beneficial organisms. In the case of novel
microorganisms and modified organisms the question of their safety and the risk to benefit ratio have to be assessed. Lactic
acid bacteria (LAB) in foods have a long history of safe use. Members of the genera Lactococcus and Lactobacillus are most
commonly given generally-recognised-as-safe (GRAS) status whilst members of the genera Streptococcus and Enterococcus
and some other genera of LAB contain some opportunistic pathogens. Lactic acid bacteria are intrinsically resistant to many
antibiotics. In many cases resistances are not, however, transmissible, and the species are also sensitive to many clinically
used antibiotics even in the case of a lactic acid bacteria- associated opportunistic infection. Therefore no particular safety
concern is associated with intrinsic type of resistance. Plasmid-associated antibiotic resistance, which occasionally occurs, is
another matter because of the possibility of the resistance spreading to other, more harmful species and genera. The
transmissible enterococcal resistance against glycopeptide antibiotics (vancomycin and teicoplanin) is particularly notewor-
thy, as vancomycin is one of the last effective antibiotics left in the treatment of certain multidrug-resistant pathogens. New
species and more specific strains of probiotic bacteria are constantly identified. Prior to incorporating new strains into
products their efficacy should be carefully assessed, and a case by case evaluation as to whether they share the safety status
of traditional food-grade organisms should be made. The current documentation of adverse effects in the literature is
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reviewed. Future recommendations for the safety of already existing and new probiotics will be given.  1998 Elsevier
Science B.V. All rights reserved.
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1. Introduction toxicity and in a recent study, specific commercial
probiotic strains were shown to be inactive in

Traditional dairy strains of lactic acid bacteria mucosal degradation (Ruseler van Embden et al.,
(LAB) have a long history of safe use. LAB includ- 1994, 1995; Donohue et al., 1998). Traditional
ing different species of Lactobacillus and Enterococ- toxicity studies have been conducted with several
cus have been consumed daily since humans started strains of probiotic bacteria with no ill effects. New
to use fermented milk as food. Probiotic species such species and more specific strains of probiotic bacteria
as Lactobacillus acidophilus have been safely used are constantly identified. It cannot be assumed that
for more than 70 years. However, the safety aspects these novel probiotic organisms share the historical
have always to be considered and possible adverse safety of tested or traditional strains (Salminen et al.,
effects should continuously be evaluated as illus- 1998). Prior to incorporating them into products,
trated by recent literature. Members of the genera new strains should be carefully assessed and tested
Lactococcus and Lactobacillus are most commonly for both safety and efficacy. If functional foods are
given the GRAS status whilst members of the genera to make an increasing impact on the European food
Streptococcus and Enterococcus and some other market, it is necessary to ensure that the consumer
genera of LAB contain some opportunistic pathogens receives accurate information and clear messages
(Table 1). The safety of probiotics has been consid- about the health benefits. The goal of the PROB-
ered in reviews and clinical reports which have DEMO project is to substantiate such information.
drawn attention to isolated cases of human bac- Probiotic safety was discussed in the first PROB-
teraemia (Gasser, 1994; Aquirre and Collins, 1993; DEMO workshop on Probiotic safety and Selection
Saxelin et al., 1996a,b). Surveillance studies support criteria in November, 1996, in Helsinki. Before this
the safety of commercial LAB (Saxelin et al., LABIP (the lactic acid bacteria industrial platform)
1996a,b; Gasser, 1994; Adams and Marteau, 1995). had held two workshops on probiotics The Safety of
Available data indicate that no harmful effects have Lactic acid bacteria in November 1994 and Lactic
been observed in controlled clinical studies with acid bacteria as probiotics in November 1995. Also
lactobacilli and bifidobacteria. Degradation of intesti- in the FAIR programme Functional Food Science in
nal mucus has been used as the first marker of Europe the effects and safety of probiotics were

Table 1
Classification of probiotic organisms (Gasser, 1994; Donohue and Salminen, 1996a)

Organism Infection potential

Lactobacillus Mainly non-pathogens, some opportunistic infections
(usually in immunocompromised patients)

Lactococcus Mainly non-pathogens
Leuconostoc Mainly non-pathogens, some isolated cases of infection
Streptococcus Oral streptococci mainly non-pathogens (including

Streptococcus thermophilus); some may cause
opportunistic infections

Enterococcus Some strains are opportunistic pathogens with
haemolytic activity and antibiotic resistance

Bifidobacterium Mainly non-pathogens, some isolated cases of human infection
Saccharomyces Mainly non-pathogens, some isolated cases of human infection
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assessed (Salminen et al., 1998). All of the work-
shops were sponsored by the European Commission,
DG XII. The purpose of the meetings was to
establish a clearly written consensus document on
the safety and probiotic properties of LAB.

