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New Drugs, Old Drugs

istered in adequate amounts, confer a beneficial 
health of the host (Box 1).3 The most commonly u
agents are bacteria from the Lactobacillus and B
genera, which form part of the normal healthy int
biota. Other probiotics include the yeast Saccharom
which is now regarded as a separate cluster locate
species Saccharomyces cerevisiae.4
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ABSTRACT

• Probiotics consist of yeast or bacteria, especially lactic acid 
bacteria. They are available as capsules, powder, fermented 
milks or yoghurts.

• Probiotics exhibit strain-specific differences in their resistance 
to acid and bile, ability to colonise the gastrointestinal tract, 
clinical efficacy, and benefits to the health of the host.

• There is level I evidence for the use of probiotics in treating 
acute infectious diarrhoea and preventing antibiotic-
associated diarrhoea, with Lactobacillus rhamnosus GG and 
Saccharomyces boulardii having the most evidence to 
support their use for these conditions.

• There is level II evidence that S. boulardii combined with 
high-dose vancomycin is more effective than the antibiotic 
alone in preventing recurrent Clostridium difficile diarrhoea.

• There is level I evidence that probiotics prevent traveller’s 
diarrhoea.

• There is level I evidence for use of the high-potency probiotic 
VSL#3 in preventing pouchitis, and level II evidence for this 
agent in preventing relapse in patients with ulcerative colitis.

• Probiotics are generally regarded as safe and well tolerated. 
Some probiotics may be contraindicated in patients who are 
immunocompromised or have severe underlying illness, as 
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they have been reported to cause fungaemia and bacteraemia.
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  mucosa of the gastrointestinal tract is constantly presented

th antigens from microorganisms or ingested foods. Over
0 bacterial species are resident in the adult gastrointestinal

tract, principally the colon. This community of microbiota not only
lives in peaceful coexistence with the human host but also plays a
significant role in the host’s wellbeing.1 There is a constant and
complex interaction among these commensal bacteria, the intestinal
epithelial cells, and the immune system.2

Probiotics are defined as live microorganisms that, when admin-
effect on the
sed probiotic
ifidobacterium
estinal micro-
yces boulardii,
d within the

Probiotics exhibit strain-specific differences in their resistance to
acid and bile, ability to colonise the gastrointestinal tract, and
clinical efficacy.5 The effects of probiotics may be due to various
mechanisms of action, including suppressing growth of pathogenic
bacteria, blocking epithelial attachment by pathogens, enhancing
mucosal function, and modulating host immune response.6

Probiotics are now widely marketed in the form of capsules,
powder and functional foods such as fermented milks and
yoghurts. Here, we review the evidence for the role of probiotics in
treating both gastrointestinal and extragastrointestinal diseases in
children and adults. Levels of evidence designated here as E1, E2,
E3 and E4 are based on the National Health and Medical Research
Council (NHMRC) levels of evidence I, II, III (including III-1, III-
2, III-3) and IV, respectively.7

Efficacy of probiotics for diarrhoeal disease

Infectious diarrhoea
Infectious diarrhoea is the most widely investigated area for probiotic
use in children, with several meta-analyses published.8-11 Most of the
randomised controlled trials included in these meta-analyses
involved children in developed countries in a health care setting. All
meta-analyses were challenged by a lack of heterogeneity between
studies. However, despite the variability between probiotics tested,
dose and duration of treatment, participant groups, and definitions of
diarrhoea and outcome, all reviews concluded that probiotics,
coadministered with standard rehydration therapy, decrease the
duration of acute diarrhoea (E1).

A Cochrane review11 comprised 23 studies with a total of 1917
participants (1449 children). Pooled results showed that probiotics
reduced the risk of diarrhoea at 3 days (relative risk [RR], 0.66; 95%
CI, 0.55–0.77; random effects model, 15 studies) and the mean
duration of diarrhoea by 30.5 hours (95% CI, 18.5–42.5 hours;
random effects model, 12 studies) (E1). None of the studies reported
adverse effects.

Lactobacillus rhamnosus GG (LGG) is the most investigated pro-
biotic strain for this condition. A meta-analysis of paediatric studies
contained a subgroup analysis restricted to LGG therapy, which
comprised 10 study arms.10 The pooled estimate showed that LGG

reduced the duration of diarrhoea by 1.2 days (95% CI, −1.6 to −0.8
days; P <0.001) (E1).

