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Abstract: Diarrhoea, as a common side effect of antibiotics, increases treatment costs and
length of stay in acute healthcare facilities. One potential strategy to prevent this side effect is
the concurrent use of probiotic bacteria or yeast. This review discusses the evidence for the
efficacy of probiotics in the prevention of antibiotic-associated diarrhoea and Clostridium dif-
ficile infection; the potential mechanisms by which probiotics may work; their safety; what
future research is required; and recommendations for use in clinical practice.
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Introduction
Diarrhoea, as a common side effect of antibiotics,

causes increased treatment costs and extended

length of stay in acute healthcare facilities.

Clostridium difficile infection as a cause of diar-

rhoea has become a major issue in many coun-

tries, resulting in a search for the best way to

prevent its occurrence. Prevention primarily

revolves around control of antibiotic use, fol-

lowed by comprehensive infection control proce-

dures once outbreaks occur. Nevertheless, other

potential factors have been explored, including

the use of probiotic bacteria and yeast. This

review discusses the evidence for the efficacy of

probiotics in the prevention of antibiotic-asso-

ciated diarrhoea (AAD) and Clostridium difficile-

associated diarrhoea (CDAD); the potential

mechanisms by which probiotics may work;

their safety; what future research is required;

and recommendations for their use in clinical

practice.

Antibiotic-associated diarrhoea
Diarrhoea is a common complication of antibi-

otics. It occurs in between 5% and 39% of patients

depending on the population and type of antibi-

otic [McFarland, 1998]: adults over the age of

65 years are known to be at the top end of this

range (Bignardi, 1998], and broad spectrum anti-

biotics also impart a greater risk than narrow spec-

trum, in particular, clindamycin, cephalosporins

and fluoroquinolones [Graul et al. 2009]. There is

no universal agreement on which antibiotics

impart greatest risk and any antibiotic may disrupt

the colonic microbiota resulting in diarrhoea

[Shannon-Lowe et al. 2010]. AAD can occur up

to 2�3 weeks following cessation of antibiotic

therapy rather than during the treatment

[Wistrom et al. 2001]. It is a particular problem

in hospitals, among the older frail and ill patients,

and is an extremely unpleasant and debilitating

side effect. The usual treatment is to withdraw

antibiotics if they are still being taken, which can

result in incomplete courses and corresponding

difficulties with treating the underlying infection,

potentially leading to increased length of stay and

costs of care. It has also been shown that hospital

patients are at greater risk of future infections and

increased mortality [McFarland, 1998].

Clostridium difficile-associated diarrhoea
CDAD is a severe form of diarrhoea caused by

the C. difficile bacteria. These bacteria produce a

toxin resulting in symptoms ranging from mild

diarrhoea to inflammation of the bowel (pseudo-

membranous colitis), which can cause death.

CDAD is responsible for around 10�20% of all

cases of AAD [Bartlett, 2002] and it can occur up

to 8 weeks after antibiotic therapy [Gerding et al.

1986]. There are three key risk factors for the

development of this infection; antibiotic use

[Bartlett, 2006], increasing age [Karlstrom et al.

1998], and hospitalization [Wistrom et al. 2001].

C. difficile is contagious and spreads easily from
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patient to patient, thus initial outbreaks can rap-

idly spread to other patients unless strict and

comprehensive infection control measures are

put in place immediately.

CDAD has become and remains a serious prob-

lem for acute healthcare providers, leading to

concerns around patient safety and increased

medical treatment costs. The latest estimates of

the cost of C. difficile infection in the USA are

$3.2 billion [O’Brien et al. 2007], $2454 per

CDAD case [Dubberke et al. 2008] and for the

UK £4107 per case [Wilcox et al. 1996]. CDAD

is treated by withdrawal of the precipitating anti-

biotic, avoidance of antiperistaltic agents and

then treatment either with metronidazole for

mild to moderate cases or vancomycin for

severe cases or in people who do not respond to

metronidazole [Cohen et al. 2010]. A total of

75�80% of patients respond well to one of

these treatments but 20�25% may develop recur-

rent CDAD [Bartlett, 2002]. In recent years

there has been an emergence of hypervirulent

strains that have lead to increased incidence of

CDAD, more severe disease, higher relapse

rates, increased mortality, and greater resistance

to fluoroquinolone antibiotics [Cartman et al.

