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Background. Antibiotic-associated diarrhea (AAD) and Clostridium difficile-associated diarrhea (CDAD) are common compli-
cations of antibiotic use. Data on the efficacy of probiotics to prevent AAD and CDAD are unclear. We aimed to evaluate the efficacy
of Saccharomyces boulardii to prevent AAD and CDAD in hospitalized adult patients.

Methods. We conducted a multicenter, phase III, double-masked, randomized, placebo-controlled trial in hospitalized patients
who received systemic antibiotic treatment in 15 hospitals in Germany between July 2010 and October 2012. Participants received
Perenterol forte 250 mg capsules or matching placebo twice per day within 24 hours of initiating antibiotic treatment, continued
treatment for 7 days after antibiotic discontinuation, and were then observed for 6 weeks.

Results. Two thousand four hundred forty-four patients were screened. The trial was stopped early for futility after inclusion of
477 participants. Two hundred forty-six patients aged 60.1 ± 16.5 years and 231 patients aged 56.5 ± 17.8 were randomized to the S
boulardii group and the placebo group, respectively, with 21 and 19 AADs in the respective groups (P = .87). The hazard ratio of
AAD in the S boulardii group compared with the placebo group was 1.02 (95% confidence interval, .55–1.90; P = .94). Clostridium
difficile-associated diarrhea occurred in 0.8% of participants (4 of 477). Nine serious adverse events were recorded in the S boulardii
group, and 3 serious adverse events were recorded in the placebo group. None were related to study participation.

Conclusions. We found no evidence for an effect of S boulardii in preventing AAD or CDAD in a population of hospitalized
patients without particular risk factors apart from systemic antibiotic treatment.

ClinicalTrials.gov Identifier. NCT01143272.
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Antibiotic-associated diarrhea (AAD) refers to otherwise unex-
plained diarrhea that occurs in association with the administra-
tion of antibiotics. It has been reported to occur in up to one third
of patients receiving antibiotics [1–3]. The most severe form is
Clostridium difficile-associated diarrhea (CDAD). Consequences
of AAD and CDAD include increased morbidity [4, 5] and mor-
tality, extended hospital stays, an increased risk of developing

complications such as colitis or toxic megacolon, discontinuation
of the needed antibiotic, and higher healthcare cost.

Bacterial preparations and yeast are used widely for different
indications. Sales grow globally by approximately 7% per year
and are predicted to be $48 billion by 2017 [6]. Prevention of
AAD is a common indication. Based on the hypothesized dys-
biosis of the gut microbiome due to antibiotics [1], coadminis-
tering yeast or bacterial preparations for preventive purposes
may help re-establishing the disrupted intestinal microflora, en-
hancing immune responses, lowering colonic pH favoring the
growth of nonpathogenic bacteria, and clearing pathogens and
their toxins from the host [7, 8]. The nonpathogenic, live yeast
Saccharomyces cerevisiae var boulardii (S boulardii) has been fa-
vorably discussed because it has an excellent safety profile and is
not subject to the effects of concurrently administered antibiot-
ics. However, some cases of generalized fungal infections occur-
ring under unfavorable circumstances have been described [9].
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Despite some evidence suggesting that S boulardii may reduce
the relative risk of AAD by approximately 60% [10, 11], the qual-
ity of the data is still weak. Heterogeneity, high risk of bias, and
small sample sizes limit the interpretation of findings. Because of
the increasing clinical importance of AAD and CDAD [12, 13]
and encouraging yet inconclusive data, we tested the efficacy of
Perenterol forte 250 mg capsules in addition to any antibiotic
treatment for reducing the hazard of AAD in hospitalized pa-
tients in Germany. To address a broad patient group, we did
not restrict the sample to a specific at-risk group such as the el-
derly. Because the effects of yeast and microbial preparations may
be strain-specific [14], we did not administer a mix of strains.

METHODS

Study Overview and Ethics
Between June 2010 and October 2012, we conducted a multi-
center, double-masked, randomized, placebo-controlled trial
in hospitalized patients who received systemic antibiotic treat-
ment. Seventeen academic hospitals across Germany participat-
ed in the trial, and 15 hospitals recruited 477 patients, whereas 2
hospitals recruited none. The trial was approved by the Ethics
Committee of the Chamber of Physicians of Hamburg (refer-
ence: PVN 3440 on April 19, 2010) and the ethics committees
of the participating clinical centers. The trial was conducted ac-
cording to the Declaration of Helsinki.

