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Risk and Safety of Probiotics
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Probiotics have been used safely for years. Safety outcomes are inconsistently reported in published clinical
trials. In 2011, a report released by the Agency for Healthcare Research and Quality concluded that, although
the existing probiotic clinical trials reveal no evidence of increased risk, “the current literature is not well
equipped to answer questions on the safety of probiotics in intervention studies with confidence.” Critics
point out that the preponderance of evidence, including the long history of safe probiotic use as well as data
from clinical trials, and animal and in vitro studies all support the assumption that probiotics are generally
safe for most populations. Theoretical risks have been described in case reports, clinical trial results and exper-
imental models, include systemic infections, deleterious metabolic activities, excessive immune stimulation
in susceptible individuals, gene transfer and gastrointestinal side effects. More research is needed to properly
describe the incidence and severity of adverse events related to probiotics.
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Probiotics have been used safely in foods and dairy
products for over a hundred years. Recently, there has
been increasing interest in their use to prevent, mitigate
or treat specific diseases. A multitude of clinical trials
have investigated the use of probiotics for diseases rang-
ing from necrotizing colitis in premature infants to hy-
pertension in adults [1, 2]. Examples of populations
studied and associated adverse events seen are in
Table 1. Safety outcomes are inconsistently reported
in published clinical trials.

The US Food and Drug Administration (FDA) desig-
nation Generally Recognized as Safe (GRAS) has been
applied to certain probiotic organisms when added to
food (http://www.fda.gov/food/Ingredientspackaging
Labeling/GRAS/), although few systematic safety stud-
ies have been done, especially in vulnerable populations.

In 2011, a report was released by the Agency for
Healthcare Research and Quality (AHRQ) based on re-
search sponsored by the National Institutes of Health
and the FDA and conducted by the Southern California
Evidence-based Practice Center reviewing the safety of

probiotics. The report was an exhaustive review of the
literature including 622 studies of organisms from 6
genera: Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and Bacillus. The authors
of the report concluded that, although the existing pro-
biotic clinical trials reveal no evidence of increased risk,
“the current literature is not well equipped to answer
questions on the safety of probiotics in intervention
studies with confidence [3].” The vast majority of the
existing published studies simply have not adequately
assessed and reported on safety. In a commentary on
this report, Wallace and MacKay [4] point out that
“to explore the question ‘are probiotics safe’ using a
drug-based framework assumes that the literature will
include drug-like safety and toxicology data.” Indeed,
one can presume that this type of data was omitted
from the majority of clinical trial reports in the litera-
ture because the researchers didn’t have any reason to
think that such detailed safety assessments would be
either necessary or even appropriate. Wallace and
MacKay suggest that the research community should
recognize that the most appropriate way to evaluate the
safety of such products is based on the “totality of evi-
dence” at least in healthy populations. This evidence in-
cludes its long history of safe use as well as data from
clinical trials, and animal and in vitro studies. To make
the point that the results of the AHRQ report should
be used to support rather than raise doubts about the
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safety of probiotics, they make an astute comparison to the study
of apples, stating that “if the AHRQ intended to answer the ques-
tion ‘are apples safe?’ it would likely come to the same conclusion,
which is that the current literature is not well equipped to answer
questions on the safety of apples with confidence.”

It should be noted that just as no 2 probiotic strains can be
expected to have exactly the same clinical effect, each probiotic
strain, including those that have not yet been developed, would
be anticipated to have a different safety profile. Perhaps more
importantly, the safety of a commercially available probiotic
product depends not only on the probiotic organism but on
the other constituents of the product, be it a food or medicinal
formulation.

According to a 2002 report jointly released by the World
Health Organization (WHO) and the Food and Agriculture Or-
ganization (FAO) of the United Nations (http://www.fda.gov/
ohrms/dockets/dockets/95s0316/95s-0316-rpt0282-tab-03-ref-
19-joint-faowho-vol219.pdf ), “probiotics may theoretically be
responsible for four types of side effects:

1. Systemic infections.
2. Deleterious metabolic activities.
3. Excessive immune stimulation in susceptible individuals.
4. Gene transfer”.

Minor gastrointestinal symptoms have also been reported.
The WHO/FAO working group recommended that new pro-

biotic strains be evaluated for safety by testing for antibiotic

resistance, toxin production and hemolytic potential, assessing
metabolic activities such as D-lactate production and bile salt
deconjugation, conducting human studies to evaluate side ef-
fects and post-market surveillance of commercial consumers,
and, ideally, studying their use in immunocompromised ani-
mals to determine infectivity of the probiotic organism in this
type of host. What follows is a summary of what is known about
each category of potential adverse event.

