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Safety aspects of probiotic products 
By Philippe Marteau 

ABSTRACT 
Probiotics (i.e. ingested living microorganisms) may theoretically be responsible for four types 
of side effects: systemic infections, deleterious metabolic activities, excessive immune 
stimulation in susceptible individuals, and gene transfer. Very few cases of adverse events have 
been reported in humans consuming probiotics, and these are summarized in this paper. I also 
briefly summarize the three approaches which can be used to assess the safety of a probiotic 
strain: studies on the intrinsic properties of the strain, studies on its pharmacokinetics, and studies 
searching for interactions between the strain and the host. 
Key words: Bijidobacterium, Lactobacillus, probiotics, safety, side effects 

Introduction 
Probiotics are commonly defined as viable microorganisms 
(yeast or bacteria) that exhibit a beneficial effect on the health of 
the host when they are ingested. They are used in drug 
formulations but also in foods, especially in fermented dairy 
products. The use of lactic acid bacteria (LAB) in foods has a 
long history. There is a growing interest in the development of 
new and more active strains, and the question of their safety is 
raised (1,2). We discuss here which adverse effects might 
theoretically be induced by probiotics, which of them have been 
documented in literature, and briefly summarize how the safety 
of probiotic products can be studied. 

What are the adverse events which may theoretically be 
induced by probiotic products and which have been observed? 

Probiotics may theoretically be responsible for four types of 
side effects: systemic infections, deleterious metabolic activi- 
ties, excessive immune stimulation in susceptible individuals, 
and gene transfer. 

Infections 
Probiotic microorganisms are not selected among pathogens, 
and the theoretical risk of infections is very low. Rare cases of 
local or systemic infections including septicemia and 
endocarditis due to lactobacilli, bifidobacteria or other LAB 
have been reported (3,4). Most Lactobacillus strains isolated 
from clinical cases belong to the species L. rhamnosus, L. casei 
or paracasei, and L. plantarum. Enterococcus faecium and E. 
faecalis are more frequently involved in clinical infections, and 
there is concern over the emergence of vancomycin-resistant 
strains (5). In most cases of infection, the organism appeared to 
have come from the patient's own microflora. However, in a few 
cases, the recent use of probiotics by the subject was mentioned 
as a potential cause. Thirteen cases of fungemia have been 
reported in humans treated with the probiotic Saccharomyces 
boulardii (6), and two case of infection have been traced back to 
food-borne Lactobacillus rhamnosus (7,8). Hennequin et al. (6) 
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reported four cases of fungemia due to S. boulardii and discussed 
literature data. All thirteen subjects who had fungemia had an 
indwelling vascular catheter. Contamination of the air, environ- 
mental surfaces, and hands of the nurses following the opening 
of the probiotic packets strongly suggested that catheter 
contamination was the source of infection. 

It is now therefore recommended for hospitalized patients that 
packets or capsules of S. boulardii (and in my opinion of any 
probiotic) should be opened (only whenever needed) with gloves 
and outside the patient's room (6). 

The case of infection due to L. rhamnosus similar to the GG 
strain was observed in a 74-year-old woman with non-insulin 
dependent diabetes (7). She suffered from a liver abscess, 
associated with a right basal pneumonia and a right-sided pleural 
empyema. No obvious cause of liver abscess was found, and the 
hepatic abscess aspirate showed that the microorganism was a L. 
rhamnosus. The woman reported a daily intake of about one-half 
litre of dairy drinks containing L. rhamnosus GG during the 4 
months before her symptom. The clinical strain was compared 
with different L. rhamnosus strains, and appeared to be 
indistinguishable from the GG strain. Another case of infection 
due to L. rhamnosus was recently published (8). It concerned a 
67-year-old man with a mild mitral valve regurgitation, and who 
had carious teeth removed and who received as prophylaxis 3 g 
amoxicillin 1 h before the procedure. This man was used to 
consuming probiotic capsules containing a mixture of L. 
rhamnosus + L. acidophilus + S. faecalis and as he had found 
them too large to swallow, "he was in the habit of emptying their 
contents into his mouth and chewing them with milk". A few 
days after the dental extraction, he suffered from an endocarditis, 
and L. rhamnosus was isolated from several blood cultures. 
Further analysis showed that one of the organisms cultured from 
the probiotic capsule was indistinguishable from that isolated 
from the blood (cultural appearance, APISO, sensitivity pattern, 
pyrolysis mass spectrometry) (8). 