Study Population
Inclusion and exclusion criteria are reported in Table 1. Any el-
igible patient was informed in writing about the trial procedures,
goals, and potential risks. If the patient was willing to participate
in the trial, he/she signed the informed consent form.

Randomization, Concealment, and Masking
A blocked randomization stratified by center with an allocation
ratio of 1:1 was performed using a computer-assisted method.
The allocation sequence was generated by an independent
statistician and concealed from any participant or member of
the study team until the databases were locked. Allocation con-
cealment was achieved by an internet-based central treatment
allocation. For emergency purposes, a sealed, opaque envelope
in each center contained allocation information for each partic-
ipant in that center. Participants, study staff, and data analysts
were masked to treatment assignment.

Antibiotic Treatment
The basic treatment in both trial arms was systemic antibiotics
according to the predetermined treatment approach. The anti-
biotics were from the groups outlined in panel (See Supplemen-
tary Data). The treatment could include more than 1 antibiotic.

Trial Intervention
The trial medication was Perenterol forte 250 mg capsules (con-
taining at least 1.8 × 1010 live cells/g lyophilisate) or a matching
placebo administrated orally twice per day. In treatment phase I
(Figure 1), which was of variable duration, the trial medication
was given simultaneously with any systemic antibiotic. The trial
medication was started immediately after the first-time admin-
istration of an antibiotic. The mean time until start of the study
medication was half a day (range, 0–2 days; standard devia-
tion = .5 days). When the antibiotic treatment was discontin-
ued, the participant started treatment phase II and took the
trial medication for 7 more days. However, the maximum treat-
ment duration was 8 weeks. When, during treatment phase II, a
new antibiotic was prescribed, the participant returned to treat-
ment phase I. This happened in 44 participants, 23 (9.4%) in the
S boulardii group and 21 (9.1%) in the placebo group. After
treatment phase II, the participant was observed for 6 weeks.
Drug accountability was done by counting capsules that were
returned to the data coordinating center. The consistency of
each bowel movement as well as the stool frequency was record-
ed by the participant herself/himself in the participant’s diary.
Outcome data were collected by weekly telephone interviews
and review of the diary, the prespecified source document.

Study Outcomes
Previous trials suffered from inconsistent definitions for diar-
rhea. Therefore, we prespecified 3 definitions. The World
Health Organization (WHO) defines diarrhea as the passage
of 3 or more loose or liquid stools (mostly in larger amounts)
within 24 hours (http://www.who.int/topics/diarrhoea/en/).
Our main definition was more stringent. Participants had to ful-
fill the above definition for at least 2 days (“modified WHO def-
inition”). Our third definition was the WHO definition lasting
at least 5 days (“severe diarrhea definition”). Only 1 participant
fulfilled this definition. Antibiotic-associated diarrhea was
defined as diarrhea with onset not before the third day of

Table 1. Inclusion and exclusion criteria for the SacBo trial

Inclusion criteria:

• adult patient (≥18 years old) hospitalized in the trial center
• systemic antibiotic treatment
• legally competent
• able to follow the trial procedures
• signed informed consent

Exclusion criteria:

• hypersensitivity to yeast and/or Perenterol® forte and/or placebo and/
or its ingredients: Saccharomyces cerevisiae HANSEN CBS 5926
(boulardii), lactose-monohydrate, magnesium stearate, gelatin,
sodium dodecyl sulfate, titanium dioxide, microcrystalline cellulose

• central venous catheter (currently or likely during the course of the trial)
• immunosuppression, particularly: known malignant tumor or current

cytostatic chemotherapy or chemotherapy planned during the
antibiotic intake or cytostatic chemotherapy within the last 4 weeks;
radiation therapy in the past 4 weeks, current or planned during the
course of the antibiotic treatment; systemic immunosuppressive
treatment (i.e. after organ transplant or with rheumatic disorder) –
topical or inhaled steroids were permitted; known HIV infection

• current and/or chronic diarrhea
• regular intake of products containing Sac. boulardii in the 7 days before

inclusion into the trial
• systemic antimycotic treatment
• systemic antibiotic treatment in the past 6 weeks
• no birth control for the duration of the trial for women of reproductive

age (failure proportion <1%/year), pregnancy, or breastfeeding
• simultaneous participation in other clinical trials