2010]. The most notorious of these strains [clas-

sified as either restriction-endonuclease analysis

BI, North American pulse-field type 1 (BI/

NAP1) or PCR ribotype 027] is thought to

have developed due to excessive use of quinolone

antibiotics. Other strains continue to emerge,

such as ribotype 078 and 106, which also cause

severe disease but are currently less widespread

[Cartman et al. 2010].

Probiotics
Probiotics are defined as ‘live microorganisms,

which, when administered in adequate amounts,

confer a health benefit on the host’ [FAO/WHO,

2001]. A variety of bacteria have been studied to

explore their probiotic effect, including

Lactobacillus rhamnosus GG, various Lactobacillus

and Bifidobacterium strains and the yeast

Saccharomyces boulardii. An important consider-

ation when evaluating this research is that the

effects of any bacteria are strain specific, meaning

the data from research relates only to that specific

strain. Research results cannot be extrapolated to

other species or strains. For example, L. rhamno-

sus GG is a specific bacterial strain (the nomen-

clature includes genus, species and strain) which

demonstrates a probiotic effect in the prevention

of AAD [McFarland, 2006]. Other strains of

L. rhamnosus species may not have this effect,

and likewise other species in the genus of

Lactobacillus may not act as probiotics. This is

because individual strains exhibit different speci-

fic characteristics, such as resistance to gastric

acid and bile, ability to colonize the mucosa,

and antimicrobial activity [Jacobsen et al. 1999].

A useful overview of the history of probiotic use

and the formulation and delivery of probiotics

can be found in a review by Verna and Luack

[Verna and Luack, 2010].

Why diarrhoea occurs and how probiotics may
prevent it
Antibiotics disrupt the normal colonic microflora

and consequently alter carbohydrate metabolism

and antimicrobial activity in the colon, potentially

leading to osmotic diarrhoea or diarrhoea caused

by pathogenic bacteria [Hogenauer et al. 1998]. In

the first case, reduced metabolism of fermentable

carbohydrate leads to reduced short-chain fatty

acids (bacterial source of energy) and increased

nonabsorbable carbohydrate in the lumen of the

gut. The increased osmotic pressure reduces

water absorption from the gut, liquefying the

stools [Binder, 2010]. Secondly, the protective

barrier provided by the normal intestinal micro-

flora is disrupted and this leads to a reduction in

the ability of the gut to resist colonization by path-

ogens. As a result opportunistic growth of patho-

gens occurs, for example C. difficile, Salmonella,

Staphyloccus aureus, or Clostridium perfringens,

and toxins result in mucosal damage and inflam-

mation leading to diarrhoea. In addition to these

effects, drugs which increase gut motility can

exacerbate the situation and worsen or cause diar-

rhoea. Examples include the action of erythromy-

cin and clavulanate (found in Augmentin (GSK,

Brentford, UK)/Co-Amoxiclav (non-proprietary))

[Caron et al. 1991].

Older adults are at greater risk of developing diar-

rhoea and this may be because ageing is associated

with changes to the microbiota of the gut [Mueller

et al. 2006], which makes the old person more

vulnerable to the effects of antibiotics. The main

changes are decreases in total numbers and spe-

cies diversity of Bacteroides and Bifidobacteria asso-

ciated with decreased amylolytic activity; with

corresponding increases in facultative anaerobes,

Fusobacteria, Clostridia, and Eubacteria. There

are further changes observed in elderly patients

treated with antibiotics, including decreased

short-chain fatty acid production and increased

proteolytic activity [Guigoz et al. 2008]. All
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these changes may result in an increased risk of

diarrhoea; production of toxic metabolites which

could increase cancer risk; altered colonization

resistance thus leading to reduced resistance to

disease and increases in pathogenic bacteria in

the gut; and finally changes in immunity within

the gut, increasing infection risk.

Researchers have proposed that probiotics may

prevent diarrhoea by interrupting either of the

the potential mechanisms; by maintaining the

flora of the gut and ongoing carbohydrate fermen-

tation; and/or by competitively inhibiting the

growth of pathogens. The exact mechanism of

action is as yet unknown and may vary between

strains of bacteria. Ng and colleagues, and

Oelschlaeger have written comprehensive reviews

about the evidence supporting proposed mecha-

nisms of probiotic action [Oelschlaeger, 2010; Ng

et al. 2008]. There are three broad areas: modu-

lation of the host’s immune system; antimicrobial

activity; and other mechanisms relating to indirect

action on pathogens, the host or food compo-

nents. These are summarized in Figure 1.