In order to assess the potential of probiotic lactobacilli to cause 
serious infections, Saxelin et al. (9,lO) studied the prevalence of 
bacteriemia due to Lactobacillus species in Southern Finland 
during a 4-year period and a 6-year period, and compared the 
characteristics of the blood culture isolates and of dairy strains. 
In their first study, lactobacilli were identified in eight out of 
3,3 17 blood culture isolates and none of the isolates correspon- 
ded to a dairy strain. In the second study, 5,912 blood cultures 
were analysed, and none of the 12 lactobacilli isolated was 
identical to any of the commercial Lactobacillus strains (10). 

To summarize, the risk of infection is not nil but extremely low. 
Nearly all patients with infections due to probiotic micro- 
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organisms or to microorganisms close to probiotics have had 
underlying conditions which predisposed them to infection, 
particularly abnormal heart valves in the case of endocarditis, 
and the presence of a catheter in cases of septicemia. Other risk 
factors for opportunists such as extremes of age, pregnancy, 
immunodeficiency or digestive lesions have not been identified 
as risk factors for probiotic infections. 

Metabolic effects 
If one admits that probiotics can vehiculate or promote metabolic 
activities in the gut that may have positive effects for health, one 
may also admit that they may induce other metabolic activities 
which may be detrimental to the host. 

During bacterial colonization of the small bowel, the 
microorganisms present in the small bowel in high numbers can 
induce diarrhoea and intestinal lesions, especially through 
deconjugation and dehydroxylation of bile salts (11). After 
ingestion of some probiotics, the concentrations of micro- 
organisms transiting through the small bowel reach the same 
order of magnitude as that observed during small bowel bacterial 
overgrowth (1 1). In a study performed in healthy humans with a 
terminal ileostomy, we demonstrated that L. acidophilus and 
Bi f idobac ter i  sp. ingested as fermented dairy products could 
transform conjugated primary bile salts into toxic free secondary 
bile salts in the small bowel (1 1). As this biological effect was 
only minimal, although statistically significant, it should not be 
considered as a dangerous side effect of the tested product. 
However, this study drew attention to the potential risk of 
excessive deconjugation or dehydroxylation of bile salts in the 
small bowel by probiotics. 

Excessive degradation of the intestinal mucus layer by pro- 
biotics may theoretically be detrimental. Some endogenous 
bacteria including lactobacilli and some strains of bifidobacteria 
have the ability to degrade mucus. Ruseler-van Embden et al. 
studied the mucus-degrading properties of three probiotic strains 
contained in fermented milks (L. acidophilus, Bzjidobacterium sp, 
L. rhamnosus GG). No mucus degradation was observed in vitro 
nor in gnotobiotic rats monoassociated with the test strains (12). 

Australian researchers have reported that lactobacilli isolated 
from cases of infective endocarditis produce enzymes that may 
enable the breakdown of human glycoproteins, and the synthesis 
and lysis of fibrin clots. These characteristics aid the coloniza- 
tion and survival of bacteria infecting an endocarditis vegetation 
(13). However, it remains unknown to date whether they signi- 
ficantly enhance the infectious risk to a relevant extent, and 
whether they should be considered undesirable in probiotic strains. 

Immunological adverse events 
When administered parenterally, bacterial cell wall components 
such as peptide-glycan-polysaccharides from different gram- 
positive bacteria including lactobacilli can induce side effects 
such as fever, arthritis or auto-immune diseases (14). These side 
effects are mediated by cytokines, and it is now well demon- 
strated that cytokine secretion is elicited by some probiotics (14). 
This property varies between strains (15). Oral administration of 
high doses of LAB did not induce immunological side effects in 
mice (16). However, a systemic uptake of cell wall polymers 
from the intestinal lumen, hence the immunological side effects, 
has been observed in rats with colonic injury (17), and during 
small bowel bacterial overgrowth (14). To our knowledge, no 
immunological side effect of a probiotic has been reported in 
man, except one case of auto-immune hepatitis which might 
have been enhanced by ingestion of large doses of yoghurt (1 8). 
Potential enhancement of other auto-immune diseases by 
probiotic consumption should be studied. 

Gene transfer 
Some antibiotic resistance genes, especially those encoded by 
plasmids, can be transferred between microorganisms. This 
property raises the question whether resistance genes can be 
transferred by probiotics to the endogenous flora or to pathogens. 
McConnel et al. demonstrated that the plasmid pAMl31, which 
codes for macrolide resistance, could be transferred from 
Lactobacillus reuteri to E. faecium, and E. faecalis in the mouse 
gastrointestinal tract (19). The risk of gene transfer depends on 
the nature of the genetic material to be transferred (plasmids, 
transposons, etc.), on the nature of the donor and recipient 
strains, on their concentrations and contacts, and on selection 
pressure (especially the presence of antibiotics which can 
selectively promote the growth of the transconjugants). It is 
difficult to assess in vivo and in vitro, and it is more difficult to 
state what probability level of gene transfer is acceptable. 