2. Studies on the safety of probiotics

Three approaches can be used to assess the safety
of a probiotic strain: studies on the intrinsic prop-
erties of the strain, studies on the pharmacokinetics
of the strain (survival, activity in the intestine, dose–
response relationships, faecal and mucosal recovery)
and studies searching for interactions between the
strain and the host. The selection criteria for prob-
iotics are illustrated in Fig. 1.

Some enzymatic properties such as excessive
deconjugation of bile salts or degradation of mucus
might be potentially detrimental (Donohue et al.,
1998). Such properties can be studied in vitro
(Donohue et al., 1998). Platelet aggregating prop-
erties (Korpela et al., 1997), and the enzymes which
seem to favour cardiac valve colonisation (Pelletier
et al., 1996) could also be studied in vitro. However,
this does not seem necessary for the existing food
and probiotic strains, as no infections have been
reported for these strains.

The survival of the probiotics within the gastroin-
testinal tract, their translocation and colonisation
properties, and the fate of their active components
needs to be known to predict not only the positive
effects but also the side-effects. The survival of
ingested probiotics at different levels of the gastroin-
testinal tract differs between strains (Marteau et al.,

Fig. 1. Selection criteria for probiotics (Gasser, 1994; Donohue
1993; Pettersson et al., 1983). Some strains are and Salminen, 1996a).
rapidly killed in the stomach while others, such as
strains of bifidobacteria or L. acidophilus, can pass
through the entire gut at very high concentrations marker (Marteau et al., 1993). Several in vitro
(Marteau et al., 1993). Milk as a vehicle appears to models can help to predict the fate of ingested
protect probiotics against gastric conditions (Saxelin, strains: they consist of simple models to test the
1996). sensitivity of the probiotic to acid or bile, and more

The pharmacokinetics of probiotics can be mea- sophisticated dynamic multicompartmental models
sured in vivo using a faecal collection of intestinal simulating the dynamics of the transit and secretions
intubation and colonic biopsy techniques (Saxelin, in the gastrointestinal tract (Marteau et al., 1997a).
1996; Johansson et al., 1993; Alander et al., 1997). Illness related to microbiological agents in food is
The use of transit markers is very useful in determin- much more difficult to predict than illness caused by
ing the colonisation properties by comparing the chemical agents (Tang et al., 1993). The concept of a
pharmacokinetics of the probiotic and those of the minimum infective dose is very difficult because of
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the large number of microbial and host factors (Blancuzzi et al., 1993; Okitsu-Negishi et al., 1996).
involved and the high possibility for individual All previously mentioned studies are very important
differences. in determining dose–response effects, and the role of

intestinal lesions and immunosuppression. Informa-
2.1. In vitro and animal studies tion on the acute toxicity of probiotic bacteria and

LAB indicate that it is not possible to reach oral dose
It is largely believed that probiotic strains should levels related to death or dose levels with any

not invade host cells. The invasion capacity of a harmful side-effects (Donohue and Salminen, 1996a;
strain can be studied using cultured intestinal cells Donohue et al., 1993, 1998).
(Tang et al., 1993).

Animal models are of limited value in mi-
crobiological risk assessment (ILSI Europe, 1993). 2.2. Studies in healthy volunteers and clinical
The high variability in species-specific responses trials
does not allow the extrapolation of the results to
humans. Pelletier et al. (1996) compared the virul- Extensive short-term clinical trials with healthy
ence of dairy strains of lactobacilli to that of strains volunteers have demonstrated the safety of probiotics
from patients with endocarditis using an experimen- (Lidbeck et al., 1987, 1988; Orrhage et al., 1994;
tal rabbit model. In this model a polyethylene Saxelin, 1997, Table 2). Most studies mentioned that
catheter is inserted into the heart, to induce the the probiotic did not induce more side-effects than
formation of vegetation, and left in place for weeks. the placebo or that it was well tolerated. In some
Strains of L. rhamnosus and L. casei adhered to the studies, the presence (or absence) of gastrointestinal
cardiac vegetation and left in place. In this model, disorders was especially studied which seems ration-
strains of L. rhamnosus and L. casei adhered to the al since the first and probably only contact between

6cardiac vegetations, and an inoculum size of 10 probiotic products and the host occurs in the gas-
cfu /ml allowed discrimination of different adhesions trointestinal tract (McFarland and Bernasconi, 1993;