SYSTEMIC INFECTIONS

A number of case reports describe episodes of infection caused
by organisms consistent with probiotic strains in patients who
consumed probiotics prior to symptom onset. The most com-
monly reported single event is fungemia, with at least 33 reports
of the presence of Saccharomyces cerevisiae or Saccharomyces
boulardii (these organisms are microbiologically indistinguish-
able) in blood cultures of patients who had consumed the pro-
biotic S. boulardii [29–50]. At least eight cases of bacteremia
associated with Lactobacilli have been reported, including Lac-
tobacillus acidophilus, Lactobacillus casei, and Lactobacillus GG
[51–56].

Nine cases of overt sepsis have been reported [57–63], asso-
ciated with S. boulardii [cerevisiae], Lactobacillus GG, Bacillus
subtilis, Bifidobacterium breve, or combination probiotics.

Endocarditis events due to both Lactobacillus and Streptococ-
cus probiotics have been reported as well [64, 65]. The

Table 1. Populations Studied in Clinical Trials and Toxicity Seen

Population Strains Studied Toxicity Seen

Children [5, 6] Enterococcus T-110, Clostridium butyricum, Bacillus mesentericus,
Bifidobacterium longum

None

Hospitalized children [7, 8] LGG, Lactobacillus acidophillus, Lactobacillus rhamnosum,
Bifidobacterium longum, Bifidobacterium bifidum, Saccharomyces
boulardii, Streptococcus thermophilus

None

Hospitalized adults [9–11] LGG, BioK+ None
Immunocompromised [12–14] Pediacoccus pentosaceus, Leuconostoc mesenteroides, Lactobacillus

paracasei subspecies paracasei F19, Lactobacillus plantarum, LGG, L.
johnsonii LA 1, VSL #3, L. plantarum 299V (liver transplant), S.
boulardii (HIV)

One episode of invasive
disease noted (LGG)

Infants [15–18] LGG, LC705, Bb99, and Propionibacterium freudenreichii spp shermanii,
Bb12, L reuteri

One mechanical choking
episode reported

Pregnant women [19–21] LGG, LC705, Bb99, and Propionibacterium freudenreichii spp shermanii None
Premature neonates [22–25] LGG, B. longum BB536, Bifidobacterium Bb12 None

Elderly [26] VSL#3 (Streptococcus thermophilus
DSM 24731, Bifidobacteria (B. longum DSM 24736,
B. breve DSM 24732, B. infantis DSM 24737), Lattobacilli
(L. acidophilus DSM 24735, L. plantarum DSM 24730,
L. paracasei DSM 24733, L. delbrueckii subsp. bulgaricus
DSM 24734)

None

Inflammatory bowel disease [27, 28] Lactobaccillus acidophilus LA-5, Lactobacillus delbrueckii subsp.
bulgaricus LBY-27, Bifidobacterium animalis subsp. lactis BB-12,
Streptococcus thermophilus STY-31, LGG

None

Abbreviation: LGG, Lactobacillus GG.
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development of an abscess associated with Lactobacillus rham-
nosus was also reported twice [66, 67].

Because some of the cases of L. bacteremia occurred in an in-
tensive care setting in the presence of a central venous catheter,
experts recommend the use of scrupulous hand hygiene when
manipulating central venous catheters after handling probiotic
preparations. In our hospital, we recommend that nurses chan-
ge gloves after handling probiotic capsules and before touching
vascular access catheters.

Compelling evidence in favor of the safety of L. rhamnosus
strain GG (LGG, one of the more popular probiotic strains con-
sumed in Finland) comes from Finnish surveillance data show-
ing no increase in Lactobacillus bacteremia over the decade
from 1990 to 2000 despite the increasing popularity of this spe-
cific probiotic [68].Lactobacilli represented 0.02% of all positive
blood cultures. There was no temporal change in this prevalence
over the course of the decade. Eleven of 89 strains isolated from
blood appeared identical to the probiotic strain LGG by pulse
field gel electrophoresis [69]; however, in a subsequent study,
the LGG-like isolates from the blood cultures were found to be
phenotypically different from probiotic LGG [70] when subject-
ed to tests that might indicate pathogenicity, including in vitro
adhesion rate and induction of respiratory burst.

The absence of any change in the prevalence of L. bacteremia,
particularly that due to L. rhamnosus strain GG, is remarkable
given that the consumption of Lactobacillus GG increased from
1 L per person per year in Finland to 6 L per person per year
over the time period studied.

Lactobacillus bacteremia in Sweden was also examined over a
6-year period, during which time there was increasing use of 3
commercial probiotic Lactobacillus strains. There was no chan-
ge in the rate of lactobacillemia, and no case of Lactobacillus iso-
lated from the blood stream was identified as one being related
to the probiotic strains [71].

There are studies of safe use of probiotics in solid organ
transplant recipients, and other immunocompromised hosts,
without development of systemic infection [12–14].

