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Introduction
Antibiotics are commonly prescribed and are associated with
Clostridium difficile infection (CDI) and its complications including
toxic megacolon and death.1 Recent data suggest that treating CDI
costs $24 205 per patient.2 This JAMA Clinical Evidence Synopsis
summarizes a recent Cochrane review.3

Summary of Findings
Co-administration of probiotics and antibiotics was associated with
a lower risk for CDI vs placebo or no treatment (70/4525 [1.5%] vs 164/
4147 [4.0%], respectively; risk ratio [RR], 0.40 [95% CI, 0.30-0.52],
P < .001) based on moderate-quality evidence using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) and a number needed to treat (NNT) of 40 (Figure). The re-
sults did not substantially change in predefined subgroups consist-
ing of inpatients, outpatients, adults, children, probiotic species or
strains, lower probiotic doses, higher probiotic doses, or studies at high
risk vs low risk of bias.

In a post hoc subgroup analysis of trials grouped by baseline risk
of CDI (determined by the event risk for placebo or no treatment),
there was no association of probiotics plus antibiotics with CDI re-
duction in trials with a risk of CDI of 0%-2% or 3%-5% vs placebo or
no treatment; however, there was an association with CDI reduction
in trials with CDI risk greater than 5% (43/1370 [3.1%] vs 126/1084
[11.6%]; RR, 0.30 [95% CI, 0.21-0.42], P = .01; GRADE: moderate-
quality evidence; NNT, 12).

Probiotics plus antibiotics were associated with a lower risk of
adverse events such as abdominal cramping and nausea vs pla-
cebo or no treatment (620/4329 [14.3%] vs 677/3976 [17.0%]; RR,
0.83 [95% CI, 0.71 to 0.97], P = .02; GRADE: very low–quality evi-
dence; NNT, 37). No trials reported serious adverse events attrib-
utable to probiotics. Probiotics plus antibiotics were associated with
a lower risk of antibiotic-associated diarrhea vs placebo or no treat-
ment (565/4618 [12.2%] vs 771/4252 [18.1%]; RR, 0.58 [95% CI, 0.48
to 0.70], P < .001; GRADE: low-quality evidence; NNT, 17).

Discussion
Among 31 studies comparing antibiotics and probiotics vs placebo
or no treatment for preventing CDI in patients receiving antibiot-
ics, probiotics were associated with a lower risk of CDI, adverse
events, and antibiotic-associated diarrhea. In a post hoc analysis,

a statistically significant association between probiotic use and the
risk of CDI was found among trials with a high baseline CDI risk (>5%).
However, the subgroup with a CDI risk of 3% to 5% was likely un-
derpowered. Typical US hospitals have a CDI risk below 5%.

Limitations
First, trials were combined across clinical settings (inpatient vs out-
patient), age, probiotic strains and dose, and risk of bias. Second,
trials were conducted in immunocompetent patients only, thus, gen-
eralizability to immunocompromised patients is unclear. Third, not
all trials were appropriately blinded, although excluding unblinded
studies did not substantially change the results.

Comparison of Findings With Current Practice Guidelines
Current guidelines from the American College of Gastroenterology,
the Association for Professionals in Infection Control and Epidemiol-
ogy, and the European Society of Clinical Microbiology and Infec-
tious Diseases do not specifically recommend probiotic prophylaxis
when antibiotics are prescribed, citing insufficient evidence.

Evidence Profile

No. of randomized clinical trials: 39 (31 providing data on CDI)

Study years: 1988-2012 (conducted), 1989-2016 (published)

Last search date: March 21, 2017

No. of patients: 9955

Male: 52%; Female: 48%

Race/ethnicity: Varied by country

Age, mean (range): 51 years (0-84 years)

Setting: Inpatient, outpatient, and combined inpatient and outpatient

Countries: Bulgaria, Canada, Chile, China, Finland, Germany, Italy,
Japan, the Netherlands, Norway, Poland, Russia, Sweden, Turkey,
United Kingdom, United States

Comparisons: Adults (33 trials) and children (6 trials) receiving
antibiotics randomized to single or multistrain probiotics vs placebo
or no treatment. Probiotic genera included Saccharomyces, Lactobacilli,
Bifidobacteria, and Streptococci.