4between strains while an inoculum of 10 cfu /ml did Wolf et al., 1995). Chronic ingestion of L. johnsonii
not. However, all tested strains appeared to adhere to LA 1 did not alter the jejunal permeability to
cardiac vegetations, at higher inoculum levels. The proteins in healthy humans (Marteau et al., 1997b).
model has been designed for other purposes, the In other cases, the safety of probiotics was studied
doses used are extremely high and unnatural and thus using several biological parameters (Donohue and
the relevance of the model should be validated and Salminen, 1996a,b).
correlated with results from epidemiological sur-
veillance studies. Additionally, in vitro models utilis-
ing endothelial cells or other cell systems may 2.2.1. Epidemiological surveillance
provide a more optimal and practical screening To date, the long history of safe use of probiotics
method. remains the best proof of their safety. As the risk

Acute toxicity studies, using the same procedures with each probiotic is assumed to be very low, the
as acute toxicity studies for chemicals were con- best approach in assessing it is probably to analyse it
ducted for several strains of probiotics (Donohue et retrospectively in epidemiology studies and prospec-
al., 1993; Donohue and Salminen, 1996a; Donohue tively using pharmacovigilance methods.
et al., 1998). No acute toxicity was observed with The studies by Saxelin et al., 1996a,b) provide
any strain. Translocation of probiotics can be studied examples of epidemiological surveillance. These
in animals, and can be increased using a lethal studies assessed whether the strains of lactobacilli
irradiation model simulating an immunocompro- involved in clinical infections were either identical to
mised state (for details see Dong et al., 1987). The dairy strains or to other commercial strains. The
specific role of probiotics in mucus degradation in value of such studies depends on its statistical power,
vivo can be assessed using gnotobiotic animals i.e. on the number of cases studied, but epi-
(Ruseler van Embden et al., 1995). Immunological demiological follow-up of introducing novel strains
side-effects of probiotics can be assessed in animals should be conducted for safety assessment.
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Table 2
Safety studies and reported effects of current probiotic strains and yoghurt strains (Alander et al., 1997; Donohue and Salminen, 1996b)

Probiotic Reported effect Safety /studies
strain In vitro /animal /human/studies

Lactobacillus Treatment of constipation 1

acidophilus allevation of radiotherapy
NFCO 1748 related diarrhoea, lowering

of faecal enzymes

Lactobacillus Balancing intestinal 1

casei Shirota microflora, prevention of
intestinal disturbances,
treatment of superficial
bladder cancer, lowering
of faecal enzymes, immune
enhancing, adjuvant

Lactobacillus Treatment of acute viral 1

GG (ACTT 53103) and bacterial diarrhoea in
infants, prevention of
antibiotics associated
diarrhoea, immune
enhancing, stabilisation of
intestinal permeability

Lactobacillus Immune enhancing, 1

acidophilus vaccine, adjuvant,
( johnsonii) LCI balancing intestinal

microflora

Bifidobacterium Prevention of rotavirus 1

bifidum diarrhoea

2.3. Theoretical adverse effects of probiotics nection with the illness could be proven and no proof
of its use in dairy products in general has been

Probiotics are living microorganisms. In theory, shown (Gallemore et al., 1995). Rare cases of local
they may be responsible for four types of side- or systemic infections including septicaemia and
effects: systemic infections, risk of deleterious meta- endocarditis due to lactobacilli, bifidobacteria or
bolic activities, risk of adjuvant side-effects and of other lactic bacteria have been reported but the
immunomodulation, risk of gene transfer. Genetic- numbers are very low in comparison with other
ally modified probiotic organisms are currently not bacteremia cases (incidence of enterococci 5–15%,
available for food use and their theoretical adverse lactobacilli 0.1%, leuconostocs , 0.01%) (Aquirre
effects are not considered. and Collins, 1993; Gasser, 1994; Patel et al., 1994;

Kalima et al., 1996; Saxelin et al., 1996a,b). Most
2.3.1. Infections LAB strains linked to clinical cases belong to the