2 • OFID • Ehrhardt et al

http://ofid.oxfordjournals.org/lookup/suppl/doi:10.1093/ofid/ofw011/-/DC1
http://ofid.oxfordjournals.org/lookup/suppl/doi:10.1093/ofid/ofw011/-/DC1
http://www.who.int/topics/diarrhoea/en/
http://www.who.int/topics/diarrhoea/en/


antibiotic treatment. Clostridium difficile-associated diarrhea
was defined as AAD plus detection of C difficile toxin A and/
or B in the stool, or of toxin producing C difficile in the stool
using polymerase chain reaction, or of typical membranes in co-
lonoscopy or sigmoidoscopy.

The primary outcome was the risk of AAD expressed as haz-
ard ratios. Secondary outcomes were as follows: risk of CDAD;
risk of AAD without signs of CDAD; risk of CDAD among all
AAD patients; association of AAD with increased initial leuko-
cyte count and C-reactive protein (CRP); association of CDAD
with increased initial leukocyte count and CRP; incidence den-
sity of AAD or CDAD; average duration of AAD or CDAD;
average stool frequency in patients with AAD or CDAD; hazard
of a discontinuation or change of the initially administered
antibiotic, respectively.

Statistical Analysis
A 15% incidence of AAD was assumed for the placebo group
while on antibiotic treatment. 686 patients would be needed in
each group for 80% power to detect 5% difference in the cumula-
tive incidence of AAD between treatment groups. We planned to
include 1520 patients to account for losses to follow-up.

Due to slow recruitment and unexpectedly few events, an
unplanned, masked interim analysis according to the Müller
and Schäfer [15] procedure was carried out as suggested by
the principal investigator (S. E.) jointly with the Data Safety
and Monitoring Board. The conditional power was estimated
based on a simulation of the conditional rejection error proba-
bility, assuming consistent recruitment of 300 additional partic-
ipants and treatment effect. We prespecified that the study
would only continue if the conditional power was at least
70%. When the conditional power was estimated to be approx-
imately 10.5% in October 2012, the trial was stopped for futility
after recruitment had been paused since September 2012. This
analysis is based on data of 477 participants who were recruited
and observed until trial termination.

Data were analyzed for each of the 3 diarrhea definitions
and according to the intention-to-treat principle (ITT). The
ITT population included all participants as randomized. Per-
protocol (PP) analyses were performed as part of extensive sen-
sitivity analyses (Supplementary Appendix). The PP population

excluded participants with missing data and those who deviated
from the protocol or were erroneously included. Safety param-
eters were evaluated “as-treated”, including all participants who
have received at least 1 dose of trial medication.

Survival analysis was done to estimate the efficacy of
S boulardii to reduce the hazard of AAD (primary endpoint)
using all available data. A recurrent event Cox proportional haz-
ards model (Prentice, Williams, and Peterson model) [16] was
constructed to evaluate the overall hazard ratio (HR) of AAD
comparing both groups. Participants were censored if they did
not have AAD by the end of the observation period or were lost
to follow-up. Log rank test was used to compare the number of
AADs in the S boulardii and the placebo group. Finally, we cal-
culated a covariate adjusted Cox regression model adjusting for
center, age, sex, duration of antibiotic treatment, and readminis-
tration of antibiotics after completion of treatment phase I. All
analyses using the WHO definition are presented in the Supple-
mentary Appendix.

For secondary endpoints, a Cox proportional hazard model
was used to evaluate the HR of CDAD; participants having
AAD without signs of CDAD; participants having CDAD
among all AAD patients; and discontinuation or change of
the initial antibiotic comparing the 2 groups. The associations
between AAD and leukocyte count and CRP were assessed in
the Cox regression model.

The protocol prespecified that the primary and secondary
endpoints be analyzed using a Cochran-Mantel-Haenszel χ2

test. Because approximately half of the study participants had
some missing observations, the prespecified statistical approach
would have resulted in an inefficient analysis of only partici-
pants with complete data. We present these results in the Sup-
plementary Appendix. In short, the results of both analytic
techniques are similar. Inverse probability weighting did not
suggest selection bias by differential losses to follow-up. The
trial is registered: ClinicalTrials.gov identifier: NCT01143272.