DELETERIOUS METABOLIC ACTIVITIES

One clinical trial [72] caused significant concern about probiotic
safety. The PROPATRIA study was a double-blind placebo-
controlled randomized controlled trial that examined the ability
of a multistrain probiotic to prevent infectious complications in
296 patients with severe pancreatitis. Subjects assigned to the
probiotic arm of the study experienced a higher mortality
which was attributed to bowel ischemia. Speculating on the
cause of intestinal ischemia in critically ill patients who received
this particular group of 6 probiotics, the authors postulated that
perhaps the administration of probiotic bacteria increased the ox-
ygen demand in the gut mucosa, in the setting of already reduced

blood flow. Alternatively, the probiotics may have triggered an
inflammatory reaction in the small bowel with reduction of cap-
illary blood flow. Two prior smaller-scale studies (later pooled to
increase power) [73, 74] demonstrated a reduction in septic com-
plications, surgical intervention and infected necrosis in patients
with pancreatitis given a symbiotic containing lactic acid bacteria
and fiber. No mention was made of intestinal ischemia. However
in 2 other studies of critically ill adults [75] and children [76],
nonsignificant but possible increases in infectious complications
were observed in patients given probiotics.

Other metabolic concerns include the effects of D-lactate pro-
duced by probiotic strains, and deconjugation of bile salts. Five
reports of D-lactic acidosis can be found in the literature [77–
79], one in a patient with short bowel syndrome.

EXCESSIVE IMMUNE STIMULATION IN
SUSCEPTIBLE INDIVIDUALS

Because probiotics have been shown to affect both the innate
and adaptive immune systems, including effects on cytokine se-
cretion and dendritic cell function [80–83], concern has been
raised about the potential to overly stimulate the immune re-
sponse in some individuals, possibly leading to autoimmune
phenomena or inflammation. This theoretical concern has not
been reported in any human subjects.

GENE TRANSFER

Lactic acid bacteria possess plasmids containing genes conferring
resistance to tetracycline, erythromycin, chloramphenicol or linco-
samide, macrolide, streptomycin, and streptogrammin [84–86].

There is some evidence that leuconostoc species and pedio-
coccus species can accept broad host range antibiotic resistance
plasmids from lactococcus species [87]. Conjugation transfer
from enterococci to lactobacilli and lactococci can occur in
the gut of animals as well as in vitro; however, the transfer to
lactobacilli is quite rare [88].

There have also been attempts at molecular identification of
vancomycin resistance genes in lactobacilli. None were found.
There is no evidence of Van A, B, H, X, Z, Y, or S by hybridi-
zation or polymerase chain reaction products [89, 90].

Despite the theoretical possibility of lateral gene transfer between
probiotic organisms and other organisms in the gut or other site,
no clinical evidence of transfer of antimicrobial resistance has ever
been seen. This is particularly important to note given the com-
mon use of probiotics concomitantly with antibiotics.

GASTROINTESTINAL SIDE EFFECTS

Studies have reported minor gastrointestinal symptoms, such as
abdominal cramping, nausea, soft stools, flatulence, and taste
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disturbance, occurring in subjects receiving probiotics. Howev-
er, in both a meta-analysis and a systematic review of the use of
probiotics for prevention of Clostridium difficile-associated di-
arrhea, subjects receiving probiotics were 18%–20% less likely
to experience these adverse effects than controls [91, 92].

IMPLICATIONS FOR FUTURE RESEARCH

Despite the clear need for more research on both the safety and
efficacy of probiotics, at the time of this writing, only 7 US fed-
erally funded human interventional studies are being conducted
in this field (http://projectreporter.nih.gov/reporter_Search
Results.cfm?icde=21874157; accessed 12 February 2015). In a
2010 draft guidance from the FDA (www.fda.gov/downloads/
Drugs/GuidanceComplianceRegulatoryInformation/UCM229175.
pdf), probiotics were defined as live biotherapeutic products, in
other words, drugs, and as such submission of an Investigation-
al New Drug (IND) applications is required before investigators
can proceed with clinical research in this area. Road blocks ex-
perienced during the probiotic IND process have included un-
willingness of the probiotic manufacturer to share relevant
information with the FDA, and requirement to restrict enroll-
ment using an extensive list of exclusion criteria (personal com-
munication with FDA, 2007–2009). As a result, many
investigators have participated in discussions with regulators
over the difficulty these policies create for those wishing to fur-
ther scientific knowledge about the efficacy and safety of these
products. Nevertheless in 2013, FDA guidance on INDs and
human research studies included the statement that “if an edible
product that might otherwise be a conventional food is intended
for a use other than providing taste, aroma, or nutritive value, such
as blocking the absorption of carbohydrates in the gut, that prod-
uct becomes a drug because the primary purpose of consuming
it has changed”. In other words, the product is no longer being
consumed as a food—primarily for taste, aroma, or nutritive
value—but used as a drug for some other physiological effect
(www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatory
Information/UCM229175.pdf ). Populations suggested by the
FDA to be potentially at risk for adverse events in probiotic clinical
trials are listed in Table 2.

