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Probiotics ln prevention of antibiotic associated diarrhoea:
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Aloysius L D'Souza Chakrar"arthi Rajkumar,Jonathan Cooke, ChristopherJ Bulpitt

Abstract

Objective To evaluate efrcacy of probiodcs in
prevention and treatrnent ofdiarrhoea associated wi*r

the use of antibiotics
Design Meta-analysis; outcome dau (proportion of

patients not getting diarrhoea) were analysed pooled
and compared to determine odds rados in Eeated and
control groups
Identification Studies identified by searching Medline
between 1966 and 2000 and the Coörane Libmry.
Snrdies reviewed Nine randomised double blind
placebo controlled u:ials of probiotics.
Results Two of the nine strrdies investigated the
effects ofprobiotics in children. Four u-ials used a
y east (S auharory ce s b oulardä), four used lactobacilli
and one used a strain ofenterococcus that produced
lactic acid Three trials used a combination of
probiotic strains ofbacteria- In all nine trials, the
probiotics were given in combination with antibiotics
and the control groups received placebo and
antibiotics.The odds ratio in favour ofactive
treatrnent over placebo in preventing diarrhoea
associated with antibiotics was 0.39 (95oÄ confidence
interv'al 0.25 to 0.62; P ( 0.001) for the yeast and 0.34
(0. l9 to 0.6 I ; P ( 0.01 for lactobacüli. The combined
odds ratio was 0.37 (0.26 to 0.53; P<0.001) in favour
ofactive reatrnent over placebo.
Conclusions The meta-analysis suggests that
probiotics can be used to prevent antibiotic associated
diarrhoea and that S boulardüand lactobacilli have the
potential to be used in this situation. The eficacy of
probiotics in treating antibiotic associated diarrhoea
rerurins to be proved. A further large trial in which
probiotics are used as preventive agents should look
at the costs of and need for routine use of these
agent5.

lntroduction

Biological agents ("biotherapeutic agents" or "probiot-

ics") have been used to treat a variety of irrfecdorx,
most notably infections of mucosal surfaces such as the
gut and vagina (box). After the discovery and develop
ment of antibiotics. the value of these traditional trear-
ments diminished Now, however, we are being forced
to iook at alternatives to antibiotics to combat the g,rer

increasing number of infections that occur böcause of
excessive use of antibiotics
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The term "probiotic" was first used to describe "a

live microbial supplement, which beneficially affects
the host by improving its microbial balance."' Since
then, research has looked at possible clinical uses for

these agents and in 1995,when a greaterundersund-
ing of their properties had developed, the term
"biotherapeutic agents" was proposed to describe
micro-organisms with specific therapeutic properties
that also inhibit the growth of pathogenic bacteria"

A number ofagents have been isolated and srudied
with a view to clinical use. Streptococals thcraophihu and'
I-actobacilhts bulgarinu, commonly used in the dairy
food industry, were among the first to be studied. Other
strains that have been used are Bifdobarterium bifdzttu
B hntgw4 Entaomau fazchn4 Saahanntlces boulordü,
L acido\hilus, L cosei" ond Ladobacilhu GG. However,

doctors are still reluctant to use these agents in clinical
practice.

ln this paper, we review the results from various

u-ials carried out to study their benefts. We also look at
the propenies ofbiotherapeutic agents and options for

further research.