RESULTS

Two thousand four hundred forty-four patients were screened,
and 1967 were ineligible or unwilling to participate (Figure 2).
Two hundred forty-six and 231 patients were randomized to the

Figure 1. Study flow. Abbreviation: Sac., Saccharomyces.
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active treatment and placebo groups, respectively. Three study
participants (1 in the placebo and 2 in the S boulardii group)
erroneously received the wrong medication. This was corrected
within 2 days. One hundred eighty-five participants (100 in the
S boulardii group and 85 in the placebo group) did not docu-
ment their daily stools completely throughout the observation
period. The data of all 477 patients were used for the ITT anal-
ysis, whereas 292 patients (61%) with complete observations
were included in the PP analysis.

The baseline characteristics of study participants were
comparable between groups in the ITT and PP populations
(Table 2 and Supplementary Appendix Table 1). Table 3 shows
antibiotic treatment by class and treatment assignment.

Primary Endpoint
Forty cases of AAD occurred in 425 study participants, and the
total time at risk was 19 165 days. Twenty-one and 19 AADs hap-
pened in the S boulardii group and the placebo group, respective-
ly (P = .87). The mean number of episodes of AADs is shown in
Table 4. The HR of AAD in the S boulardii group compared with
the placebo group was 1.02 (95% CI, .55–1.90; P = .94). None of
the prespecified factors (center, age, sex, duration of antibiotic
treatment, and readministration of antibiotics after completion
of treatment phase I) were associated with risk of AAD.

Secondary Endpoints
Overall, 4 cases (0.8%) of CDAD were observed: two occurred
in the S boulardii group and 2 in the placebo group. Due to the

Figure 2. Enrollment, randomization, and follow-up. Abbreviations: Sac., Saccharomyces.
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small number of CDAD cases, the planned analyses were not
performed. Thirty-six cases of AAD without signs of CDAD oc-
curred in 421 participants, and the total time at risk was 18 483
days. The HR of AAD without signs of CDAD in the S boulardii
group compared with the placebo group was 0.92 (95% CI, .49–
1.73; P = .80). In a multivariate Cox model adjusting for age, sex,
CRP, leukocyte count, duration of antibiotic treatment, and ad-
ministration of antibiotics, the HR of AAD without signs of
CDAD in the S boulardii group compared with the placebo
group was 1.03 (95% CI, .53–2.03; P = .93). Of AAD cases per
year, 0.78 and 0.64 were observed in the S boulardii group and
the placebo group, respectively (P = .33). The mean duration of
an AAD was 4.48 days in the S boulardii group and 4.26 days in
the placebo group (P = .79). The mean frequency of loose or liq-
uid stools per day of AAD was slightly higher in the S boulardii

group compared with the placebo group (4.48 vs 4.07, respec-
tively; P = .18). The mean time to onset of AAD was 18.4
days in the S boulardii group and 18.9 days in the placebo
group (P = .87). Fourteen participants in the S boulardii group
and 7 in the placebo group changed initial antibiotics (6.4% vs
3.4%, P = .15). Antibiotic treatment had to be stopped in 2 par-
ticipants in the S boulardii group and in 1 participant in the pla-
cebo group due to an AAD or CDAD (P = .67). Given these small
numbers, we did not conduct further analyses.

Adverse Events
Ten participants did not take any study drug and were therefore
excluded from the safety analysis. Eighteen of 245 (7.3%) partic-
ipants in the S boulardii group and 12 of 222 (5.4%) participants
in placebo group had at least 1 adverse event (AE) (P = .39).
Overall, we recorded 36 AEs (24 in the S boulardii and 12 in
the placebo group). Three and 5 AEs in the S boulardii and pla-
cebo group, respectively, were suspected to be causally related to
the trial drug. The 3 AEs in the S boulardii group were as follows:
1 abdominal cramps, 1 flatulence, and 1 nausea, vomiting,
and decreased appetite. The 5 AEs in the placebo group were
as follows: 1 abdominal pain, 2 cases of nausea, 1 increased tem-
perature, and 1 allergic exanthema. Nine serious AEs (SAEs)
happened in the S boulardii group: 3 gastrointestinal disorders,
1 cardiac death, 1 cholecystitis, 2 cases of bacterial sepsis, 1 pul-
monary empyema, and 1 renal failure. Three SAEs happened in
the placebo group: 1 decompensated liver cirrhosis, 1 bronchial
carcinoma, and 1 renal failure. None of the SAEs were related
to the study drug.