RECOMMENDATIONS TO RESEARCHERS

Despite the controversy over the necessity of safety data for pro-
biotics, their increasing use to treat, prevent, or mitigate disease
seems to have resulted in a call for such data from the scientific
community. For this reason, we recommend that investigators
who carry out clinical trials using probiotics conduct active sur-
veillance for cases of infection associated with the probiotic and
for occurrence of other adverse effects. Some patients may be at
higher risk for adverse events. These include those with

immune compromise, premature infants, patients with short
bowel syndrome, those with central venous catheters, and pa-
tients with cardiac valve disease. If there is a case of infection
that appears to be caused by a probiotic strain, it is important
to confirm the identity of the organism using molecular testing
at a reference laboratory.

Notes

Financial support. S. D. was supported in part by National Institute of
Allergy and Infectious Diseases grant 5K23 AT003391-03.
Supplement sponsorship. This article appeared as part of the supple-

ment “Probiotics: Added Supplementary Value in Clostridium difficile
Infection,” sponsored by Bio-K Plus International.
Potential conflict of interest. D. R. S. reports personal fees from BioK

Plus, grants from Pfizer, outside the submitted work. S. D. reports no poten-
tial conflicts.
Both authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Bernardo W, Aires FT, Carneiro RM, et al. Effectiveness of probiotics in
the prophylaxis of necrotizing enterocolitis in preterm neonates: a sys-
tematic review and meta-analysis. J Pediatr 2013; 89:18–24.

2. Khalesi S, Sun J, Buys N, et al. Effect of probiotics on blood pressure: a
systematic review and meta-analysis of randomized, controlled trials.
Hypertension 2014; 64:897–903.

3. Hempel S, Newberry S, Ruelaz A, et al. Safety of probiotics used to re-
duce risk and prevent or treat disease. Rockville, MD: Agency for
Healthcare Research and Quality, 2011.

4. Wallace TC, MacKay D. The safety of probiotics: considerations follow-
ing the 2011U.S. Agency for Health Research and Quality report. J Nutr
2011; 141:1923–4.

5. Huang YF, Liu PY, Chen YY, et al. Three-combination probiotics ther-
apy in children with salmonella and rotavirus gastroenteritis. J Clin
Gastroenterol 2014; 48:37–42.

Table 2. Populations Potentially at Risk According to FDA

Population Examples

Immunosuppressed anti-rejection medication after stem cell
or solid organ transplant, injectable
immunosuppressive drugs for
autoimmune disease, or
corticosteroids (greater than ½ mg
per kg body weight or prednisone or
its equivalent); chemotherapy or
radiation

Structural heart disease Valve abnormality or replacement,
history of endocarditis

Inpatient

Pregnant

Potential for translocation
of probiotic across
bowel wall

Presence of an active bowel leak, acute
abdomen, active intestinal disease
including colitis, or significant bowel
dysfunction; presence of neutropenia
or anticipation of neutropenia after
chemotherapy; radiation therapy

Abbreviation: FDA, Food and Drug Administration.

S132 • CID 2015:60 (Suppl 2) • Doron and Snydman

http://projectreporter.nih.gov/reporter_SearchResults.cfm?icde=21874157
http://projectreporter.nih.gov/reporter_SearchResults.cfm?icde=21874157
http://projectreporter.nih.gov/reporter_SearchResults.cfm?icde=21874157
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/UCM229175.pdf
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/UCM229175.pdf
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/UCM229175.pdf
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/UCM229175.pdf
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/UCM229175.pdf


6. Olivares M, Castillejo G, Varea V, Sanz Y. Double-blind, randomised,
placebo-controlled intervention trial to evaluate the effects of Bifidobac-
terium longum CECT 7347 in children with newly diagnosed coeliac
disease. Br J Nutr 2014; 112:30–40.

7. Szajewska H, Kotowska M, Mrukowicz JZ, et al. Efficacy of Lactobacillus
GG in prevention of nosocomial diarrhea in infants. J Pediatr 2001;
138:361–5.

8. Kumar S, Singhi S, Chakrabarti A, et al. Probiotic use and prevalence of
candidemia and candiduria in a PICU. Pediatr Crit Care Med 2013; 14:
e409–15.

9. Manley KJ, Fraenkel MB, Mayall BC, Power DA. Probiotic treatment of
vancomycin-resistant enterococci: a randomised controlled trial. Med J
Australia 2007; 186:454–7.