The Cochrane review11 suggested that LGG may be particularly
effective for rotaviral diarrhoea (E1). Rotavirus is the most common
cause of severe diarrhoea in children worldwide.12

From these meta-analyses,8-11 it appears that probiotics are more
effective if given early in the course of illness and at daily doses of at
least 10 billion colony-forming units (CFU). Thus, there is good
evidence to support the use of probiotics in infectious diarrhoea of
viral aetiology, when given early in the illness. There is no evidence to
support the efficacy of probiotics in diarrhoeal illnesses of bacterial
origin.

Antibiotic-associated diarrhoea
Antibiotic-associated diarrhoea (AAD) is defined as otherwise unex-
plained diarrhoea that occurs in association with antibiotic adminis-
tration.13 It is a common problem, occurring in up to 25% of patients
receiving antibiotics, with rates varying depending on the population
studied and the antibiotic used.13 While Clostridium difficile is the
most common infectious agent isolated, in most cases of AAD a
causative organism is not found. AAD can begin after a single
antibiotic dose or occur up to 6 weeks after the commencement of
treatment.14 Oral antibiotic agents, such as cephalosporins, clin-
damycin and broad-spectrum penicillins, are more likely to cause
AAD than parenteral antibiotics.14 The rationale for using probiotics
in AAD rests on the assumption that antibiotics alter the normal
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intestinal flora. Several probiotics have been evaluated in treating or
preventing AAD, including Lactobacillus acidophilus, Lactobacillus
casei, LGG, and S. boulardii.

In a meta-analysis on the role of S. boulardii (strains not reported)
in preventing AAD, five randomised controlled trials (1076 partici-
pants) were included.15 The largest of these studies was conducted in
269 children16 and concluded that for every 10 patients receiving
S. boulardii with antibiotics, one fewer will develop diarrhoea (E1).
This meta-analysis supported the results from two prior meta-
analyses,17,18 involving S. boulardii and Lactobacillus species (E1).

A systematic review evaluating the efficacy of LGG in preventing
AAD19 suggested that additional research was needed to clarify its
effectiveness (E2). A randomised controlled trial undertaken in
children20 showed that LGG, in doses of at least 10–20 billion CFU
daily, has a beneficial role in preventing AAD (E2).

A recent study of 135 patients over the age of 50 years compared
the effects of a drink containing L. casei, Lactobacillus bulgaricus and
Streptococcus thermophilus with placebo in preventing AAD. Twelve
per cent of treated patients developed diarrhoea compared with 34%
in the control group (P=0.007).21 Notwithstanding these results,
judicious use of antibiotics should remain the first step in preventing
AAD.

Clostridium difficile diarrhoea
There is little evidence to support the routine use of probiotics to
prevent or treat C. difficile diarrhoea, according to two systematic
reviews.22,23 One trial reported that S. boulardii combined with high-
dose vancomycin was more effective than the antibiotic alone in
preventing recurrent C. difficile diarrhoea (E2).24

Traveller’s diarrhoea
The results from trials studying the role of probiotics in preventing
traveller’s diarrhoea are inconsistent, possibly reflecting the variation
in probiotic strains used. However, meta-analysis of 12 studies
showed that probiotics decreased the risk of traveller’s diarrhoea (RR,

0.85; 95% CI, 0.79–0.91; P<0.001) (E1).25 One placebo-controlled
trial showed a beneficial prophylactic effect of LGG26 (E2), while
another failed to demonstrate any benefit27 (E2).

Probiotics in Crohn’s disease and ulcerative colitis 
(inflammatory bowel disease)

Although the precise aetiologies of two of the inflammatory bowel
diseases — Crohn’s disease (CD) and ulcerative colitis (UC) — are
unknown, there is evidence that intestinal microflora play major
roles, along with host genetic makeup and innate immune responses.
The importance of the intestinal flora is illustrated in animal models
of gut inflammation, where the absence or modification of flora
prevents or delays development of inflammation. Consequently, it
has been hypothesised that probiotic therapy may have a significant
role in the management of inflammatory bowel disease in humans.

Studies have examined the role of probiotics in inducing or
maintaining remission of CD, and in preventing postoperative recur-
rence. A small pilot study showed that LGG given to four children
with active CD led to decreased disease activity scores and improved
gut barrier function (E4).28 A subsequent randomised controlled trial
showed that LGG did not maintain remission in children with CD
(E2).29 S. boulardii has been evaluated in maintaining remission of
CD: 32 patients with quiescent CD were given aminosalicylic acid
alone or with probiotics for 6 months in a blinded fashion.30 The
relapse rate was substantially lower in patients receiving probiotics
(6/16 v 1/16; P=0.04) (E2).

