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Abstract

Purpose: A serious complication associated with the use of most antibiotics
is antibiotic-associated diarrhea (AAD). The purpose of this article is to report
findings from a meta-analysis of available studies on adult hospitalized popu-
lations to evaluate efficacy of probiotics for prevention of AAD and Clostridium
difficile-associated disease (CDAD).
Data sources: A comprehensive, systematic search was conducted to identify
all relevant studies on probiotic efficacy for prevention of AAD and CDAD.
Data synthesis was done using MAStARI software from the Joanna Briggs In-
stitute (University of Adelaide, Australia).
Conclusions: AAD affects one in five people on antibiotics. Risk factors for
the development of AAD include the use of broad-spectrum antibiotics and
host factors such as age, health status, hospitalization status, and exposure to
nosocomial pathogens. About a third of AAD cases have CDAD. Meta-analysis
showed that administration of probiotics led to a statistically significant relative
risk reduction of 44% for AAD and 71% for CDAD.
Implications for practice: Extended hospital stays, readmissions, and higher
hospital costs are just some of the consequences of ADD and CDAD. Strategies
currently used include discontinuing or changing the inciting antibiotic, re-
stricting high-risk antibiotics, and encouraging the use of antibiotics based on
sensitivity reports. Healthcare spending, morbidity, and mortality can poten-
tially be reduced considerably by reducing the occurrence of ADD and CDAD
by administering prophylaxis with probiotics concurrently with antibiotics.

Antibiotic-associated diarrhea (AAD) and Clostridium diffi-
cile-associated disease (CDAD) have become growing con-
cerns in health care. The spectrum of severity of CDAD
can range from uncomplicated diarrhea to sepsis, which
may lead to death. CDAD rates and severity are increas-
ing, and it has been hypothesized that this may be due
to new resistant strains of C. difficile. Transmission of C.
difficile occurs primarily in healthcare facilities via the
fecal-oral route following transient contamination of the
hands of healthcare workers and patients and is almost
always associated with antimicrobial use. Within the pa-
tient care environment, contamination is a major con-
cern (Sunenshine et al., 2006). Patients with CDAD re-
main in the hospital an average 3.6 days longer. Each
patient stay results in additional hospital costs averag-

ing $3,669.10 per patient day. A conservative estimate
of the cost of this disease in the United States was over
$1 billion annually in 2002 (Kyne et al., 2002). In a re-
cent article (Dubberke et al., 2008), U.S. hospital costs for
CDAD management were estimated to be $3.2 billion per
year.

Strategies for prevention of AAD and CDAD currently
include stopping or changing the antibiotic causing the
problem and focusing antibiotic choices based on the eti-
ology of the infection. Evidence supports the potential
role of probiotics to favorably influence the mechanism
that is responsible for AAD and possibly CDAD. Probiotics
are live microorganisms (in most cases, bacteria) that are
similar to beneficial microorganisms found in the human
gastrointestinal (GI) tract.
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Probiotics cause similar effects by three different mech-
anisms: first, it is believed that there is suppression
of growth or epithelial binding/invasion by pathogenic
bacteria. The second mechanism appears to be improv-
ing the intestinal barrier function, thereby inducing pro-
tective cytokines. The third mechanism is a modulation
of the immune system by suppression of intestinal proin-
flammatory cytokines such as tumor necrosis factor. Pro-
biotics are also known to resist gastric acid and bile acids,
colonize the intestinal tract, and influence cytokines se-
creted by intestinal epithelial cells (Up-to-date, 2007).
The use of probiotics along with antibiotics to provide
prophylaxis against AAD and CDAD appears to be an es-
sential tool that needs further investigation and attention
by clinicians. The American College of Gastroenterology
(ACG) recognized the role of probiotics and included pro-
biotics for AAD as a level A recommendation and for
CDAD as a level B recommendation (Floch et al., 2008).
Based on these insights from the literature, it was our
intention to conduct a meta-analysis to determine the ef-
ficacy of probiotics in prevention of AAD and CDAD in
adult, hospital-based populations.

Methods

Objectives

The purpose of this meta-analysis was to determine the
effect of administration of probiotics in the prevention of
AAD and CDAD in adult, hospitalized populations. Using
meta-analytic methods, the specific aims of the review
were to:

1. Assess whether probiotics, when administered with
antibiotics, will reduce the incidence and sever-
ity of AAD and CDAD in an adult, hospitalized
population.