Only very few cases of fungemia, all of which species Enterococcus faecium and E. faecalis but a
occurred in patients with a catheter, have been few belong to L. rhamnosus, L. casei or L.
reported in humans treated with the probiotic Sac- paracasei, and L. plantarum, (Gasser, 1994; Adams
charomyces boulardii, (Zunic et al., 1991), and no and Marteau, 1995; Gasser, 1994). Some cases have
cases of infection have until now been traced back to also been observed other lactobacilli, such as Lac-
LAB used in foods (Adams and Marteau, 1995). tobacillus acidophilus, Lactobacillus jensenii and
However, in one case of L. fermentum endocarditis, Lactobacillus paracasei, and with Leuconostocs
the role of a large daily consumption of milk and (Aquirre and Collins, 1993, Gasser, 1994; Dhodapkar
dairy products was discussed even though no con- and Henry, 1996). Nearly all patients have had
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serious underlying conditions which predisposed (Ruseler van Embden et al., 1994). A study per-
them to infection, particularly abnormal heart valves formed in healthy humans with a terminal ileostomy
in the case of endocarditis, and the presence of a demonstrated that L. acidophilus and Bifidobac-
catheter in cases of septicaemia (Horwitch et al., terium spp. ingested with fermented dairy products
1995). Known risk factors for other opportunists could transform conjugated primary bile salts into
such as extremes of age or pregnancy have not been non-toxic secondary bile salts in the small bowel
identified as risk factors for LAB-associated infec- (Marteau et al., 1995). As this biological effect was
tions (Adams and Marteau, 1995). In most cases of only minimal, although statistically significant, it
infection, the organism appeared to have come from should not be considered as a dangerous side-effect
the patient’s own microflora. In order to assess the of the tested product. However, this study draws
potential of lactobacilli to cause serious infections, attention to the potential risk of excessive deconjuga-
the prevalence of bacteremia due to Lactobacillus tion or dehydroxylation of bile salts in the small
species in Southern Finland during a 4- and a 6-year bowel by probiotics. Studies are currently being
period was studied and the characteristics of the undertaken to assess the effects of probiotics with
blood culture isolates and of dairy strains compared. high bile salt hydrolase activity (deconjugation).
In the first study, Lactobacilli were identified in 8 of Monitoring of side-effects in these studies will be of
3317 blood culture isolates and none of the isolates importance, and if a positive effect is observed, the
corresponded to a dairy strain (Saxelin et al., 1996a). therapeutic window of the probiotic should be de-
In the second study, 5192 bacteremia cases were termined.
reviewed with 12 infections caused by lactobacilli. Excessive degradation of the intestinal mucus
None of these cases could be related to either layer by probiotics may theoretically be detrimental.
commercial food, dairy or pharmaceutical strains Some endogenous bacteria, including lactobacilli,
(Saxelin et al., 1996b). and some strains of bacteroides have the ability to

One may speculate that the existence of digestive degrade mucus (Ruseler van Embden et al., 1989).
lesions, or immunodeficiency might favour transloca- Ruseler van Embden et al. (1995) studied the mucus
tion of probiotics from the gut lumen. However, it degrading properties of three probiotic strains con-
must be emphasised that S. boulardii has been tained in fermented milks (L. acidophilus, Bifidobac-
administered to patients with Crohn’s disease, to terium sp., L. rhamnosus GG). No mucus degra-
suppress enteritis and AIDS, and that no case of dation was observed in vitro or in gnotobiotic rats
infection was reported in the patients (McFarland monoassociated with the test strains.
and Bernasconi, 1993). In the few cases of fungemia Australian researchers have reported that lac-
due to S. boulardii, external contamination of the tobacilli isolated from cases of infective endocarditis
catheter was thought to be the route of entry. produce enzymes that may enable the breakdown of
Similarly, Lactobacillus strains have been adminis- human glycoproteins, and the synthesis and lysis of
tered during clinical trials to premature children and fibrin clots (Oakley et al., 1995). These characteris-
to subjects with Crohn’s disease or diarrhoeal dis- tics aid the colonisation and survival of bacteria
eases and no side-effects have been reported associated with an endocarditis vegetation (Oakley et
(Donohue and Salminen, 1996a,b). al., 1995). However, it remains unknown to date

whether they enhance the infectious risk to a relevant
2.3.2. Metabolic and enzymatic effects extent, and whether they should be considered

When the small bowel is colonised with a large undesirable in probiotic strains.
number of bacteria, those microorganisms present in
high numbers may induce diarrhoea and intestinal 2.3.3. Immunological effects
lesions, especially through deconjugation and dehy- Oral administration of high doses of LAB did not
droxylation of bile salts (Donohue et al., 1998). induce immunological side-effects in mice (Sartor et
After ingestion of some probiotics, the concentra- al., 1988). However, the immunological side-effects
tions of microorganisms passing through the small have been observed in rats with systemic uptake of
bowel may become as abundant as observed during cell wall polymers from the intestinal lumen via
pouchitis and small bowel bacterial overgrowth colonic injury (McConnel et al., 1991), and during
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small bowel bacterial overgrowth (Blancuzzi et al., acidification. A wide variety of different techniques
1993). To our knowledge, no immunological side- was used to evaluate the antibiotic sensitivity, and it
effect of any probiotic has been reported in man. is therefore difficult to compare data and make any

However when administered parenterally, bacterial definitive conclusions. Since dairy starter strains do
cell wall components such as peptidoglycans from not have any clinical significance there has not been
different gram-positive bacteria, including lactobacil- any need to standardize the procedures even in later
li, can induce side-effects such as fever, arthritis, times. However, it appears that the thermophilic
cardioangitis, hepatobiliary lesions or autoimmune yoghurt starters are more sensitive to penicillin than
diseases (Schwabb, 1993). These side-effects are the mesophilic cocci, while the opposite seems to be
mediated by cytokines, and it is now well demon- true with streptomycin (Cogan, 1972). Although
strated that cytokine secretion is elicited by some some resistances appeared to be strain or species
probiotics (Miettinen et al., 1996; Perdigon et al., specific no pattern suitable for classification has
1991; Miettinen et al., 1996). emerged (Reinbold and Reddy, 1974).