Materials and methods

Literature scarch
We searched Medline between 1966 to 2000 with the

terms "probioticsi "biotherapeutic agents," "lactoba-

cilll" "antibiotic associated diarrh oe4" arrd " Clostriditnt
dili!:ih." We also searched the Cochrane Conuolled
Trials Register and the Cochrane Database of System-
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Probiotics and their uses

. Probiotics are live organisms that improve üre
microbial balance ofthe host
o Probiotics have speci^l properties that make them
useful in fighting infections of mucosal surfaces such
as the gut and vagina
. Diferent species oflacobacilli have the potential for
use in dinicaf praclice as also the yeast Smlarongus
hulzrdü
. Probiotics are becoming increasingly available as
capsules and dairy based food supplements sold in
health food stores and some supermarkes
. The relative lack of side efects makes probiotics
a possible way ofpreventing antibiotic associated
diarrhoea
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Table 1 Characteristics of patients in nino trials included in meta-analysis 0l trials looking at prevention of diarrhoea
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atic Reviews. We restricted the search of Medline to
published literature that had an English abstract;
reviews identified by the searches of Medline and the
Cochrane Database gave information about rials with-
out an English abstracu* We included all randomised
double blind trials that compared the efects of pro-

biotic therapy and placebo (both given in combination
with antibiotics). We independendy assessed articles
and abstrace, and we each put forward artides for
inclusion.

Overall, we identified 38 reierrant papers on the use
of probiotics We excluded 28 of the 38 papers-three
single blind fials,t-u two letters on experimental use of
probiotics,ro'r three case senes,"-tt and three trials
originally done for another indication.'-'" We also
excluded five trials that srudied only traveller's
diarrhoea'rr-lr and 12 trials that studied infecrious
diarrhoea*'"-t Of the latter, one u'ial was in normal
subjects exposed tc a bacteriai challenge,' one in
patients infected with HIV,6 n.ine in children with diar-
rhoea of mixed causes. and one in aduls with

diarrhoea of mixed cäuses.* We o<cluded the trial in
HfV patients because the results may not be
generalised to other patients"

Ten double bünd placebo controlled trials were rel-

evant to our area of interest (nine published in English
and one in French).t'-" Our meta-analysis included
nine that looked at prevention of diarrhoea- We
excluded the other trid which looked at treatrnenr of
diarrhoea*: this rial had two arms looking specificaily
at outcome of treatrnent*-one of recurrent diarrhoea
caused by Cbstridium d.ificilz and the other of
non-recurrent disease caused by this organism.

Meta-analysis and data abstraction
The meta-analysis was carried out according to the
recommendations of the QUOROM stat€menLl The

key outcome daa taken for analysis induded the sam-
ple size (table l), treatrnent regimens, and numbers of
padena in both arms ofthe study who had an absence
ofdiarrhoea (table 2).

Quantitative data synthesis and validity assessment
We used the percentage of patiens without diarrhoea
in the probiotic and placebo groups as an outcome
measure. We defined diarrhoea as "a change from the
patient's normal bowel habit, with two or more loose or
watery stools for at least two days." We performed three
separate analyses: one for the four prevention trials
ustng S boulnrdä,one for the five u-ials using lactobacilli
or enterococci, and one on pooled data from all nine
trials.

We ensured that the odds ratios were not
heterogeneous across the trials by performing tests of
homogeneiry across all nine trials (P:0.246), across
the four yeast trials (P : 0.065), and across the five non-
yeast trials (P:0.573). fu these tests did not achieve
signficancg we combined the information in the
tables, using the Mantel Haenszel method. We also cal-
culated summary odds ratios and 950/o confidence
intervals for these analyses, and we plotted a gnph by
using the log of the odds ratios to determine the ben-
eüt of treatment over placebo.

Publioatürn bias
A funnel plot (fig l)'" did not show any publication
bias; it showed that the larger studies found benefit and
the smaller studies Bave results varying from good to
no benefit Two further tests were carried out to investi-
gate possible publication bias-the Begg and Mazum-
dar adjusted rank correlation test for publication bias
and the Egger et al regression asymmeu-y testfor pub-
lication bias.