To date, most studies in this area have been

in vitro or animal studies. These have provided

a useful framework and scientific basis for

modes of action; however this work needs to be

extended to human studies. Parkes and col-

leagues specifically review the evidence for the

mechanisms of action in the prevention of

CDAD [Parkes et al. 2009]. There are several

lines of evidence, primarily for S. boulardii, and

L. rhamnosus GG, which suggest that stimulation

of immune factors, and suppression of patho-

genic colonization are key. For example, S. bou-

lardii has been shown in two studies to upregulate

antitoxin A secretory immunoglobulin A expres-

sion in animal models of CDAD [Qamar et al.

2001; Buts et al. 1994] and in another study to

directly inhibit C. difficile toxin A binding to the

epithelium [Pothoulakis et al. 1993]. L. rhamno-

sus GG has been shown to increase gut mucin

production [Mack et al. 1999], which improves

the barrier defences of the epithelium, and

increases colonic water absorption [Madsen

et al. 2001], which directly reduces diarrhoea.

Summary of the evidence for probiotic
prevention of antibiotic-associated diarrhoea
Several systematic reviews on adult and paediat-

ric AAD suggest that probiotic bacteria offer a

solution. Data indicate that Lactobacillus strains

Lumen

Mucosa Lamina propria

Mucus layer
mucus layer

Epithellium

(4) Reduce luminal pH

(2) Competitive inhibition
Probiotics

(3) Inhibit bacterial adhesion/translocation

(1) Secrete bacteriocins/ defensins

(5)

Enhance
barrier function

Peyer’s patch

Mesenteric lymph nodes

Figure 1. Inhibition of enteric bacteria and enhancement of barrier function by probiotic bacteria. Schematic
representation of the crosstalk between probiotic bacteria and the intestinal mucosa. Antimicrobial activities of
probiotics include (1) the production of bacteriocins/defensins, (2) competitive inhibition with pathogenic bac-
teria, (3) inhibition of bacterial adherence or translocation, and (4) reduction of luminal pH. Probiotic bacte-
ria can also enhance intestinal barrier function by (5) increasing mucus production. Reproduced from Ng
[2008], with permission of John Wiley & Sons, Inc.
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in particular seem to be effective, however

the largest body of evidence is for the yeast

S. boulardii [McFarland, 2010]. The latest

meta-analysis of 10 randomized control trials

testing the efficacy of S. boulardii in preventing

AAD shows an overall, pooled relative risk of

0.47 [95% confidence interval (CI)¼0.35,

0.63; p< 0.001]. McFarland’s previous meta-

analysis [McFarland, 2006] examined other bac-

teria as well and found the relative risk of getting

AAD is 0.31 (95% CI¼ 0.13, 0.72; p¼ 0.006)

while taking L. rhamnosus GG (data combined

from six trials). Data from seven other trials

using various mixtures of bacteria were combined

and showed a relative risk of 0.51 (95%

CI¼0.38, 0.68; p< 0.0001). Finally, six further

trials of various single bacterial strains were com-

bined to give a relative risk of AAD of 0.46 (95%

CI¼0.21, 1.03; p¼0.06). Caution is required in

interpreting meta-analyses of more than one

strain because each strain has specific actions.

Previously the small number of trials testing

each individual strain led to meta-analyses com-

bining results from various stains, but now, as the

numbers of trials increase, it is encouraging to see

that new single-strain meta-analyses are

being published. It can be concluded from these

results that several bacterial strains and one yeast

have the potential to prevent AAD. The strongest

evidence is for S. boulardii and L. rhamnosus GG

because these have been used in most studies.

Since the McFarland (2006) meta-analysis, 11

further randomized controlled trials testing vari-

ous bacteria for preventative effects in adults have

been published. Seven tested various strains of

Lactobacillus and/or Bifidobacterium and all

showed a preventative effect (see Table 1 for

details). Three other trials failed to show an

effect (see Table 2 for details). However, there

were flaws in these three study designs, including

relatively small bacterial doses compared with

successful trials and limited follow up. One

abstract provides very limited methodological

information [Stein et al. 2007]. Finally, one trial

tested S. boulardii and is included in the recent

meta-analysis [McFarland, 2010] and therefore is

not detailed here.

It is worth noting that yoghurt is made by the

fermentation of milk with the starter cultures

Lactobacillus delbrueckii subspecies bulgaricus and

Streptococcus thermophilus. Although yogurt is a

common product in which probiotic bacteria

can be delivered to the human lower gut, there

is little evidence that these particular strains offer

beneficial effects. Some evidence exists for assist-

ing with rehabilitation following malnutrition in

children [Hamilton-Miller, 2004], however most

research has focused not on these starter cultures

but on the other bacteria added to the yogurt

product. The one study testing yogurt in the pre-

vention of AAD in the community [Conway et al.