Among the lactobacilli antibiotic resistance has
2.4. Reported probiotic related adverse effects been reported for strains isolated in pork and beef

(Raccah et al., 1985; Ametrano-Vidal and Collins-
Until now, no case of clinical infection has been Thopson, 1987), and especially from human and

traced to ingested probiotic LAB (Adams and Mar- animal gastrointestinal tracts. Among 45 strains of
teau, 1995; Saxelin et al., 1996a,b). Three cases of Lactobacillus fermentum originating from human
fungemia during oral treatment with the yeast Sac- faeces most showed a low level penicillin resistance
charomyces boulardii have been reported, which all with minimal inhibitory concentrations (MIC) of
resolved during antifungal therapy (Pletinx et al., 0.03–0.44 U/ml while two isolates had MICs of 17
1995). Two of them occurred in patients receiving and 13 U/ml. The penicillin resistance of these two
intestinal decontamination with multiple antibiotics strains could be eliminated by acriflavine treatment
and all of them occurred in patients with a catheter. (Yokokura and Mutai, 1976). Resistance patterns
An extended contamination of the catheter was among lactobacilli isolated from the human vagina
proposed. In one case, the role of an excessive were rather similar to those observed among in-
dosage of S. boulardii (90 mg/kg/day instead of 50) dustrial isolates, erythromycin resistance being a
was also discussed but increasing the daily dose may common phenomenon (Torriani et al., 1988).
not be the reason for translocation (McFarland and Dutta and Devriese (1981a), (1981b) isolated
Bernasconi, 1993; Elmer et al., 1996). Clinical several intestinal lactobacilli of animal origin (pigs,
diseases due to deleterious metabolic effects of poultry and cattle) showing variable degrees of
probiotics seem not to be reported. resistance against macrolide– lincosamide–streptog-

ramin (MLS) antibiotics or growth promoters such
as avoparcin, bacitracin or carbadox. They found that

3. Occurrence of antibiotic resistance in lactic Lactobacillus acidophilus was consistently avopar-
acid bacteria and bifidobacteria cin-sensitive, and Lactobacillus brevis strains were

susceptible to bacitracin. Bacitracin- resistant lac-
3.1. Lactic acid bacteria tobacilli were prevalent in cattle and poultry, and

carbadox-resistant isolates in pigs. As bacitracin in a
From the end of 1950 up to 1980 there were growth promoter for cows and broilers and carbadox

several studies on the antibiotic sensitivity and for swine, the results suggest that growth promoters
resistance of dairy starter bacteria (Whitehead and positively select resistant strains. No plasmid analy-
Lane, 1956; Marth and Ellickson, 1956; Richards sis of the isolates was reported.
and Kennedy, 1960; Feagan, 1962; Vakil and Several animal isolates of Lactobacillus
Shahani, 1969a,b; Cogan, 1972; Reinbold and acidophilus and Lactobacillus reuteri were tested for
Reddy, 1974; Sozzi and Smiley, 1980). This was antibiotic resistance by Sarra et al. (1982). All 16
triggered by the problems caused by antibiotic Lactobacillus reuteri strains were resistant to van-
residues in milk causing starter failures in milk comycin and polymyxin B irrespective of their
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source, while only four of the thirty Lactobacillus (1980) could indicate by curing experiments the
acidophilus strains were vancomycin resistant and plasmid-linkage of tetracycline and erythromycin
seven chloramphenicol resistant. All but one of the resistances in Lactobacillus fermentum isolated from
chloramphenicol resistant isolates were derived from human faeces. Curing techniques have been applied
poultry. by Vescovo et al. (1982) to study the strain depen-

Antibiotic resistance screening has shown that the dent resistance to macrolides, tetracycline and
spontaneous mutation rate to antibiotic resistance chloramphenicol in Lactobacillus acidophilus and
among lactobacilli can be quite high (in the order of Lactobacillus reuteri of animal origin. Plasmid dis-

52 ? 10 , depending on the strain (Curragh and Collins, appearance and loss of chloramphenicol resistance
1992), and this suggests a large strain specific was observed by Morelli et al. (1983) in one strain
variation to the antibiotic resistance patterns within of Lactobacillus acidophilus and two strains of
the genus. Lactobacillus reuteri isolated from poultry.