Primary outcomes: CDI (diarrhea with positive stool toxin or
culture), adverse events

Secondary outcomes: C difficile detection (or toxin in stool
without diarrhea), antibiotic-associated diarrhea

CLINICAL QUESTION In adults and children prescribed antibiotics, is co-administration of
a probiotic associated with a lower risk of symptomatic Clostridium difficile infection
without an increase in adverse events?

BOTTOM LINE Moderate-quality evidence suggests that probiotics are associated with a
lower risk of C difficile infection and very low–quality evidence suggests that probiotics are
associated with fewer adverse events vs placebo or no treatment.
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Areas in Need of Future Study
Further research is needed to identify high-risk populations that
may benefit most from the addition of probiotics to antibiotic

treatment (eg, those known to be colonized with C difficile and those
with a history of CDI), and to explore the risk-to-benefit ratio in
those who are immunocompromised.4
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Figure. Association of Probiotics With Prevention of Clostridium difficile Infection in Patients Receiving Antibiotics
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14.312 1404 17 1406Allen, 2013 0.71 (0.34-1.47)
1.01 161 58Arvola, 1999 0.95 (0.06-14.85)
1.81 739 42Beausoleil, 2007 0.15 (0.02-1.19)

0 041 41Bravo, 2008 Not estimable 0
0.80 273 78Can, 2006 0.21 (0.01-4.37)

0 059 51Cindoruk, 2007 Not estimable 0
0.80 1185 161Duman, 2005 0.29 (0.01-7.08)
2.02 2246 231Ehrhardt, 2016 0.94 (0.13-6.61)

14.09 20171 84Gao, 2010 0.22 (0.11-0.46)
0 049 48Georgieva, 2015 Not estimable 0

1.00 956 53Hickson, 2007 0.05 (0-0.84)
4.83 10119 127Kotowska, 2005 0.32 (0.09-1.14)
0.81 076 80Lonnermark, 2010 3.16 (0.13-76.30)
3.63 480 79McFarland, 1995 0.74 (0.17-3.20)

Miller, 2008
5.44 795 94First study 0.57 (0.17-1.87)
0.82 0156 155Second study 4.97 (0.24-102.65)
7.16 8304 143Ouwehand, 2014 0.35 (0.12-1.00)

10.06 1778 78Pancheva, 2009 0.35 (0.15-0.85)
3.02 569 69Plummer, 2004 0.40 (0.08-1.99)
2.53 2106 98Pozzoni, 2012 1.39 (0.24-8.13)
1.61 4185 186Psaradellis, 2010 0.25 (0.03-2.23)
9.85 2245 55Rafiq, 2007 0.28 (0.11-0.67)
4.43 7120 120Ruszczynski, 2008 0.43 (0.11-1.62)
0.80 122 14Safdar, 2008 0.22 (0.01-4.99)

0 0111 106Selinger, 2013 Not estimable 0
1.81 8139 144Shan, 2013 0.13 (0.02-1.02)
3.93 5113 61Surawicz, 1989 0.32 (0.08-1.31)
2.52 3133 134Thomas, 2001 0.67 (0.11-3.96)
0.80 134 29Wenus, 2008 0.29 (0.01-6.76)
0.80 176 82Wong, 2014 0.36 (0.01-8.69)

0 080 40Fominykh, 2013 Not estimable 0

100.070 1644525 4147Overall 0.40 (0.30-0.52)

Heterogeneity χ     = 19.06 (P = .79); I2 = 0%

Test for overall effect: z = 6.54 (P <.001)
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The size of the data markers is proportional to the weight of the study in the meta-analysis. The diamond represents the pooled estimate and 95% CI.
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