DISCUSSION

Hospitalized patients exposed to antibiotics are at risk of AAD.
However, estimates about the incidence vary widely [10]. Anti-
biotic-associated diarrhea, although mostly mild and transient,
is responsible for increased morbidity, mortality, and healthcare
costs. Several strategies have been put forward to prevent AAD
and CDAD in healthcare settings, among which the coadmin-
istration of yeast or microbial preparations (“probiotics”) is
thought to be promising.

We found no statistical difference between the risk of AAD in
the S boulardii and the placebo group. The S boulardii group
had a slightly higher but not statistically significant incidence
density of AAD, longer duration of AAD, and higher frequency
of loose stools during a diarrhea episode than the placebo
group. The findings were robust in the PP as well as several sen-
sitivity analyses (Supplementary Appendix). Age, sex, adminis-
tration of additional antibiotics, duration of the antibiotic
treatment, leukocyte count, and CRP levels were not associated
with AAD risk. In this study, CDAD was rare.

The incidence of AAD and CDAD in our study was lower
than suggested previously [17–19] but in line with the recently
published large PLACIDE trial [20]. We calculated the number

Table 2. Baseline Characteristics of the Study Participants According to
Treatment Assignment

Characteristic
Total

(n = 477)

Saccharomyces
boulardii Group

(n = 246)

Placebo
Group

(n = 231)

Age, years 58.4 ± 17.2 60.1 ± 16.5 56.5 ± 17.8

Male sex, no. (%) 269 (56.4) 140 (56.9) 129 (55.8)

Body height, cm
(mean ± SD)

171.7 ± 9.7 171.8 ± 9.4 171.7 ± 10.0

Body weight, kg
(mean ± SD)

83.0 ± 17.5 83.1 ± 17.0 83.0 ± 18.1

Body mass index
(mean ± SD)

28.1 ± 5.4 28.1 ± 5.2 28.1 ± 5.6

CRP (mg/L, mean ± SD) 71.6 ± 93.9 71.0 ± 89.3 72.2 ± 98.9

Leukocyte count (109/L,
mean ± SD)

10.8 ± 5.7 10.3 ± 4.6 11.4 ± 6.7

Time under observation,
days (mean ± SD)

44.0 ± 22.4 44.1 ± 22.5 44.0 ± 22.3

Duration of antibiotic
treatment, days
(mean ± SD)

7.6 ± 6.5 7.9 ± 7.8 7.2 ± 4.9

Abbreviations: CRP, C-reactive protein; SD, standard deviation.

Table 3. Antibiotic Therapy by Class and Treatment Group

Antibiotic Class

Saccharomyces
boulardii Group

(n = 246)

Placebo
Group

(n = 231)

β-lactam antibiotics 201 (81.7%) 181 (78.4%)

Tetracycline 0 1 (0.4%)

Aminoglycosides 1 (0.4%) 0

Macrolides 52 (21.4%) 55 (23.8%)

Lincosamides 4 (1.6%) 3 (1.3%)

Gyrase inhibitors 40 (16.3%) 41 (17.8%)

Sulfonamide/trimethoprim 3 (1.2%) 2 (0.9%)

Glycopeptide antibiotics 0 0

Polypeptide antibiotics 0 0

Nitroimidazole derivatives 38 (15.5%) 30 (13.0%)

Combination antibiotic therapy

1 class only 153 (62.2%) 149 (64.5%)

2 classes 93 (37.8%) 82 (35.5%)
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of episodes based on patient-reported stool frequency and con-
sistency instead of asking directly about diarrhea, a concept
with substantial interperson variability. Another reason for
this low incidence may be that our study population was rela-
tively young. We did not target a specific at-risk population. We
may also have missed AAD and CDAD cases due to attrition,
despite all our efforts to stay in touch with participants.