Plasmid association has been suggested also in the
3.2. Bifidobacteria variety of antibiotic resistances among the lactobacil-

li isolated from Nigerian fermented foods (Olukoya
Lim et al. (1993) assayed 37 natural bifidobacteri- et al., 1993).

al isolates against 18 different antibiotics. The inher- More detailed molecular analyses are available
ent resistance of these organisms against neomycin, from four antibiotic resistance plasmids in lactobacil-
nalidixic acid and polymyxin B, already reported by li. An erythromycin-resistance plasmid pLUL631
Miller and Finegold (1967), was confirmed. Variable (Axelsson et al., 1988), encoding MLS-resistance of
and strain dependent resistances were observed with ermA-type, has been detected in Lactobacillus reu-
the rest of the antibiotics tested. No genetic studies teri 1063 isolated from pig intestine. Another MLS-
on the bifidobacterial antibiotic resistance appears to resistance plasmid, pLAR33a (of ermC-type) has
have been published. been isolated from Lactobacillus sp. also of swine

origin (Rinckel and Savage, 1990). A third example
3.3. Antibiotic resistance plasmids in lactobacilli of MLS-resistance plasmids, this time isolated from

a Lactobacillus reuteri derived from mouse faeces, is
Irreversible loss of antibiotic resistance from a pGT633 coding for an ermC (or as the authors put it

strain as a result of a treatment (i.e. exposure to ermGT) type of resistance and being able to replicate
acriflavin) known to eliminate plasmids, is an indica- in a number of Gram-positive hosts (Tannock et al.,
tion that the resistance is plasmid-linked. When the 1994).
actual disappearance of a certain plasmid can be A chloramphenicol resistance gene was localized
physically shown or, alternatively, the transfer of this on a plasmid of a Lactobacillus plantarum strain
plasmid to a sensitive strain makes the strain anti- isolated from raw, ground pork (Ahn et al., 1992).
biotic resistant, the plasmid-linkage can be consid- The plasmid could either be electrotransformed into
ered verified. The final proof is the localisation of other hosts or conjugatively transferred to a number
antibiotic resistance gene(s) on the plasmid by means of other Gram-positive bacteria by the help of a wide
of cloning or hybridization. host range, originally enterococcal (Clewell et al.,

Antibiotic resistance plasmids are of special inter- 1974) erythromycin resistance plasmid pAMß1.
est from the safety point of view, because they may
be conjugatively transferred to other strains, species, 3.4. Vancomycin resistance of enterococci and in
and even genera, including potential human or various genera of lactic acid bacteria
animal pathogens. While some of the resistances
mentioned in Section 3.3 may well be plasmid Vancomycin belongs to glycopeptide antibiotics,
encoded, direct evidence of antibiotic resistance which inhibit the peptidoglycan synthesis. Peptido-
plasmids has been obtained mainly in lactobacilli and glycan is an important structural component of the
enterococci. bacterial cell wall. Therefore Gram-positive bacteria

Several antibiotic resistance plasmids from lac- are especially vulnerable to vancomycin treatment.
tobacilli have been detected. Ishiwa and Iwata Vancomycin acts by forming a complex with the
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carboxyterminal D-alanine (D-ala) residue in the Japanese clinical case caused by vancomycin resis-
building blocks of the bacterial cell wall peptido- tant staphylococci, although the origin of the resist-
glycan (Reynolds, 1989). The complex formation ance genes is not yet known [Dr. Jaana Vuopio-
prevents the transglycosylation reaction essential to Varkila, National Public Health Institute, Helsinki,
the growth of nascent peptidoglycan polymer (Arthur Finland, personal communication].
et al., 1996). Two types of conjugative genetic systems coding

Generally, the resistance against vancomycin is for vancomycin resistance exist in enterococci (Fig.
based on the modification of the peptidoglycan 2). The vanA system is inducible and conveys a high
precursor with the replacement of the terminal D- level resistance to vancomycin and teicoplanin, while
alanine by D-lactate or in some cases by D-serine the so-called vanB system causes an inducible resist-
(Bugg et al., 1991). However, at least two different ance to variable levels of vancomycin only (Arthur et
mechanisms to reach that end exist among bacteria, al., 1996).
of which one is typical for enterococci displaying the The vanA system has been characterized from a
transmissible vancomycin resistant phenotype. The nonconjugative transposon (or a mobile gene bloc)
other can be found in several species and genera of Tn1546 (Arthur et al., 1993, 1996). It consists of
LAB (Arthur et al., 1996; Billot-Klein et al., 1994, nine genes, seven of which are involved in the
Handwerger et al., 1994). production of vancomycin resistant phenotype. The

key enzymes are a ligase (VanA) and a dehydro-
3.5. Enterococcal vancomycin resistance genase (VanH). The former causes the linkage of