Table 2 Probiotics studi€d in trials and patients with absence of diarrhosa at end of trial
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The Begg and Mazumdar adjusted rank correlation

test is a direct statistical analogue of the visual funnel

graph (in fig l). Note that both the test and the funnel

graph have low power for detecting publication bias'

ltre Begg and Mazumdar procedure tests for

publication bias by determining if there is a significant
correladon between the effect estimates and their vari-

ances, When this test was used on the data, a P value of

0.297 was obtained
The Egger et aI regression asymmery test and the

regression as)'mmetry plot tend to suggest publication

bias more often than the Begg approach. The Egger

test detects funnel plot asymmetry by determining
whether the intercept deviates signitrcandy from zero

in a regression of the standardised efect estimatcs

against their precision. Egger's test for bias gave a

PMßioo

Fiq 3 Plot of publication bias using data trom Egger et al's
regression asymmetry test 95% confidence inteffal is given beMeen
markers at x=0

P value of 0.08 and the confidence interval included
zero

The Begg and Egger tests provide graphicai output
(figs 2 and 3). ln figure 3, the regression asymmetq/

graph plots the standardised efect estimates (odds

ratio) against precision (l divided by standard error)
along with the variance weighted regression line and
the confidence interval about the intercept Failure of
this confidence interval to indude zero indicates asym-
meq/ in the funnel plot and may give evidence of pub-

lication bias. Guide lines at x : 0 and y: 0 are plotted

to help determine visually whether zero is in the confi-
dence interval. As this test did include zero, we

conduded that publication bias was not prescnt in our

meta-analysis

Resuls

Nine trials were iniluded in the final analysis (fig 4).

The snrdy regimens used probiotics combined with

one antibiotic or a variety of antibiotics (table 2). All

trials studied the efrcacy of a probiotic in t}te

prevention of antibiotic associated diarrhoea The

numbers of patients and the duration of follow up var-

ied gready from study to sudy, but the patients'charac-
teristics were sirnilar for the active treatrnent and
placebo groups within each snrdy.

We calculated the odds ratio on the basis of the
proportion ofpatients free ofdiarrhoea on tteatrnent

compared with that in cono'ol groups A-fter tests of

homogeneiry, surnmary odds ratios and 950,t confi-
dence interv'al limits were provided for the combined

data ofthe four trials that used S Öozüardii (yeast u'iais),

the five non-yeast trials, and all nine trials together.The

combined odds ratios for the four yeast trials and for

the five non-yeast Fials were similar (0.39 (95%

confidence interval 0.25 to 0.62) and 0.34 (0.19 to

0.61), respectively); both favoured active treatrnent over

placebo in the prevention ofantibiouc associated diar-

rhoea The odds ratio for pooled data from all nine

trials was in favour ofacUve featrnent over placebo in

the prevention ofantibiotic assooated diarrhoea (0.37;

0.26 to 0.53). Six studies showed a significant benefit of

probiotic featment compared with placebo (P < 0'05)
(fig 5).t' t't * tt tn One study showed benefit for only a

subgroup of patients who did not receive non-

antibiotic drugs likely to induce diarrhoea, such as

magnesium hydroxide (for constipation), lacn-rlose, and

bisacodyl (for hepatic encephalopathy).'?

Findings
McFarland ei al showed that S bru.kndü lessened

diarrhoea assodated with antibiotics that conuain a p

lactam ring andprevented rectrrrent C diftrilz'nfecion
when given in combination with standard anubiot-
icstt'o llhere was no bene6t, however, when S bai.ardü
was used to treat primary infection with C diXicile"'

Schellenberg et al reported success with breweis

yeast, S cereui-ti4c,for the treatrnent of C difttib coßtß'"

This finding was criticised in one paper,'u but was suP

ported in another.'"
La.tobatilllts GG was successfully used to treat a

group of patiens with recurrent diarrhoea caused by

C dinicilz.tn Vanderhoof et al showed a significant
reduction in antibiotic associated diarrhoea, using this

agent in children,* The otber rrials in our meta-
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analysis used different strains of lactobacilli two trials
used two different strains of lactobacilli in combina-
tion.t: tu Wrnderlich et al showed that the strain of
enterococcus strain SF68 that produced lactic acid was
useful.' In the Orrhage study, a combination of
L acidoPhihu and B@baiteritm survived in the human
gut and reduced the faecal counts ofclostridia"