2. Assess the incidence of adverse events when probi-
otics are coadministered with antibiotics in adults.

Criteria for study selection

All available randomized controlled trials evaluating
the effectiveness of probiotics for prevention of AAD
and CDD were included. Only studies conducted after
1990 on adults in hospital-based populations were in-
cluded in this review. Furthermore, the analysis was
limited to studies available in English language and full-
text only. Studies where probiotic agents were com-
pared to placebo, or active or no-treatment control were
searched and reviewed irrespective of their publication
status. However, all the studies included in the meta-
analysis were found on PubMed. Studies involving adult
patients above 18 years on antibiotics in hospital settings

were included in this review. Studies with males and fe-
males and all ethnic groups were included.

Studies including patients with pre-existing GI disease
such as inflammatory bowel disease and irritable bowel
syndrome were excluded. Also, patients with compro-
mised immune status were not participants in any of
the studies included in the analysis because immuno-
compromised patients are at an increased risk for devel-
oping CDAD (Centers for Disease Control and Preven-
tion [CDC], 2008). This systematic review was focused on
studies that assessed the efficacy of probiotic species alone
or in combination with other probiotics for the purpose
of AAD and CDAD prevention. All available studies com-
paring probiotics to placebo along with antibiotics were
included.

Outcomes and definitions

The primary outcome for analysis in this study was the
incidence of AAD and CDAD. The operational definition
was extracted by using the definitions of primary inves-
tigators of each study based on frequency and consis-
tency of bowel movements. Diarrhea across studies was
defined as more than two liquid stools a day for three
or more days in quantities in excess of normal for each
patient. This definition was consistent with the defini-
tion of diarrhea given by the World Health Organiza-
tion (WHO, 2008), “Diarrhea is the passage of three or
more loose or liquid stools per day, or more frequently
than is normal for the individual.” The presence of CDAD
was based on a positive stool test of C. difficile toxin A
and B.

Data sources

A comprehensive search was conducted to identify
all relevant studies on probiotic efficacy for AAD and
CDAD. First, a search was conducted using MEDLINE and
CINAHL followed by an analysis of the text words con-
tained in the title and abstract and of the index terms
used to describe the article in an effort to identify key
words. The second search was based on all identified key
words and index terms. Finally, a third search was con-
ducted for additional studies from reference lists for all
identified reports and articles. All abstracts were reviewed
first to determine if studies met the study inclusion crite-
ria of adults 18–80 years of age, use of antibiotics, hospi-
tal setting, and studies evaluating efficacy of concurrent
use of probiotics compared with antibiotics alone. Full-
text versions of chosen studies were then obtained for
a thorough review. Furthermore, author searching was
conducted by searching each database for the names of
authors of relevant reports to ascertain if they published
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Table 1 Excluded studies for probiotics for AAD and CDAD

Author/year Probiotic used Setting/participants Results Reason for exclusion

Stein et al. (2007) No details of probiotics

available in the abstract

Hospitalized patients in Israel

(n = 42)

No protective effect of

probiotics

Full article not available in

English

Bleichner et al.

(1997)

Saccharomyces boulardii

500 mg QID

Critically ill, tube fed patients

studied for diarrhea

S. Boulardii reduced the

mean% of days with diarrhea

AAD info not available

other or similar work on the topic of interest. The Up-
to-date database (www.uptodate.com) was also used to
locate the most current literature on probiotics and AAD
and CDAD. Other databases searched were Pub Med,
MEDLINE, CINAHL, Pre-CINAHL, Health Star, Science
Direct, Biomed Central Cochrane library, Joanna Briggs
Institute (JBI) library, TRIP (Turning research into prac-
tice), CDC website SUMSEARCH, Agency for Healthcare
Research and Quality (AHRQ) website for reports and
clinical guidelines, Google and Google scholar for unpub-
lished studies, and the Complementary and Alternative
Medicine (CAM) site at the National Institutes of Health
(NIH). It is important to emphasize that there were no
unpublished studies located for review.

Data extraction

Data were extracted using JBI’s standardized data ex-
traction form. Data collected included the following
items: Author, year of publication, study setting, method-
ological design, inclusion and exclusion criteria for par-
ticipants, patient characteristics (age, gender), number of
patients allocated to each group, reasons for withdrawal,
measures of compliance, and interventions (specific pro-
biotic; duration, dosage, and schedule of antibiotic; dura-
tion, dosage, and schedule of probiotic). Outcome mea-
sures recorded were incidence of diarrhea and presence
of CDAD-positive stools.

Assessment of methodological quality

Search results were screened independently by two
investigators, using titles of papers and, when avail-
able, abstracts. The full texts of the selected articles
were retrieved, and the two investigators independently
assessed each article for inclusion according to pre-
specified inclusion criteria. Methodological quality was
assessed independently by two investigators. Quality
components were assessed for selection, detection, per-
formance, and loss to follow-up bias. Each of the included
studies was evaluated using JBI’s assessment instrument
to assess randomization, double blinding, withdrawals,
and dropouts. Disagreements in assessments of the in-

vestigators were resolved through open discussion and
consensus.