D-lactate instead of D-alanine as the terminal residue
Although enterococci are normal inhabitants of the in the peptidoglycan precursor, and the latter the

gastrointestinal tract and are widely used both as reduction of pyruvate to D-lactate. In addition, there
human and as animal probiotics, concerns have been is a two-component induction system (VanR–VanS)
expressed about safety issues. Certain enterococcal regulating the synthesis of VanA, VanH and VanX
strains have been encountered in clinical infections (VanX is a dipeptidase eliminating the terminal D-
(Facklam, 1972; Shlaes et al., 1989). Conjugative alanine). The additional vancomycin resistance genes
antibiotic resistance plasmids — like pAMß1 men- are vanY encoding a carboxypeptidase with similar
tioned previously — are common in enterococci, and functions to VanX and vanZ causing teicoplanin
the transfer of this plasmid has been shown to occur resistance by an unknown mechanism.
in vivo to an Enterococcus faecalis recipient strain in The vanB system is very similar to vanA (Evers
germ-free mice (Morelli et al., 1988). Especially the and Courvalin, 1996; Arthur et al., 1996). The
enterococcal conjugative vancomycin resistance has principal differences are in the regulatory systems
lately raised serious fears of the transmission of this and in the structure of VanY-type carboxypeptidase.
trait to species and genera of clinical significance. In vanB system the vanZ teicoplanin resistance gene

Enterococcal strains displaying a high level resist-
ance to vancomycin have been isolated from clinical
cases in the late 1980s (Uttley et al., 1988; Shlaes et
al., 1989) and vancomycin resistant enterococci are
nowadays commonly associated with nosocomial
infections in hospital epidemics (Woodford et al.,
1995; Leclercq and Curvalin, 1997). This resistance
was found to be in vitro transferable, in addition to
other enterococcal strains, also to other Gram-posi-
tive bacteria including Listeria (Leclercq et al.,
1989) and Staphylococcus aureus (Noble et al.,
1992). This finding is important and should be
further studied, since vancomycin is one of the last
antibiotics that are effective against multidrug-resis- Fig. 2. Mechanism of enterococcal vancomycin resistance
tant staphylococci. In fact there has been a recent (Donohue et al., 1998; Donohue and Salminen, 1996a).
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is lacking, instead there is a gene, vanW, with an biological examinations no sequences resembling the
unknown function. The vanA system is typically enterococcal vancomycin-resistance genes could be
located on large plasmids or, in some cases, on detected in Lactobacillus GG. In conclusion, there is
chromosomal elements, while the vanB gene clusters so far no indication that the vancomycin resistance in
seem to be exclusively chromosomally located. Both Lactobacillus GG is related to the transmissible
types are conjugatively transmissible to recipients enterococcal types of resistance.
representing different strains, species and even ge-
nera. In some motile enterococcal species (E. gal-
linarum, E. casseliflavus, E. flavescens) there exists 4. Conclusions
also a third type of vancomycin resistance, vanC
(Evers et al., 1996; Arthur et al., 1996). In this An enormous amount of money and energy can be
system the terminal D-alanine is replaced by D-serine. spent in assessing the risk of each probiotic strain. A
The genetic bases of vanC type of resistance has not low risk may be accepted, but the risk to benefit ratio
been elucidated to the same extent as the vanA and needs to be clearly established. This requires relevant
vanB systems. information on the efficacy and safety of the prod-

ucts. When novel strains, species and genera are
3.6. Vancomycin resistance in certain other lactic selected for probiotic use the current safety assess-
acid bacterial genera ment procedures described in the EU novel foods

directive need to be carefully followed (Huggett and
The presence of peptidoglycan precursors termi- Conzelman, 1997).