10. Maziade PJ, Andriessen JA, Pereira P, et al. Impact of adding prophy-
lactic probiotics to a bundle of standard preventative measures for Clos-
tridium difficile infections: enhanced and sustained decrease in the
incidence and severity of infection at a community hospital. Curr
Med Res Opin 2013; 29:1341–7.

11. Gao HW, Mubasher M, Fang CY, et al. Dose-response efficacy of a pro-
prietary probiotic formula or Lactobacillus acidophilus CL1285 and Lac-
tobacillus casei LBC80R for antibiotic-associated diarrhea and
Clostridium difficile-associated diarrhea prophylaxis in adult patients.
Am J Gastroenterol 2010; 105:1636–41.

12. Rayes N, Seehofer D, Hansen S, et al. Early enteral supply of
lactobacillus and fiber versus selective bowel decontamination: a con-
trolled trial in liver transplant recipients. Transplantation 2002; 74:
123–7.

13. Rayes N, Seehofer D, Theruvath T, et al. Supply of pre- and probiotics
reduces bacterial infection rates after liver transplantation: a random-
ized, double-blind trial. Am J Transplant 2005; 5:125–30.

14. Saint-Marc T, Rossello-Prats L, Touraine JL. Efficacy of Saccharomyces
boulardii in the treatment of diarrhea in AIDS. AnnMed Interne (Paris)
1991; 142:64–5.

15. Majamaa H, Isolauri E. Probiotics: a novel approach in the management
of food allergy. J Allergy Clin Immunol 1997; 99:179–85.

16. Isolauri E, Arvola T, Sütas Y, et al. Probiotics in the management of
atopic eczema. Clin Exp Allergy 2000; 30:1604–10.

17. Kukkonen K, Savilahti E, Haahtela T, et al. Long-term safety and impact
on infection rates of postnatal probiotic and prebiotic (synbiotic) treat-
ment: randomized, double-blind, placebo-controlled trial. Pediatrics
2008; 122:8–12.

18. Weizman Z, Alsheikh A. Safety and Tolerance of a Probiotic Formula in
Early Infancy Comparing Two Probiotic Agents: A Pilot Study. J Am
Coll Nutr 2006; 25:415–9.

19. Kalliomäki M, Salminen S, Arvilommi H, et al. Probiotics in primary
prevention of atopic disease: a randomised placebo-controlled trial.
Lancet 2001; 357:1076–9.

20. Kukkonen K, Savilahti E, Haahtela T, et al. Long-term safety and impact
on infection rates of postnatal probiotic and prebiotic (synbiotic) treat-
ment: randomized, double-blind, placebo-controlled trial. Pediatrics
2008; 122:8–12.

21. Boyle RJ, Mah LJ, Chen A, Kivivuori S, Robins-Browne RM, Tang ML.
Effects of Lactobacillus GG treatment during pregnancy on the develop-
ment of fetal antigen-specific immune responses. Clin Exp Allergy
2008; 38:1882–90.

22. Rouge C, Piloquet H, Butel MJ, et al. Oral supplementation with
probiotics in very-low-birth-weight preterm infants: a randomized,
double-blind, placebo-controlled trial. Am J Clin Nutr 2009; 89:
1828–35.

23. Manzoni P, Mostert M, Leonessa ML, et al. Oral supplementation with
Lactobacillus casei subspecies rhamnosus prevents enteric colonization
by Candida species in preterm neonates: a randomized study. Clin In-
fect Dis 2006; 42:1735–42.

24. Mohan R, Koebnick C, Schildt J, et al. Effects of Bifidobacterium lactis
Bb12 supplementation on body weight, fecal acetate, lactate, calprotec-
tin, and IgA in preterm infants. Pediatr Res 2008; 64:418–22.

25. Mohan R, Koebnick C, Schildt J, et al. Effects of Bifidobacterium lactis
Bb12 supplementation on intestinal microbiota of preterm infants: a
double-blind, placebo-controlled, randomized study. J Clin Microbiol
2006; 44: 4025–31.

26. Pellino G, Sciaudone G, Candilio G, et al. Early postoperative adminis-
tration of probiotics versus placebo in elderly patients undergoing elec-
tive colorectal surgery: a double-blind randomized controlled trial.
BMC Surg 2013; 13:S57.

27. Ahmed J, Reddy BS, Molbak L, et al. Impact of probiotics on colonic
microflora in patients with colitis: a prospective double blind rando-
mised crossover study. Int J Surg 2013; 11:1131–6.

28. Bousvaros A, Guandalini S, Baldassano RN, et al. A randomized, dou-
ble-blind trial of Lactobacillus GG versus placebo in addition to stan-
dard maintenance therapy for children with Crohn’s disease. Inflamm
Bowel Dis 2005; 1:833–9.