Vancomycin is used more and more often for treating patients 
with infections caused by gram-positive microorganisms, espe- 
cially during nosocomial infections due to methicillin-resistant 
staphylococci. Reports of clinical infections caused by vanco- 
mycin-resistant organisms including staphylococci, entero- 
cocci, lactobacilli, leuconostocs, and pediococcus have also 
been more frequent in recent years. Vancomycin resistant Entero- 
coccus faecium infections are especially dangerous (5). The 
safety, and long-term effects on antibiotic resistance of E. 
faecium strains used as probiotics thus clearly need careful 
assessment (2,5). The situation is not the same for other LAB, 
despite the fact that many of them are naturally resistant to 
vancomycin. Indeed, this natural intrinsic resistance of lacto- 
bacilli, leuconostocs and pediococci is chromosomally encoded 
and not inducible or transferable (20), and these microorganisms 
are sensitive to many other antibiotics. 

How to assess the safety of probiotic products? 
Three approaches can be used to assess the safety of a probiotic 
strain: 
1) studies on the intrinsic properties of the strain, 
2) studies on the pharmacokinetics of the strain, 
3) studies searching for interactions between 

the strain and the host. 

Intrinsic properties of probiotic strains 
As discussed above, some enzymatic properties such as ex- 
cessive deconjugation of bile salts or degradation of mucus 
might be potentially detrimental and can be studied in vitro. 

Pharmacokinetics of probiotics 
The survival of ingested probiotics at different levels of the 
gastrointestinal tract differs between strains (21). It can be 
measured in vivo using faecal collection, intestinal intubation 
techniques or identification of strain on mucosal biopsies. 
Several in vitro models can help to predict the fate of ingested 
strains. 

Adverse interactions - the pvobiotic and the host 
Illness related to microbiological agents in food is much more 
difficult to predict than illness due to chemical agents (22). 
Experience with pathogenic microorganisms in food has shown 
that the zero risk does not exist but that quantitative risk assess- 
ment is needed. However, the concept of "minimal infective 
dose" is very difficult to realize because of the large number of 
microbial and host factors involved and the high potential for 
individual differences. 

Animal studies: Animal models are, unfortunately, of limited 
value in microbial risk assessment (22). Indeed, there is a high 
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variability of response between species which makes extra- 
polation of results obtained in animals to humans hazardous. 
However, some models can provide interesting information. For 
example, gnotoxenic animals can help to predict effects of 
intrinsic properties of probiotic strains on the host. Experiments 
performed in animal-susceptible to dieases could also be used to 
predict the risk of disease exacerbation or amelioration in 
humans. 

Acute toxicity studies were conducted for several strains of 
probiotics, using the same procedures as acute toxicity studies 
for chemicals (23,24). No acute toxicity was observed (23). Few 
studies have shown that gene transfer between microorganisms of 
the flora can be assessed in animals (19), and the relevance of such 
models is probably greater than that of in vitro mating 
experiments which poorly simulate the contacts between bac- 
teria in the gut. 

Healthy volunteers and monitoring of safety during clinical 
trials: A rather large amount of data from short-term clinical 
trials on healthy volunteers attest the safety of probiotics. In most 
studies, it is only mentioned that the probiotic did not induce 
more side effects than the placebo or that its tolerance was 
excellent. In some studies, the presence (or absence) of gastro- 
intestinal disorders has been especially studied, which seems 
rational since the first and probably only contact between 
probiotics and the host occurs in the gastrointestinal tract (2). In 
a few studies, biological parameters were analysed either 
because it was thought that the probiotic might have influenced 
them. For example, we showed that the chronic ingestion of L. 
johnsonii LA1 did not alter the jejunal permeability to proteins 
in healthy humans (25). In other cases, the safety of probiotics 
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Epidemiology and "phamacovigilance " 
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Available data do not suggest that the risk is higher in immuno- 
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Conclusions 
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1) that the zero risk does not exist, and that acceptance of the 

concept that probiotics may not only have positive effects 
but potentially also side effects is important 

2) that the safety of the current products is excellent 
3) that further epidemiological and clinical studies are useful 

for a proper monitoring of the consumer safety. 
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