Studies using two different probiotic agents (LGG and Lactobacillus
johnsonii LA1) have shown that probiotics are not effective in
preventing postoperative recurrence of CD.31,32 Another study with
negative results assessed Synbiotic 2000 (Medipharm, Kågeröd,
Sweden), which comprises a combination of four probiotic and four
prebiotic components.33 (Prebiotics are compounds that enhance the
growth of beneficial bacteria.)

Probiotics may have roles in both initiating and maintaining
remission of UC, with several studies suggesting that probiotics may
help to induce remission. The first of these used a synbiotic,
combining a probiotic (Bifidobacterium longum) and a prebiotic (Syn-
ergy 1; Orafti, Tienen, Belgium), for 1 month in 18 adults with active
UC (E3).34 Patients receiving the synbiotic had decreased endoscopic
severity scores, clinical activity scores and levels of key pro-inflam-
matory proteins. A second study of 32 adults with acute UC used the
high-potency probiotic VSL#3 (Sigma-Tau, Pomezia, Italy), which
contains eight separate bacterial strains in large numbers, in an open-
label design over 6 weeks (E4).35 Remission or response was seen in
77% of patients following therapy.

A further study investigated the probiotic yeast S. boulardii in 25
patients who had a flare of UC while on maintenance therapy.36

Seventeen patients attained remission after 4 weeks of therapy.
However, in a separate study, non-pathogenic Escherichia coli Nissle
1917 was compared with aminosalicylic acid to induce remission in
120 patients with active UC (E2).37 Remission occurred at an
equivalent rate in the two groups.

Other studies have assessed probiotic agents in maintaining remis-
sion of UC. When comparing E. coli Nissle 1917 with standard
maintenance therapy over 12 weeks in 120 adults, investigators
showed no difference in relapse rates (E2).38 A preliminary open-
label study assessed VSL#3 in 20 adults with UC in remission; 15
patients remained in remission after 12 months of observation.39

Probiotics also have well defined roles for treating pouchitis, an
inflammatory condition involving the pouch created after colectomy

1 Drug profile of probiotics

Action: Probiotics are thought to suppress the growth of pathogenic 
bacteria, block epithelial attachment or invasion by pathogens, 
enhance mucosal function and modulate host immune response.

Preparation: Available in capsule and powder form, and as 
fermented dairy foods. Stability is an issue with non-yeast 
preparations and therefore most probiotics require refrigeration.

Dosing: There is significant variation in the number of bacteria 
between different preparations, as production is not standardised. 
There has been considerable variability between probiotic strains 
and doses used in clinical trials for a range of gastrointestinal and 
extraintestinal disorders. Appropriate doses of specific probiotics 
for specific clinical uses have not been established.

Metabolism: Probiotics exhibit strain-specific differences in their 
resistance to acid and bile, and ability to colonise the colonic 
mucosa. They are not metabolised.

Adverse effects: Probiotics are generally safe and well tolerated. 
They are contraindicated in patients with severe underlying illnesses 
or those who are immunocompromised; these patients are at risk of 
bacteraemia and fungaemia.

Regulation: In Australia, probiotics that are marketed for a specified 
health benefit require review by the Therapeutic Goods 
Administration and are regulated as complementary medicines. ◆
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for UC. VSL#3 is effective both in preventing pouchitis40 and in
treating established inflammation (E2).41 A study using a single agent
(LGG) did not show any benefit as primary therapy.42

Probiotics and irritable bowel syndrome
Clinical studies employing various probiotic agents in adults with
irritable bowel syndrome have evaluated different outcomes.43

Although some of these studies suggest relief of symptoms such as
bloating or flatus, others show no benefit. For instance, in a study
evaluating VSL#3 in a small group of 25 adults with diarrhoea-
predominant irritable bowel syndrome,44 subjects treated with the
probiotic had less bloating than those given placebo (P= 0.046), but
there was no impact on other symptoms.

Only two published studies have included more than 100 patients.
One used a mixture of four probiotics and resulted in improvements
at 6 months,45 while the other study assessed an encapsulated form
of Bifidobacterium infantis 35624 in 362 adults and found that all
cardinal symptoms abated, compared with subjects treated with
placebo.46 Further studies of the benefits of probiotics in treating
irritable bowel syndrome are required to define the expected roles
and to elucidate which probiotic agents are optimal.