29. Bassetti S, Frei R, Zimmerli W. Fungemia with Saccharomyces cerevisiae
after treatment with Saccharomyces boulardii. Am J Med 1998;
105:71–2.

30. Cesaro S, Chinello P, Rossi L, et al. Saccharomyces cerevisiae fungemia in
a neutropenic patient treated with Saccharomyces boulardii. Support
Care Cancer 2000; 8:504–5.

31. Cherifi S, Robberecht J, Miendje Y. Saccharomyces cerevisiae fungemia
in an elderly patient with Clostridium difficile colitis. Acta Clinica Belg-
ica 2004; 59:223–4.

32. Force G, Aznar C, Marguet F, et al. Saccharomyces fungemia in AIDS
patients after treatment for chronic diarrhea. In: The Fifth European
Conference on Clinical Aspects and Treatment of HIV Infection. Co-
penhagen: September 1995.

33. Fredenucci I, Chomarat M, Boucaud C, et al. Saccharomyces boulardii
fungemia in a patient receiving Ultra-levure therapy. Clin Infect Dis
1998; 27:222–3.

34. Hennequin C, Kauffmann-Lacroix C, Jobert A, et al. Possible role of
catheters in Saccharomyces boulardii fungemia. Eur J Clin Microbiol In-
fect Dis 2000; 19:16–20.

35. Henry S, D’Hondt L, Andre M, et al. Saccharomyces cerevisiae fungemia
in a head and neck cancer patient: a case report and review of the liter-
ature. Acta Clinica Belgica 2004; 59:220–2.

36. Lherm T, Monet C, Nougiere B, et al. Seven cases of fungemia with Sac-
charomyces boulardii in critically ill patients. Intensive Care Med 2002;
28:797–801.

37. Lolis N, Veldekis D, Moraitou H, et al. Saccharomyces boulardii fungae-
mia in an intensive care unit patient treated with caspofungin. Crit Care
2008; 12:414.

38. Lungarotti MS, Mezzetti D, Radicioni M. Methaemoglobinaemia with
concurrent blood isolation of Saccharomyces and Candida. Arch Dis
Child Fetal Neonatal Ed 2003; 88:F446.

39. Munoz P, Bouza E, Cuenca-Estrella M, et al. Saccharomyces cerevisiae
fungemia: an emerging infectious disease. Clin Infect Dis 2005;
40:1625–34.

40. Niault M, Thomas F, Prost J, et al. Fungemia due to Saccharomyces spe-
cies in a patient treated with enteral Saccharomyces boulardii. Clin In-
fect Dis 1999; 28:930.

41. Perapoch J, Planes AM, Querol A, et al. Fungemia with Saccharomyces
cerevisiae in two newborns, only one of whom had been
treated with ultra-levura. Eur J Clin Microbiol Infect Dis 2000;
19:468–70.

42. Piarroux R, Millon L, Bardonnet K, et al. Are live saccharomyces yeasts
harmful to patients? Lancet 1999; 353:1851–2.

43. Piechno S, Seguin P, Gangneux JP. [Saccharomyces boulardii fungal sep-
sis: beware of the yeast]. Can J Anaesth 2007; 54:245–6.

44. Pletinex M, Legein J, Vandenplas Y. Fungemia with Saccharomyces bou-
lardii in a 1-year old girl with protracted diarrhoea. J Pediatr Gastroen-
terol Nutr 1995; 21:113–5.

45. Rijnders BJ, Van Wijngaerden E, Verwaest C, et al. Saccharomyces fun-
gemia complicating Saccharomyces boulardii treatment in a nonimmu-
nocompromised host. Intensive Care Med 2000; 26:825.

Risk and Safety of Probiotics • CID 2015:60 (Suppl 2) • S133



46. Riquelme AJ, Calvo MA, Guzman AM, et al. Saccharomyces cerevisiae
fungemia after Saccharomyces boulardii treatment in immunocompro-
mised patients. J Clin Gastroenterol 2003; 36:41–3.

47. TrautmannM, Synowzik I, Nadji-Ohl M, et al. Fungemia due to Saccha-
romyces cerevisiae var. boulardii. Chemother J 2008; 17:57–61.

48. Viggiano M, Badetti C, Bernini V, et al. Saccharomyces boulardii funge-
mia in a patient with severe burns. Annales Francaises d’Anesthesie et
de Reanimation 1995; 14:356–8.

49. Zunic P, Lacotte J, Pegoix M, et al. Saccharomyces boulardii fungemia.
Apropos of a case. Therapie 1991; 46:498–9.

50. Santino I, Alari A, Bono S, et al. Saccharomyces cerevisiae fungemia,
a possible consequence of the treatment of Clostridium difficile
colitis with a probioticum. Int J Immunopathol Pharmacol 2014;
27:143–6.

