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ARTICLE INFO SUMMARY

Article history: Background: The efficacy of probiotics for the prevention of Clostridium difficile infection (CDI) is highly
Received 27 March 2012 controversial, particularly with regard to the prevention of recurrent CDI, We hypothesize that primary
Received in revised form 13 june 2012 prevention of CDI among patients receiving anfibiotics might be a more achievable goal for probiotics
Accepted 21 June 2012 than prevention in patients with previous CDI where the host flora is markedly altered.
Corresponding Editor: Andy Hoepelman, Methods: We conducted a literature search for randomized, placebo-controlled efficacy studies of
Utrecht, the Netherlands probiotic use among adults receiving antibiotics, in which CDI was one of the outcomes measured. In
addition, we conducted meta-analyses of probiotics that were included in more than one randomized
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Clostridium difficile Results: Eleven studies were identified; most were seriously underpowered to determine the efficacy of
[?olbiotics ’ probiotics in the prevention of CDIL Two showed significantly lower rates of CDI among the probiotic
Prevention recipients. A meta-analysis of three studies that used the probiotic combination Lactobacillus acidophilus
CL1285 and Lactobacillus casei LBC8OR and a combined analysis of those studies with four studies that

Antibjotic-associated diarrhea ,, A o o A
used Saccharomyces boulardii, showed lower CDI rates in recipients of probiotics compared with

recipients of placebo (risk ratio = 0.39; 95% confidence interval 0.19-0.79).
Conclusions: While potential flaws in study design were identified, a review of the available literature
suggests that the primary prevention of CDI with specific probiotic agents may be achievable. Additional
studies of sufficient size and with rigorous design are needed to confirm these findings.
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proposed whereby specific probiotics affect the microbiota and
interfere with C. difficile.? ,

Most studies of CDI prevention have focused on secondary
prevention (i.e., prevention of CDI recurrence), mainly because the
risk for CDI is sufficiently high in patients with a recent CDl episode
that the effect of intervention is easier to demonstrate; 20~-30%
after the first episode and ~50% after the second episode.’ The rate
of primary episode CDI among antibiotic recipients varies with
different antibiotics and populations studied, but is much lower
than the rate of recurrent CD! and usually is much less than 10%.*
Therefore; a larger study population is needed to demonstrate
efficacy in primary CDI prevention,

The efficacy of probiotics in the prevention of CDI has been

* Corresponding author, hotly debated,>® but many studies and meta-analyses have

E-mail address: stuart.johnson2@va.gov (S. Johnson). combined primary and secondary CDI prevention data, which

1. Introduction

Antibiotics are the major risk factor for a primary episode of
Clostridium difficile infection (CDI), as well as an important factor
for recurrent CDI. The risk associated with antibiotics primarily
relates to disruption of the protective host colonic microbiota, but
may also involve selection for C difficile strains resistant to the
inciting agent.! Adjunctive therapy with probiotics has been used
widely for patients with CDI, with and without the guidance of
physicians. The goal of probiotic therapy is to mitigate the effects of
microbiota disruption, and different mechanisms have been
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among hospitalized patients taking antibiotics.*! This study was
widely criticized for questionable choice and blinding of the
placebo drink and the numerous exclusions in the protocol,
including high risk antibiotics, making it difficult to understand
how these results, if repeatable, would be generalizable.*”4® The
results, however, were subsequently repeated in a randomized
study using another Lactobacillus preparation, L. casei and L.
acidophilus (Bio-K+ CL1285), that did not exclude high risk
antibiotics.'® While there are questions about the design and
execution of this study as well, there are reasons to hypothesize
that probiotics might be more efficacious in primary CDI
prevention than in secondary prevention. We hypothesize
that the efficacy of probiotics for the prevention of CDI relates
to the extent of disruption of the protective host colonic
microbiota.

Appreciation of the extent and diversity of the human colonic
microbiota has been enhanced with the development of culture-
independent techniques based on amplification of 16s rRNA.*?
Antibiotics have a profound effect on the richness, evenness, and
diversity of the microbiota, even in the absence of overt
gastrointestinal symptoms.®® Chang et al. used similar techni-
ques to study the microbiota of patients with initial CDI
episodes and recurrent CDI episodes compared to controls
without CDI infection.®! The striking finding in that study was
the marked redistribution of major bacterial phyla and much
lower diversity of the biota among the patients with recurrent
CDL In contrast, the microbiota in patients with an initial CDI
episode was more similar to that of the controls than that of the
recurrent CDI patients. it is possible that the opportunity for a
probiotic effect is greatest at the time of initial exposure to C.
difficile following antibiotic disruption of the flora but before the
more pervasive disruption following established infection with
C. difficile.

Even though the majority of the randomized probiotic studies
of primary prevention for CDI did not show statistically significant
differences and were seriously underpowered for this cutcome
evaluation, the trend was towards protection in nine of the 11
studies. Our meta-analysis provided the opportunity to better
understand these trends for the two best-studied probiotic
formulations (L. acidophilus + L. casei and S. boulardii). Our findings
indicate a consistent and significant effect for the L. acidophilus + L.
casef formulation and a trend towards a beneficial effect for S,
boulardii preparations; the combined overall effect showed
significant protection from CDI (Figure 1).

The recent reports of primary prophylaxis attempts using the
Lactobacillus preparation Bio-K+ CL1285%7!® are particularly
encouraging. The 9-month study conducted in one Montreal
area hospital during the 2003-2004 BI/NAP1/027 CDI epidemic
came close to showing effectiveness of this product for CDI
prevention.® Furthermore, the analysis of the three L. acidophilus
+ L. casei studies and the overall combined meta-analysis of the
L. acidophilus + L. casei and S. boulardii studies showed significant
protection against CDI among antibiotic recipients who took
probiotics during their time at risk. While the extraordinary rate
of CDI among the placebo recipients in the two studies showing
efficacy’®4! is still incompletely explained, the possibility of

primary CDI prevention using specific probiotics is intriguing

and worthy of further study.. ]
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