Overview of excluded/included studies

The literature search using the above mentioned key
words yielded 37 abstracts. Twenty-seven of those ab-
stracts were excluded because the studies were not con-
ducted on hospitalized adults; 10 abstracts met criteria.
During the review of full text articles, two studies were
excluded (see Figure S1). The first excluded study was by
Stein et al. (2007), and the reason for exclusion was that
the full article was published in Hebrew only. The second
excluded study by Bleichner et al. (1997) was excluded
because the use of antibiotics was not clearly defined (see
Table 1). A total of eight studies met criteria and were
included in the meta-analysis (see Table 2).

Data synthesis

Results were combined unless clinical or methodolog-
ical heterogeneity suggested unreasonable combinations.
Dichotomous data were used as number of cases of AAD
and CDAD in the two groups under study, and risk ratios
were calculated along with their corresponding 95% con-
fidence intervals. Relative risk reductions (RRRs) were
also calculated. Data synthesis was done using Meta-
Analysis of Statistics Assessment and Review Instrument
(JBI-MAStARI) software (JBI, University of Adelaide,
Australia).

Discussion

Results for antibiotic-associated diarrhea

A forest plot was produced using the MAStARI
software (JBI) using the random effects model and
Mantel–Haenszel relative risk (RR) ratios for all the
eight included studies (see Figure 1). The results of the
meta-analysis were in favor of treatment with probiotics.
Total number of participants across studies was 1220.
Mantel–Haenszel RR was 0.56 showing a protective ef-
fect of probiotics for AAD (95% CI, 0.44–0.71). Hetero-
geneity was low to moderate (29.12), which should be
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Table 2 Included studies for probiotics for AAD and CDAD

Author/year Probiotic used Design/setting/participants Results Data on CDAD

Beniwal et al.

(2003)

227 grams (106 cultures/g) of

commercial vanilla flavored yogurt

containing a mixture of

Lactobacillus acidophilus,

Lactobacillus bulgaricus, and

Streptococcus thermophilus.

Total n = 206, mean age = 70,

participants from general medicine

teaching floors, CCU, ICU, and

skilled nursing facility, McKeesport

Hospital, Pennsylvania

AAD: Probiotic

group = 13/105.

Placebo

group = 23/97

No data on CDAD

provided

Can, Besirbellioglu,

Avci, Beker, and

Pahsa (2006)

Two capsules of Saccharomyces

boulardii per day

Total n = 151, age group 25–50,

inpatients from Gulhane Military

Medical Academy School of military

medicine, Turkey

AAD: Probiotic

group = 1/73.

Placebo

group = 7/78

CDAD data: Probiotic

group = 0/73.

Placebo

group = 2/78

Hickson et al.

(2007)

100 g yogurt drink contained

Lactobacillus casei (1.0 × 108

cfu/mL), Lactobacillus bulgaricus

(1.0 × 108cfu/mL), and S.

thermophillus (1.0 × 107cfu/mL).

Total n = 135, mean age = 74,

hospitalized patients in three

London hospitals

AAD: Probiotic

group = 7/57.

Placebo

group = 19/56

CDAD data: Probiotic

group = 0/57.

Placebo

group = 9/56

Lewis et al. (1998) S. boulardii—113 mg twice daily Total n = 69, hospitalized patients >

75-year old admitted acutely to the

general medical wards of a UK

hospital.

AAD: Probiotic

group = 7/33.

Placebo

group = 5/36

CDAD data: Probiotic

group = 5/33

Placebo

group = 3/36

McFarland et al.

(1995)

S. boulardii—Two 250 mg

capsules/day

Total n = 193, inpatients from

University of Washington Medical

center, ages (18–86)

AAD: Probiotic

group = 7/97.

Placebo = 14/96

CDAD data: None

Plummer, Weaver,

Harris, Dee, and

Hunter (2004)

2 × 1010 cfus of Lactobacillus

acidophilus and Bifidobacterium

bifidum per day

Total n = 138, elderly patients from a

UK hospital

AAD: Probiotic

group = 2/69.

Placebo

group = 6/69

CDAD data: Probiotic

group = 2.9%.

Placebo

group = 7.2%

Thomas et al.

(2001)

10 × 108 cfus of Lactobacillus

rhamnosus GG

Total n = 267, inpatients from St.

Mary’s Hospital, Rochester

AAD: Probiotic

group = 39/133.

Placebo = 40/134

CDAD data: None

Wenus et al. (2008) 250 mL of probiotic drink fermented

with L. rhamnosus GG and

Bifidobacterium 108 cfu/mL of L.

rhamnosus GG and 107 cfu/mL of

Bifidobacterium

Total n = 87, University Hospital of

North Norway

AAD: Probiotic

group = 2/46.

