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The incidence of Clostridium difficile infection (CDI) has increased in the past decade, 

despite intensified efforts at prevention including infection control and antimicrobial 

stewardship.1 This has led to the exploration of additional means to reduce the incidence of 

primary CDI, including vaccines,2 fecal microbiota transplantation (FMT),3 isolation of 

colonized patients,4 and probiotics. Probiotics are an attractive option since they are widely 

available, inexpensive, and administered easily.

The recent publication of the negative results of the PLACIDE trial,5 a large randomized 

controlled trial (RCT) examining the role of probiotics in CDI prevention, had cooled 

interest in probiotics for this indication. This study also followed the lack of a 

recommendation for the use of probiotics for routine prophylaxis in the most recently 

published CDI guidelines.6 Prior to the PLACIDE trial, earlier systematic reviews and meta-

analyses have suggested probiotic use during antibiotic exposure can reduce incident 

CDI.7–9 Furthermore, a real-world implementation study at a single center also suggested a 

benefit exists to CDI prophylaxis with probiotics.10 Prior reviews may have been 

compromised by methodological inconsistencies, and they did not focus on hospitalized 

patients taking antibiotics, a population at high risk of CDI. Additionally, the PLACIDE trial 

had a low overall risk of CDI (0.8–1.2%), suggesting that there was insufficient power to 

detect an effect and/or that the results do not generalize to a higher incidence setting.

The recent systematic review and meta-analysis by Shen et al.11 focuses on RCTs evaluating 

probiotics for the prevention of CDI in hospitalized patients taking antibiotics. This study 

was rigorously conducted according to PRISMA guidelines. The authors included 19 trials 

with 6261 patients (3277 on probiotics and 2984 controls), including the PLACIDE trial. 

There was no evidence of publication bias and the heterogeneity was low. Despite this, the 

authors still made the conservative decision to use a lower power mixed model with random 

effects for the meta-analysis. The relative risk (RR) of the primary outcome of incident CDI 
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in patients who received a probiotic was 0.42, with a number needed to treat (NNT) of only 

43, given the baseline incidence of 4% in the control groups. One major issue not previously 

addressed by prior analyses was the missing outcome data in ten of the 19 trials. However, 

even when the authors conservatively assumed a five-fold higher incidence of CDI in the 

missing data compared to the non-missing data, the RR of incident CDI while on probiotics 

only rises to 0.6 (NNT 63 if control group incidence remains at 4%). As a comparison, a 

commonly advocated practice of heparin for prophylaxis of venous thromboembolism in 

hospitalized patients has a NNT of 250.12 Overall, the methodology in this study was sound 

and the analysis decisions made were conservative, including the use of a random effects 

model and the attention to missing data.

The only subgroup analysis that was significant was the timing of probiotic initiation in 

relation to the start of antibiotics. Each day of delay in initiation of probiotics resulted in an 

18% increase in the log odds of incident CDI. This finding is interesting in that the 

PLACIDE trial was an outlier, allowing probiotics to be administered as late as seven days 

following antibiotics. Nevertheless, the association with timing of probiotics and incident 

CDI persisted when this trial was excluded in a sensitivity analysis. This suggests that future 

trials testing probiotics to prevent CDI should be designed to start probiotic administration 

soon after the initiation of antibiotics.

How is a clinician to interpret the results of the Shen et al. study? While we still do not 

believe we can wholeheartedly recommend probiotics for prevention of CDI, this study 

suggests that the case is far from closed: further trials would be helpful and should be 

conducted. One omission of the current analysis that could be explored is the effect of 

specific antibiotic classes on CDI risk in the setting probiotic use, since certain antibiotics 

confer significantly higher risk of CDI.13, 14 Additionally, not all of the included trials 

excluded patients on yogurt and recent data suggest that kefir is a potentially useful agent for 

treatment of recurrent CDI.15 Finally, we are still left with questions about what probiotic 

species and formulations are most effective. We do not know whether single agent probiotics 

are the best option vs. probiotic communities or even FMT. As this was a meta-analysis, a 

variety of different agents were used in the 19 trials included in the study.

Many of the excluded patients in the trials were immunocompromised, were in an intensive 

care unit (ICU), or had inflammatory bowel disease. These patients are among those at the 

highest risk of incident CDI; the efficacy of probiotics in these important populations is still 

undetermined. Safety remains a concern, especially among the aforementioned excluded 

patients. A prior trial of probiotic use following acute pancreatitis in an ICU population 

actually measured increased mortality in the probiotic group.16 Other reported complications 

include septicemia17 and infective endocarditis,18 warranting caution in patients with central 

venous catheters and immune compromise. The utility and safety of probiotics in these 

populations is unknown without further studies specifically targeting these patients.

In conclusion, the study by Shen et al. is rigorous in its execution and conservative in its 

analysis and interpretation of the data, while still measuring a net beneficial effect in the use 

of probiotics for prevention of CDI in hospitalized patients on antibiotics. Despite this, the 

generalizability to the excluded populations, the safety / efficacy in those populations, how 
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the differential CDI risk of certain antibiotic classes modulates any protective effect, and 

whether probiotic communities offer greater benefit remain open areas for investigation that 

limit broad recommendations for clinical practice. In addition to addressing these issues, 

future RCTs should aim to initiate probiotics early after antibiotics are started and should 

also consider whether a cohort selection strategy that accounts for non-antibiotic 

contributors to CDI risk, such as baseline colonization status,19 would be more effective. 

Such knowledge could lead to probiotics being incorporated as part of a larger CDI 

prevention bundle and finally buck this decade-long trend in CDI incidence.
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