Discussion

Our meta-analysis of n-ials that used live organisms to
prevent diarrhoea associated with antibiocics sbows
that probiotics may be effective in preventing antibiotic
associated diarrhoea- We had only a small number of
trials in our meta-analysis, and it should be noted that

the different antibiotics used in the trials may have
altered the risk of patients getting diarrho€a and theü
response to the probiotics. Although probiotics have
been used to pr€vent or Feat diarrhoea of other
causes-namely travdlet's diarrhoea and infantile

Sludy 0ddr nllo

infectious diarrhoea-we did not include u'ials that
investigated probiotics in these indications; however,
most of these snrdies showed positive results, and some
reviews have been encouraging."

The way in whiö probiotics afect the gut has
drawn much interest To combat the problems of
gastrointestinal infection, a probiotic must be non-
pathogenic and must act against pathogens by
different mechanisms from antibiotics-for e<ample,
by cornpetition. More importantly, they should have a
fairly rapid onset of action and survive the challenges
of gasu-ic aci4 bile, or conolrrenr antibiotics It is also
desirable that tbey modi$ immune processes to
desu-oy the invading organism. SoahoronEccs boulardü
and lactobacilli display these common properties.

A few live organisms have been used in many trials
S bovlordii a non-pathogenic yeast, is one such organ-
ism. It has a growth temp€rature of 37"C, rapidly colo-
nises the bowel, does not alter the normal gut flor4 and
is cleared from the colon after Featment is discontin-
ued* Of the four yeast trials, two snrdies individually
showed significant benefitrr"r7 but one did nor*;
differences in the dose and duration of u'eaunent with
S burLordü and variations in the period of follow up
may explain this disparity. lnterestingiy, S boulmdü cart
also destroy the receptor site for C dificilz toxin A and
B by producing a proteaseiT; this could explain how
S bou.la,rdä was noted to reduce the fi'equency of toxin
B positivity.* This finding was criticised,'u but it was also
supported*

The other probiotic agent used widely in clinical
trials is the Lottobocilltts species. The mechanism of
action of lactobacilli may be through multiple means:
Itnobaällus GG has shown beneficial effects on intesti-
nal immuniry it increases the numbers of cells that
secrete funrnunoglobulin G and other immunoglobu-
lins in the intestinal mucosa, and it stimulates the local
release of interferon.'" It aiso facilitates antigen
transport to underlying lymphoid cells, and shows
increased uptal<e in Peyers patches.'^ ladobadlhß GG
has also been shown to produce an antimicrobial sub-
stance that inhibia the growth of Esdurirhia mli,srep-
tococci, C d,ifuib, Bactcroides fragilis, arrd, Solmoulln.'"
L casei shiota also showed good suwival in the gut in
separate snrdies, and mucosal antibody titres (specific

to lactobacilii) were increased in the presence of this
agenL* " Although there was no discemible change to
the numbers of closn-idia or enterococci. there was an
increase in the numbers of o<creted bifidobacteria-a
normal bowel anaerobe.'u' It is possible that this
increase in bifidobacteria interferes with the patho
genic potential of C difuilz.

Advantages of S boulard.ü. over current dinical prac-
tice include ir ready awailability in the form of brewer's
yeast, its easy administration, and the remarkable cost

effectiveness of its use compared with vancomycin
when infection occurstt However, there is a risk of fun-
gaemia in immunocompromised paticntsi" and furtlrer
large trials to document safety are needed before use of

this agent will be accepted widely. Some papers report
the development of septicaemia in immuno-
compromised patients and of endocarditis in those
with damaged or artificial heart valves who have been
treated with lactobacillis"; it would seem prudent to
avoid using lactobacilli in such patients
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