2007] did not show a beneficial effect for either

standard yogurt or bioyogurt (which contains the

additional strains Lactobacillus acidophilus and

Bifidobacteria anamalis lactus), but the study was

underpowered (see Table 2). Nevertheless, an

earlier trial [Beniwal et al. 2003] conducted in

hospital patients, using bioyogurt containing a

combined dose of 2.27�108 colony forming

units (cfu)/day of L. acidophilus, L. delbrueckii

subspecies bulgaricus, and S. thermophilus

reduced AAD incidence from 24% to 12%.

However, this trial did not control the quality of

the bioyogurt to verify bacterial content, failed to

use a control product and was not blinded.

Therefore, the evidence for bioyogurt in the pre-

vention of AAD is equivocal but suggests if

patients choose to eat yogurt they should be

advised to eat live bioyogurts containing L.

acidophilus.

The focus of this review is diarrhoea in adults,

but it is worth noting that the conclusion of the

Cochrane systematic review for AAD in

paediatrics:

Probiotics show promise for the prevention of

paediatric AAD. While per protocol analysis

yields treatment effect estimates that are both

statistically and clinically significant, as does

analysis of high quality studies, the estimate

from the intention to treat analysis was not sta-

tistically significant. Future studies should

involve probiotic strains and doses with the

most promising evidence (e.g., Lactobacillus

GG, Lactobacillus sporogenes, Saccharomyces bou-

lardii at 5 to 40 billion colony forming units/

day). Research done to date does not permit

determination of the effect of age (e.g., infant

versus older children) or antibiotic duration

(e.g., 5 days versus 10 days). Future trials

would benefit from a validated primary outcome

measure for antibiotic-associated diarrhoea that

is sensitive to change and reflects what treatment

effect clinicians, parents, and children consider

important. The current data are promising, but

it is premature to routinely recommend probi-

otics for the prevention of paediatric AAD

[Johnston et al. 2007, p. 2].
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The study of probiotics in adults would also ben-

efit from improved trial methodology and this is

discussed in a later section.

Summary of the evidence of efficacy
for Clostridium difficile-associated
diarrhoea prevention
The data for C. difficile infection is less robust

with fewer trials conducted and most being

underpowered. It is important to note there are

two categories of studies around CDAD: primary

prevention, and treatment and prevention of

recurrent CDAD.

The Cochrane Group produced a systematic

review [Pillai and Nelson, 2008] to evaluate the

evidence for the treatment of CDAD. The

authors reviewed four studies [Lawrence et al.

2005; Wullt et al. 2003; Surawicz et al. 2000;

McFarland et al. 1994] and concluded that

there was insufficient evidence to support the

use of probiotic therapy as an adjunct to antibi-

otic therapy, and no evidence for the use of pro-

biotics alone, in the treatment of C. difficile

colitis.

There are two recent papers evaluating the evi-

dence on the prevention of CDAD [Parkes et al.

2009; Tung et al. 2009]. Parkes and colleagues

reviewed five studies, three testing mixtures of

bacteria and two examining S. boulardii. The

results were varied with one mixture [Plummer

et al. 2004] and neither S. boulardii trial

[Kotowska et al. 2005; Surawicz et al. 1989]

showed a significant effect. The other two trials

of mixtures showed a significant reduction in

CDAD rates [Hickson et al. 2007; Rafiq et al.

2007]. However, one trial is only available as an

abstract and has limited methodological and bac-

terial species information [Rafiq et al. 2007], and

the other trial had CDAD as a secondary out-

come and the results are based on only nine

cases of CDAD [Hickson et al. 2007]. Tung

and colleagues specifically reviewed the data on

S. boulardii and its role in both prevention of pri-

mary and recurrent C. difficile infection [Tung

et al. 2009]. They included the two primary pre-

vention studies [McFarland et al. 1995; Surawicz

et al. 1989], neither of which showed a significant

preventative effect. Both Tung and colleagues

and Parkes and colleagues concluded that the evi-

dence to date, although showing some promise

for primary prevention, is not yet sufficient to

make specific recommendations. Further large,

well powered studies with rigorous methodology

are required for each specific bacterial strain or

mixture with promising preliminary data.