Probiotics and necrotising enterocolitis
Two recent studies suggest that probiotics may have a role in
preventing necrotising enterocolitis in neonates.47,48 However, there
have been case reports of bacteraemia and sepsis in this age group as
a result of probiotic administration,49 which may make further
investigation of these agents in this setting problematic.

Probiotics and allergic disorders
Probiotic agents may have a role in preventing and treating atopy,
although this remains controversial. Two Scandinavian studies
showed that provision of probiotics alone (LGG)50 or as synbiotics51

to pregnant mothers and infants after birth reduces rates of eczema
at 2 years of age. Other studies using different probiotics
(L. acidophilus LAVRI-A152 or Lactobacillus reuteri ATCC 5573053)
did not confirm these findings (E2). One of these studies, which
involved Western Australian infants at high risk of developing atopy
receiving probiotics for the first 6 months of life, showed that the
rates of atopic dermatitis in treated children were not lower than
those in infants who received placebo at 6 and 12 months of age.52

Probiotics may have a role in treating established atopic derma-
titis. A double-blind randomised controlled trial evaluated Lactoba-
cillus fermentum in 53 infants and toddlers with moderate or severe
atopic dermatitis (E2).54 The children received probiotic or placebo
for 8 weeks and then were assessed after a further 8 weeks. The
subjects provided with probiotics had reduced severity and extent of
dermatitis compared with controls (P = 0.03). However, this conclu-
sion was not confirmed in a subsequent randomised controlled trial
involving children in early infancy.55

Probiotics and other non-gastrointestinal disorders
Several lines of evidence support a role for probiotics in preventing
recurrent urinary tract infections (UTIs) in women. L. rhamnosus
GR-1 and L. reuteri RC-14 (formerly L. fermentum RC-14) seem to be
the most effective among the studied lactobacilli for UTI prevention,
but are only commercially available in Austria.56 These agents are
efficacious when taken orally or when applied intravaginally. There
is some evidence for efficacy of other agents, including L. casei
Shirota and Lactobacillus crispatus CTV-05, but conflicting evidence

for LGG. Additional studies are required to fully define the role of
probiotics in managing UTIs in women, as well as in other female
urogenital conditions (candidiasis and bacterial vaginosis).

Adverse effects of probiotics
Probiotics are generally regarded as safe. Side effects are rarely
reported and generally amount to little more than flatulence or
change in bowel habit. A study of long-term consumption of
Bifidobacterium lactis and S. thermophilus-supplemented formula in
children aged less than 2 years showed the product was well
tolerated (E2).57 The use of LGG, which has increased markedly
since its introduction in Finland in 1990, has not led to a significant
change in the incidence of Lactobacillus bacteraemia.58

Complications of treatment with probiotics have been observed in
patients who are immunocompromised or in the intensive care
setting. S. cerevisae fungaemia59 and Lactobacillus bacteraemia49,60

have been reported in patients with severe underlying illnesses.
As with variations in efficacy, there are likely to be differences in

adverse effects between different strains, and this should be taken
into consideration for the probiotic strain being used.

Conclusions
Probiotics, which encompass numerous bacterial and fungal species,
have become increasingly popular in the past few decades. In many
cases, the marketing and use of probiotic agents has preceded firm
scientific evidence to support their efficacy. Furthermore, there are
likely variations between what is claimed for some products and
what they actually do.

At present, there is convincing evidence for using probiotics in
managing acute viral diarrhoeal disease, AAD and pouchitis. There is
developing evidence for their role in other conditions, such as
irritable bowel syndrome, necrotising enterocolitis, inflammatory
bowel disease, and atopy. Some of these findings, however, remain
controversial.

It is clear that although one probiotic agent may have a role for a
specific condition, this does not mean that all probiotics are useful
for that indication — there are clear agent-specific effects. Other
factors, such as the quantity of organisms in the probiotic, are also
important.

Probiotics promise to have important roles in human health.
Current data support use of probiotics for only a few indications,
and detailed studies are required to further define the roles of these
therapies in children and adults. Important messages for patients are
shown in Box 2.
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2 Important messages for patients

• Probiotics consist of yeast or bacteria.

• Probiotics can be beneficial in some gastrointestinal disorders.

• The efficacy of a probiotic agent is specific to a condition; 
therefore, the role of different probiotics cannot be generalised.

• The number of bacteria present in the probiotic agent is important.

• Probiotics are generally safe and well tolerated.

• Probiotics should be avoided in patients who are severely ill or 
immunocompromised. ◆
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