nating with D-lactate instead of D-alanine has been LAB display a wide range both of natural and
demonstrated in lactobacilli, pediococci and antibiotic sensitivity and resistance. In most cases
leuconostocs intrinsically resistant to high levels of antibiotic resistance is not of the transmissible type,
vancomycin (Handwerger et al., 1994; Billot-Klein but represents an intrinsic species or genus specific
et al., 1994). The ligases responsible to this modi- characteristic of the organism. These cases are not
fication are, however, on the molecular level only likely to constitute any safety concern. LAB and
very distantly related to enterococcal VanA or VanB related organisms (with the exception of enterococci)
ligases (Elisha and Courvalin, 1995; Evers et al., are seldom associated with infections, and even in
1996) and no induction of this type of resistance has those cases there are plenty of safe antibiotics
been observed (Hugyens, 1995). There has been, so available to which they are sensitive. This applies
far, no indication that this vancomycin resistance also to species and genera intrinsically resistant to
would represent an inducible, transmissible genetic vancomycin.
system similar to those observed in enterococci. Although plasmid-linked antibiotic resistances are

not very common among LAB they do occur, and
3.7. Vancomycin resistance in probiotic strains of safety implications should be taken into considera-
lactobacilli tion. Strains harbouring resistance plasmids should

not be used either as human or animal probiotics.
As vancomycin resistance is an intrinsic property Checking the ability of a proposed probiotic strain to

of many LAB it is to be expected that probiotic act as a donor of conjugative antibiotic resistance
strains could also have this phenotype. Relatively genes may be a prudent precaution in some instances
few studies have been carried out on this issue. (and in particular in the case of animal feeding,

The results of the extensive studies performed by where the use of antibiotics as growth promoters
Tynkkynen et al., 1998 on a probiotic lactobacillus apparently creates selective advantage for spreading
Lactobacillus rhamnosus GG (Lactobacillus GG) of the resistance factors).
can be summarized as follows: The enterococcal strains are normal inhabitants of

Lactobacillus GG neither transferred its van- the gastrointestinal tract and are present in many
comycin resistance to sensitive recipients nor re- traditional fermented foods without any apparent
ceived antibiotic resistances from enterococcal risk. However, the indiscriminate use of antibiotics
donors in conjugation experiments. In molecular in human and veterinary medicine as well as animal
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growth promoters have created a situation where the novel food it henceforth will be subject to the
spread of multidrug resistances by enterococcal appropriate legal approval (EU directive for novel
carriers is possible, as indicated by Morelli et al., foods).
1988. The enterococcal transmissible vancomycin (3) When a strain has a long history of safe use, it
resistance poses an important issue, both in the will be safe as a probiotic strain and will not result in
treatment of enterococcal infections, and in the a novel food.
apprehended case where the resistance could be (4) The best test for food safety is a well
transferred into multidrug-resistant staphylococci. documented history of safe human consumption.
However, no evidence of this occurring in clinical Thus, when a strain belongs to a species for which
cases has been demonstrated so far. It is self-evident no strains are known that are pathogenic and for
that no vancomycin resistant enterococci should be which other strains have been described that have a
used as either human or animal probiotics. In animal long history of safe use, it is likely to be safe as a
feeding, where growth promoters like avoparcin may probiotic strain and will not result in a novel food.
be used, even the vancomycin sensitive strains (5) When a strain belongs to a species for which
should have exceptionally well documented positive no pathogenic strains are known but which does not
effects to counteract the small risk that they may have a history of safe use, it may be safe as a
receive the resistance from some donor. Finally, it probiotic strain but should be regarded as a novel
should be noted that the concern of transferable food and hence should be treated as such.
antibiotic resistance is a result of a major problem (6) When a new strain belongs to a species for
related to the abuse of antibiotics in general. which pathogenic strains are known, it will result in

a novel food.
4.1. Recommendations and conclusions for safety (7) Proper state of the art taxonomy is required to
of probiotic cultures for traditional or novel foods describe a probiotic strain. Today this includes

DNA–DNA hybridization and rRNA sequence de-
The EU regulation covers novel food and food termination. This reasoning specifically applies to

ingredients which have not hitherto been used for mutants of a probiotic strain.
human consumption to a significant degree within (8) In line with recommendation (1), strains that
the EU. In probiotics, the major difference is that we carry transferable antibiotic resistance genes, i.e.
have to consider whether foods or food ingredients genes encoding proteins that inactivate antibiotics,
consisting of or containing microorganisms are should not be marketed.
novel. Genetically modified organisms are by defini- (9) Strains that have not been properly taxonomi-
tion always novel. For other microbes the safety cally described using the approaches as indicated
assessment is based on the decision of the novel above under (7) should not be marketed. Strains
status. This includes the phenotypic and genotypic should also be deposited in an internationally recog-
characterisation and the occurrence of such microbes nised culture collection.
in foods as well as previous history of use. Thus,
further criteria are then defined if a ‘novel’ status is
given. In case of Lactobacillus GG and Lactobacillus Acknowledgements
johnsonii the UK Advisory Committee on Novel
Foods and Ingredients has assessed the strains and The financial support from EU FAIR Demonstra-
concluded that they are not novel. All other current tion project CT96-1028 is gratefully acknowledged.
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them and ensuring the safety of current probiotic
bacteria.
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