Placebo = 8/41

CDAD data: None

Figure 1 Forest plot—Probiotics for AAD.
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Figure 2 Forest Plot—Probiotics for CDAD.

expected because of inclusion of negative studies. Het-
erogeneity can be clearly visualized from the Lewis, Potts,
and Barry (1998) study, which was a negative study using
inadequate dosage of probiotics (see Table 2). The overall
effect size (Z score of 4.75) was highly statistically signifi-
cant p ≤ .0001. The calculated RRR using the risk ratio of
0.56 was 44%.

Results for CDAD

The forest plot for CDAD data was also drawn using the
MAStARI software (JBI) using the fixed effect model for
all four included studies that reported on CDAD cases (see
Figure 2). The total number of participants across studies
of CDAD was 471. The combined results favored treat-
ment with probiotics for prevention of CDAD with the
Mantel–Haenszel RR of 0.29 (95% CI 0.18–0.46), show-
ing the protective effect of probiotics for CDAD. Over-
all effect size (Z score) was highly statistically significant
5.18, p ≤ .001 (see Table 3). Based on the overall odds ra-
tio of 0.29 (95% CI 0.18–0.46), the RRR was 71% show-
ing the potential of probiotics for decreasing CDAD cases
caused by exposure to antibiotics. Low to moderate het-
erogeneity was present in this review as well.

Limitations

This meta-analysis should be interpreted within the
context of its limitations. When performing a meta-

analysis, there may be bias due to publication bias (i.e.,
the tendency not to publish negative studies). No for-
mal steps were taken to examine for publication bias, as
there were few studies on any given effect and any formal
method would have had little power. Although an exten-
sive search strategy was used for finding published trials,
no unpublished trials were identified. Second, this and
any meta-analysis is limited by the quantity and quality
of existing data. The methodology of the included studies
could differ and could be suboptimal. Potential limitations
included unclear or inadequate allocation concealment,
and no intention-to-treat analysis. Study limitations also
included a small sample size in some trials, difference in
type of probiotics and types of antibiotics used, baseline
severity of illness, and difference in study populations.
Finally, all meta-analyses contain heterogeneity. There
was statistically significant heterogeneity despite absence
of clinical heterogeneity among the studies. Also, given
the small number of studies, statistical conclusions on de-
terminants of heterogeneity might be flawed. Based on
some of these limitations, further research with random-
ized clinical trials is suggested.

Conclusions

This meta-analysis supports that probiotics are effica-
cious in preventing AAD and CDAD among hospitalized
adults. The concurrent use of probiotics and antibiotics

Table 3 Statistical data from probiotics for AAD and CDAD

Relative risk RRR 100% × (1–RR) Overall Z score, p χ2 heterogeneity and p

AAD RR = 0.56 95% CI, 0.44–0.71 100% × (1–0.56) = 44% Overall Z = 4.75, p ≤ 0.001 Heterogeneity χ2 = 29.12, p = .0

CDAD RR = 0.29 95% CI, 0.18–0.46 100% × (1–0.29 = 71% Overall Z = 5.18, p ≤ 0.001 Heterogeneity χ2 = 29.35, p = .0

Statistical data from Probiotics for AAD and CDAD.
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for prevention of AAD and CDAD showed a significant
RRR. The Cochrane formula was used for calculation of
RRR: RRR = 100% × (1–RR). RRR for AAD was 44%
meaning that use for probiotics can decrease the inci-
dence of AAD by 44%. RRR for CDAD was 71%. Urgency
to utilize probiotics is clearly supported by the ACG’s
focus on probiotics for AAD and CDAD during their an-
nual meeting (Guandalini, 2007). A recent Medscape in-
fectious diseases article approached the problem of CDAD
as a global perspective of an epidemic. This article empha-
sizes that epidemiology of C. difficile has rapidly changed
over the last few years. Investigators around the world
observed a worrying and unanticipated increase in the
incidence of CDAD during the past 5 years. Gradually, it
became evident that the world was experiencing an epi-
demic of CDAD associated with increased clinical severity
and cases that were more refractory to conventional ther-
apy (Chen & Sexton, 2008). The protective effect offered
by probiotics evidenced by the RRR offered by probi-
otics based on this review, coupled with the current clin-
ical challenge of increasing incidence of AAD and CDAD,
places an important responsibility on clinicians to use and
further investigate probiotics.
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Additional supporting information may be found in the
online version of this article.

Figure S1. Search results.
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sible for the content or functionality of any supplemen-
tary materials supplied by the authors. Any queries (other
than missing material) should be directed to the corre-
sponding author for the article.
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