51. Barton LL, Rider ED, Coen RW. Bacteremic infection with Pediococcus:
vancomycin resistant opportunist. Pediatrics 2001; 107:775–6.

52. De Groote MA, Frank DN, Dowell E, et al. Lactobacillus rhamnosus GG
bacteremia associated with probiotic use in a child with short gut syn-
drome. Pediatr Infect Dis J 2005; 24:278–80.

53. Ledoux D, Labombardi VJ, Karter D. Lactobacillus acidophilus bacter-
aemia after use of a probiotic in a patient with AIDS and Hodgkin’s dis-
ease. Int J STD AIDS 2006; 17:280–2.

54. Richard V, Van der Auwera P, Snoeck R, et al. Nosocomial bacteremia
caused by Bacillus species. Eur J Clin Microbiol Infect Dis 1988;
7:783–5.

55. Tommasi C, Equitani F, Masala M, et al. Diagnostic difficulties of Lac-
tobacillus casei bacteraemia in immunocompetent patients: a case re-
port. J Med Case Reports 2008; 2:315.

56. Vahabnezhad E, Mochon AB, Wozniak LJ, Ziring DA. Lactobacillus
bacteremia associated with probiotic use in a pediatric patient with ul-
cerative colitis. J Clin Gastroenterol 2013; 47:437–9.

57. Burkhardt O, Kohnlein T, Pletz M, et al. Saccharomyces boulardii in-
duced sepsis: successful therapy with voriconazole after treatment fail-
ure with fluconazole. Scand J Infect Dis 2005; 37:69–72.

58. Kunz AN, Noel JM, FairchokMP. Two cases of Lactobacillus bacteremia
during probiotic treatment of short gut syndrome. J Pediatr Gastroen-
terol Nutr 2004; 38:457–8.

59. Land MH, Rouster-Stevens K, Woods CR, et al. Lactobacillus sepsis as-
sociated with probiotic therapy. Pediatrics 2005; 115:178–81.

60. Lestin F, Pertschy A, Rimek D. Fungemia after oral treatment with Sac-
charomyces boulardii in a patient with multiple comorbidities. Dtsch
Med Wochenschr 2003; 128:2531–3.

61. Oggioni MR, Pozzi G, Valensin PE, et al. Recurrent septicemia in an
immunocompromised patient due to probiotic strains of Bacillus subti-
lis. J Clin Microbiol 1998; 36:325–6.

62. Ohishi A, Takahashi S, Ito Y, et al. Bifidobacterium septicemia associat-
ed with postoperative probiotic therapy in a neonate with omphalocele.
J Pediatr 2010; 156:679–81.

63. Zein EF, Karaa S, Chemaly A, et al. Lactobacillus rhamnosus septicemia
in a diabetic patient associated with probiotic use: a case report. Ann
Biol Clin (Paris) 2008; 66:195–8.

64. Mackay AD, Taylor MB, Kibbler CC, et al. Lactobacillus endocarditis
caused by a probiotic organism. Clin Microbiol Infect 1999; 5:290–2.

65. Presterl E, Kneifel W, Mayer HK, et al. Endocarditis by Lactobacillus
rhamnosus due to yogurt ingestion? Scand J Infect Dis 2001; 33:710–4.

66. Conen A, Zimmerer S, Frei R, et al. A pain in the neck: probiotics for
ulcerative colitis. Ann Intern Med 2009; 151:895–7.

67. Rautio M, Jousimies-Somer H, Kauma H, et al. Liver abscess due to a
Lactobacillus rhamnosus strain indistinguishable from L. rhamnosus
strain GG. Clin Infect Dis 1999; 28:1159–60.

68. Salminen MK, Tynkkynen S, Rautelin H, et al. Lactobacillus bacteremia
during a rapid increase in probiotic use of Lactobacillus rhamnosus GG
in Finland. Clin Infect Dis 2002; 35:1155–60.

69. Salminen MK, Rautelin H, Tynkkynen S, et al. Lactobacillus bacteremia,
clinical significance, and patient outcome, with special focus on probi-
otic L. rhamnosus GG. Clin Infect Dis 2004; 38:62–9.

70. Ouwehand AC, Saxelin M, Salminen S. Phenotypic differences between
commercial Lactobacillus rhamnosus GG and L. rhamnosus strains re-
covered from blood. Clin Infect Dis 2004; 39:1858–60.

71. Sullivan A, Nord CE. Probiotic lactobacilli and bacteraemia in Stock-
holm. Scand J Infect Dis 2006; 38:327–31.

72. Besselink MG, van Santvoort HC, Buskens E, et al. Probiotic prophylax-
is in predicted severe acute pancreatitis: a randomised, double-blind,
placebo-controlled trial. Lancet 2008; 371:651–9.