Some previous studies and systematic reviews indicated the ef-
ficacy of yeast or microbial preparations to prevent AAD or
CDAD, reduce the duration of diarrhea, or reduce stool frequency
during a diarrhea episode [3, 11, 21, 22]. However, studies varied
greatly regarding study population (age, disease severity), type of
probiotic, and duration of treatment, probiotic dose, the defini-
tion of the outcome, and follow-up duration. The large PLACIDE
trial did not find a lower frequency of AAD or CDAD in elderly
inpatients after the administration of Lactobacilli and Bifidobacte-
ria [20]. However, caution is needed when extrapolating data
from bacterial preparations to yeast or of one strain to another
because effects may be strain-specific [23].Two systematic reviews
suggested a specific beneficial effect of S boulardii [24, 25]. Yet,
the trials included in the systematic reviews were of substantial
heterogeneity, and some had a high risk of bias. Some random-
ized controlled trials (RCTs) failed to find a beneficial effect of the
yeast. Pozzoni et al [17] conducted a trial in 275 older inpatients
in Italy and found the administration of S boulardii ineffective for
reducing AAD and CDAD. We believe that the mechanism of
action of “probiotic substances” needs to be understood much
better before conducting further expensive RCTs.

This trial was stopped early for futility. Among the 2444 pa-
tients that we screened, 1967 (80.5%) were ineligible or not will-
ing to participate. The most common reasons for ineligibility
were immunosuppression, inability to follow study procedures,
current or chronic diarrhea, and systemic antibiotic treatment
in the past 6 weeks. It is clear that recruiting in large University
Hospitals with a high proportion of very sick patients was a
prime reason for the recruitment difficulties. Moreover, the pa-
tients who were eligible may have been relatively healthy result-
ing in few events. These practical difficulties need to be
considered when designing trials in future.

This is the largest RCT to investigate the efficacy of S boular-
dii for the prevention of AAD. Nevertheless, this study has lim-
itations. First, 1967 of 2444 screened patients were ineligible for

participation. This may limit the external validity of the trial.
Yet, approximately one third of these noninclusions were due
to contraindications listed by the manufacturer. Others were
due to ethical or operational constraints. Only 15% of screened
patients declined to participate. Second, a large proportion of
participants did not completely document stool frequencies
and were thus excluded from the prespecified analysis (Supple-
mentary Appendix). However, the survival analysis reported
here used all available data, and multiple sensitivity analyses
as well as the prespecified analysis showed consistent, robust re-
sults (Supplementary Appendix). In short, we compared the
characteristics of participants who had complete data and
those who had not, and there were no significant differences
between the 2 groups except for CRP levels. We did several sen-
sitivity analyses imputing different, extreme scenarios. We im-
puted all patients with missing data as (1) having the primary
outcome (AAD) and (2) not having the primary outcome. We
also performed inverse probability weighting to assess the im-
pact of missing data. All sensitivity analyses revealed consistent
results and did not suggest an effect of S boulardii (Supplemen-
tary Appendix). We performed all analyses using the modified
WHO definition as well as the WHO definition of diarrhea as
outcome, and we did not find a difference between both groups.
Third, we did not record previous hospital admission and pre-
vious gastrointestinal surgery, which may be risk factors for AAD
[2]. However, randomization should distribute measured and un-
measured confounders evenly between the 2 groups. In addition,
this is one of the few studies that rigorously administered S bou-
lardii while taking antibiotics and 1 week thereafter and then ob-
served participants over 6 weeks. This tedious regimen may have
contributed to the relatively high proportion of participants with
some missing data. Finally, we may have missed treatment effects
due to a type-2 error. We reached only one third of the projected
sample size with respective consequences for the power of the
trial. However, based on our observed incidence of AAD in the
2 groups, if we had reached the targeted sample size, we still
would not have found a difference between the groups.

CONCLUSIONS

In conclusion, we found no evidence for the efficacy of the tested
S boulardii regimen to prevent AAD in a population of hospital-
ized patients who received systemic antibiotic treatment.

Table 4. Number of Study Participants With 0, 1, or 2 Episodes of Antibiotic-Associated Diarrhea

Number of
Episodes
of AAD

ITT Population PP Population

S boulardii Group (n = 246) Placebo Group (n = 231) P Value S boulardii Group (n = 146) Placebo Group (n = 146) P Value

0 225 (91.5%) 214 (92.6%) .25 130 (91.1%) 133 (89.0%) .26

1 21 (8.5%) 15 (6.5%) 16 (11.0%) 11 (7.5%)

2 0 2 (0.9%) 0 2 (1.4%)

Abbreviations: AAD, antibiotic-associated diarrhea; ITT, intention-to-treat; PP, per-protocol.
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Supplementary Data
Supplementary material is available online at Open Forum Infectious
Diseases online (http://OpenForumInfectiousDiseases.oxfordjournals.org/).
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