The safety implications of probiotic use in
patients at risk of antibiotic-associated
diarrhoea
Probiotic bacterial strains used in food products

are generally regarded as safe in healthy popula-

tions, demonstrated by their extensive use over

centuries, with few reported adverse conse-

quences. However, by definition, healthy popula-

tions are not at risk of developing AAD, and so it

is important to consider the risks of probiotic

administration in the at risk group. Risk factors

for AAD and CDAD include duration and type

of antibiotic course, increasing age, severity of

underlying illnesses, duration of hospital stay,

presence of a nasogastric tube, and use of

proton pump inhibitors [Bignardi, 1998]. In

short, the population at greatest risk is old, hos-

pitalized patients treated with antibiotics.

Probiotic bacteria can cause infective episodes if

they translocate from the gastrointestinal tract to

extraintestinal sites, such as regional lymph

nodes, spleen, liver, bloodstream, heart valves,

or other tissues. Bacterial translocation is

caused by a defective intestinal barrier, immuno-

suppression, or gut prematurity, and may result

in bacteraemia, sepsis, and multiple organ failure

[Liong, 2008]. However, cases of probiotic

administration leading to bacteraemia or fungae-

mia are rare. In 2003 an expert panel concluded

that ‘Current evidence suggests that the risk of

infection with probiotic Lactobacilli or

Bifidobacteria is similar to that of infection with

commensal strains, and that consumption of such

products presents a negligible risk to consumers,

including immunocompromised hosts’ [Borriello

et al. 2003, p. 779].

Since this time, several further reviews have been

published summarizing the reported cases of pro-

biotic-related infections and reported adverse

events from clinical trials. Only one of these is a

systematic review [Whelan and Myers, 2010],

which specifically reviewed the safety of probi-

otics in artificially fed patients. This review iden-

tified reports of 32 patients with probiotic

infections concurrent with probiotic consump-

tion and artificial nutrition support. All of these

cases were infections of L. rhamnosus GG or

S. boulardii, but this is most likely due to their

extensive use rather than particular virulence.

Identified risks included central venous catheter
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in situ and increased risk of bacterial translocation

caused by critical illness or impaired immune

function. Delivery of large doses of bacteria

through post pyloric feeding tubes was identified

as a possible risk factor because of an increase in

noninfectious complications [Rayes et al. 2005]

and mortality [Besselink et al. 2008] in severely

ill patients. Nevertheless, other trials have deliv-

ered probiotic bacteria through jejunal feeding

tubes with no reported adverse events [Whelan

and Myers, 2010].

The other three recent reviews [Liong, 2008;

Boyle et al. 2006; Hammerman et al. 2006]

explored the safety of probiotics in all patient

groups. L. rhamnosus GG, L. casei, and Bacillus

subtilis are identified as species and strains that

have caused bacteraemia, and S. boulardii in

causing fungaemia. Immunocompromised

adults and neonates are identified as at risk, but

there is no clear description of how to define

immunocompromise. The presence of a central

venous catheter, impaired intestinal barrier, post

pyloric delivery of the probiotic and cardiac valve

disease are also highlighted as increasing the risk

of infection. However, the reviews also note that

infections are very rare and are not reported in

most trials of probiotics, even those studying

immunocompromised groups, such as HIV and

neonates.

It should be noted that there are difficulties in

linking infections to the specific probiotic strain,

particularly if only phenotypic identification

techniques are used. Ideally, genotypic methods

should be used in order to identify the precise

strain causing the infection and matching it to

the probiotic strain. Lactobacillus bacteria are

ubiquitous in the human diet and intestine and

many strains are indistinguishable using only

phenotypic techniques. The data in the literature

do not always refer to certain probiotic infection

since the infective bacteria may not have been

conclusively identified. Strain specificity is criti-

cal when evaluating the benefits of bacteria and it

is equally important in considering safety pro-

files, and so the safety of each proposed probiotic

bacteria should be individually assessed.

As outlined previously in this paper, there is sub-

stantial evidence for the benefit of certain strains

of bacteria in preventing AAD and CDAD, there-

fore the risk of using a probiotic should be care-

fully weighed against the benefits it may provide

in avoiding these serious and unpleasant side

effects.

Current clinical recommendations
In 2008 an expert group was convened at Yale

University to examine and grade the evidence

for use of probiotics in healthcare [Floch et al.

2008]. Evidence was graded as: A � strong, pos-

itive, well conducted, controlled studies in pri-

mary literature when the full paper is available;

B � positive, controlled studies but the presence

of some negative studies; C � some positive stud-

ies but clearly an inadequate amount of work to

establish either A or B grade. The group identi-

fied grade A evidence for the prevention of AAD

in ambulatory and hospitalized adult patients.