73. Olah A, Belagyi T, Issekutz A, et al. Early enternal nutrition with specific
Lactobacillus and fibre reduces sepsis in severe acute pancreatitis. Br J
Surg 2002; 89:1103–7.

74. Olah A, Belagyi T, Poto L, et al. Synbiotic control of inflammation and
infection in severe acute pancreatitis: a prospective, randomized, double
blind study. Hepatogastroenterology 2007; 54:594–8.

75. Jain PK, McNaught CE, Anderson AD, et al. Influence of synbiotic con-
taining Lactobacillus acidophilus La5, Bifidobacterium lactis Bb12, Strep-
tococcus thermophilus, Lactobacillus bulgaricus and oligofructose on gut
barrier function and sepsis in critically ill patients: a randomised con-
trolled trial. Clin Nutr 2004; 23:467–75.

76. Honeycutt TC, El KM, Wardrop RM III. Probiotic administration and
the incidence of nosocomial infection in pediatric intensive care: a ran-
domized placebo-controlled trial. Pediatr Crit Care Med 2007; 8:452–8.

77. Ku W. Probiotics provoked D-lactic acidosis in short bowel syndrome:
case report and literature review. HK J Paediatr 2006; 11:246–54.

78. Munakata S, Arakawa C, Kohira R, et al. A case of D-lactic acid enceph-
alopathy associated with use of probiotics. Brain Dev 2010; 32:691–4.

79. Oh MS, Phelps KR, Traube M, et al. D-lactic acidosis in a man with the
short-bowel syndrome. N Engl J Med 1979; 301:249–52.

80. Vaarala O. Immunological effects of probiotics with special reference to
lactobacilli. Clin Exp Allergy 2003; 33:1634–40.

81. Veckman V, Miettinen M, Pirhonen J, et al. Streptococcus pyogenes and
Lactobacillus rhamnosus differentially induce maturation and produc-
tion of Th1-type cytokines and chemokines in human monocyte-de-
rived dendritic cells. J Leukoc Biol 2004; 75:764–71.

82. Braat H, de Jong EC, van den Brande JM, et al. Dichotomy between Lac-
tobacillus rhamnosus and Klebsiella pneumoniae on dendritic cell phe-
notype and function. J Mol Med 2004; 82:197–205.

83. Drakes M, Blanchard T, Czinn S. Bacterial probiotic modulation of den-
dritic cells. Infect Immun 2004; 72:3299–309.

84. Lin CF, Fung ZF, Wu CL, et al. Molecular characterization of a plasmid-
borne (pTC82) chloramphenicol resistance determinant (cat-TC) from
Lactobacillus reuteri G4. Plasmid 1996; 36:116–24.

85. Gevers D, Danielsen M, Huys G, et al. Molecular characterization of tet
(M) genes in Lactobacillus isolates from different types of fermented dry
sausage. Appl Environ Microbiol 2003; 69:1270–5.

86. Tannock GW, Luchansky JB, Miller L, et al. Molecular characterization
of a plasmid-borne (pGT633) erythromycin resistance determinant
(ermGT) from Lactobacillus reuteri 100–63. Plasmid 1994; 31:60–71.

87. Dessart SR, Steenson LR. High frequency intergeneric and intrageneric
transfer conjugal transfer of drug resistance plasmids in Leuconostoc
mesenteroides ssp. cremoris. J Dairy Sci 1991; 74:2912–9.

88. Morelli L, Sarra PG, Bottazzi V. In vivo transfer of pAM beta 1 from Lac-
tobacillus reuteri to Enterococcus faecalis. J Appl Bacteriol 1988; 65:371–5.

89. Klein G, Hallmann C, Casas IA, et al. Exclusion of vanA, vanB and
vanC type glycopeptide resistance in strains of Lactobacillus reuteri
and Lactobacillus rhamnosus used as probiotics by polymerase chain re-
action and hybridization methods. J Appl Microbiol 2000; 89:815–24.

90. Tynkkynen S, Singh KV, Varmanen P. Vancomycin resistance factor of
Lactobacillus rhamnosus GG in relation to enterococcal vancomycin re-
sistance (van) genes. Int J Food Microbiol 1998; 41:195–204.

91. Johnston BC, Ma SSY, Goldenberg JZ, et al. Probiotics for the preven-
tion of Clostridium difficile-associated diarrhea: a systematic review and
meta-analysis. Ann Intern Med 2012; 157:878–88.

92. Goldenberg JZ, Ma SYY, Saxton JD, et al. Probiotics for the prevention
of Clostridium difficile-associated diarrhea in adults and children. Co-
chrane Database Syst Rev 2013; 5.

S134 • CID 2015:60 (Suppl 2) • Doron and Snydman



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