They stated L. rhamnosus GG and S. boulardii

have been shown to be effective, noting that evi-

dence for the mixture of L. casei DN-114 001,

L. delbrueckii subspecies bulgaricus and S. thermo-

philus was also good [Hickson et al. 2007]. It

should be noted that L. casei DN-114 001 is

deemed the ‘probiotic’ in this mixture; it is unli-

kely that the standard yogurt cultures also

included have an effect. Nevertheless, it is impos-

sible to state conclusively that only L. casei

DN-114 001 has the beneficial effects, since the

bacteria are delivered as part of a yoghurt drink,

which contains all three strains.

For the prevention of CDAD and its use in recur-

rent C. difficile disease the panel identified only

grade B evidence and highlighted that the best

data were for L. rhamnosus GG and S. boulardii.

The UK Health Protection Agency good practice

guidance for the management of C. difficile

infection [Department of Health and Health

Protection Agency, 2008] does not support the

use of any probiotic in the prevention or treat-

ment of C. difficile infection. It also notes that S.

boulardii is not licensed in the UK and is associ-

ated with fungaemia in immunosuppressed

groups, so does not recommend its use.

Similarly the Society for Healthcare

Epidemiology of America and the Infectious

Diseases Society of America do not recommend

probiotics for primary prevention of C. difficile

infection and also note a concern over possible

bloodstream infections [Cohen et al. 2010].

The World Gastroenterology Organization

(WGO) produced a practice guideline [World

Gastroenterology Organization, 2008] which

stated that there was strong evidence of efficacy
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for the prevention of AAD for S. boulardii or L.

rhamnosus GG in adults or children who are

receiving antibiotic therapy, and that the mixture

containing L. casei DN-114 001 is effective in

hospitalized adult patients for preventing AAD

and CDAD.

These recommendations show considerable con-

sistency. There is minor disagreement about the

level of evidence required to make a recommen-

dation regarding C. difficile infection. The WGO

support the use of the mixture containing L. casei

DN-114 001, whereas none of the other recom-

mendations consider the one paper providing

evidence sufficient. Because this paper [Hickson

et al. 2007] only presents data on nine cases of

CDAD, it would seem prudent to seek further

confirmatory data before making firm

recommendations.

Some of the trials listed in Table 1 were not pub-

lished when these recommendations were pre-

pared. For example, there is increasing evidence

for the mixture containing Lactobacillus acidophi-

lus CL1285, with two recent trials showing pos-

itive results.

The difficulty in using such recommendations is

that many probiotic strains are not readily avail-

able for use in healthcare institutions. There are

few controls on the labelling and quality of pro-

biotic bacteria, thus care is needed in ensuring

that the products used contain only the claimed

probiotic bacteria, in the claimed numbers, and

will deliver viable bacteria to the lower gut.

Future research
Future research needs to establish which species

and strains are best at preventing and treating

AAD and CDAD. Furthermore, research is

needed to verify the best dose to use, to establish

an ongoing robust safety record in groups at most

risk of AAD and CDAD (by documenting

risks and adverse events), and to explore the

cost�benefit relationship of providing such pre-

ventative treatment.

Many of the summaries of evidence are con-

founded by poor trial methodology, lack of

strain or dose definition, short follow up, absence

of quality control for the probiotic product, and

low statistical power. Future work should aim to

eradicate these flaws and further investment in

research is needed from the companies that

market such products.

Clinical trials are, by their nature, highly con-

trolled and always exclude some patients, thus

work is required to test the use of probiotic prod-

ucts in routine clinical practice. It is important to

show that the products can be easily acquired and

successfully delivered to patients in the health-

care setting. Data are also needed to demonstrate

that the probiotics are consumed in sufficient

amounts, that any costs are outweighed by the

savings, as well as demonstrating efficacy in

reducing diarrhoea incidence.

Conclusions
L. rhamnosus GG, S. boulardii and two mixtures,

one containing L. casei DN-114 001 and the

other Lactobacillus acidophilus CL1285, all have

good evidence of efficacy in preventing AAD in

clinical trials, but evidence of feasibility and effi-

cacy in routine practice is required. The evidence

for prevention and treatment of CDAD is cur-

rently equivocal. There may be other strains

that have equal or better efficacy and research is

required to establish which strains are the best to

use. Healthcare providers want a well defined,

proven intervention, and to deliver this goal

more high-quality research is needed.
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