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IMPORTANCE The effect of rationally defined nonpathogenic, nontoxigenic, commensal
strains of Clostridia on prevention of Clostridioides difficile infection (CDI) is unknown.

OBJECTIVE To determine the efficacy of VE303, a defined bacterial consortium of 8 strains of
commensal Clostridia, in adults at high risk for CDI recurrence. The primary objective was to
determine the recommended VE303 dosing for a phase 3 trial.

DESIGN, SETTING, AND PARTICIPANTS Phase 2, randomized, double-blind, placebo-controlled,
dose-ranging study conducted from February 2019 to September 2021 at 27 sites in the US
and Canada. The study included 79 participants aged 18 years or older who were diagnosed
with laboratory-confirmed CDI with 1 or more prior CDI episodes in the last 6 months and
those with primary CDI at high risk for recurrence (defined as aged �75 years or �65 years
with �1 risk factors: creatinine clearance <60 mL/min/1.73 m2, proton pump inhibitor use,
remote [>6 months earlier] CDI history).

INTERVENTIONS Participants were randomly assigned to high-dose VE303 (8.0 × 109

colony-forming units [CFUs]) (n = 30), low-dose VE303 (1.6 × 109 CFUs) (n = 27), or placebo
capsules (n = 22) orally once daily for 14 days.

MAIN OUTCOMES AND MEASURES The primary efficacy end point was the proportion of
participants with CDI recurrence at 8 weeks using a combined clinical and laboratory
definition. The primary efficacy end point was analyzed in 3 prespecified analyses, using
successively broader definitions for an on-study CDI recurrence: (1) diarrhea consistent with
CDI plus a toxin-positive stool sample; (2) diarrhea consistent with CDI plus a toxin-positive,
polymerase chain reaction–positive, or toxigenic culture–positive stool sample; and (3)
diarrhea consistent with CDI plus laboratory confirmation or (in the absence of a stool
sample) treatment with a CDI-targeted antibiotic.

RESULTS Baseline characteristics were similar across the high-dose VE303 (n = 30; 1
participant excluded from efficacy analysis), low-dose VE303 (n = 27), and placebo (n = 22)
groups. The participants’ median age was 63.5 years (range, 24-96); 70.5% were female; and
1.3% were Asian, 1.3% Black, 2.6% Hispanic, and 96.2% White. CDI recurrence rates through
week 8 (using the efficacy analysis 3 definitions) were 13.8% (4/29) for high-dose VE303,
37.0% (10/27) for low-dose VE303, and 45.5% (10/22) for placebo (P = .006, high-dose
VE303 vs placebo).

CONCLUSIONS AND RELEVANCE Among adults with laboratory-confirmed CDI with 1 or more
prior CDI episodes in the last 6 months and those with primary CDI at high risk for recurrence,
high-dose VE303 prevented recurrent CDI compared with placebo. A larger, phase 3 study is
needed to confirm these findings.
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C lostridioides difficile infection (CDI) is the most com-
mon health care–associated infection in the US, with ap-
proximately 450 000 infections annually,1 associated

with direct mortality of 5% and all-cause mortality of 15% to
20%.2,3 Antibiotics used to treat CDI also target resident com-
mensal gut bacteria (or microbiota). This disruption of the mi-
crobiota constitutes a major risk factor for CDI recurrences by
creating a favorable environment for C difficile growth and toxin
production and altering the gut metabolite pool.4 Although
most initial CDI episodes will respond to antibiotic treat-
ment, up to 25% of patients will experience a first recurrence,
and the risk for a subsequent recurrence can exceed 60%.5

Clinical treatment guidelines support the use of fecal mi-
crobiota transplants for patients with multiple CDI
recurrences.6-8 However, there are logistical and safety con-
cerns associated with fecal microbiota transplants and other
donor-derived products, such as donor variability and qual-
ity and the risk of transmission of pathogenic and/or antibiotic-
resistant microbes.9,10 Alternatives to donor-derived prod-
ucts are needed, such as defined biotherapeutic interventions
of standardized composition, to restore the microbiome and
safely prevent future CDI recurrences.11

Multiple agents that administer processed feces from hu-
man donors for recurrent CDI are currently under
investigation12,13; the first such product was recently ap-
proved by the US Food and Drug Administration.14 An alter-
native live biotherapeutic product, VE303, in a phase 1 study
colonized the human intestine without the use of a laxative
bowel preparation prior to administration.15 VE303 is a de-
fined bacterial consortium composed of 8 well-character-
ized, nonpathogenic, nontoxigenic, commensal strains of Clos-
tridia derived from healthy human stool samples and
manufactured from clonal cell banks. The primary objective
of this study was to evaluate VE303 at 2 different doses in adults
at high risk for recurrent CDI to determine recommendations
for a phase 3 regimen.

Methods
Study Design
VE303-002 (A Double-Blind Placebo-Controlled Phase 2 Study
of VE303 for Prevention of Recurrent Clostridium [Clostrid-
ioides] difficile Infection) was a randomized, double-blind, pla-
cebo-controlled, dose-finding, phase 2 study in adults with re-
current CDI and in those with primary CDI at high risk for
recurrence. The trial protocol was approved by the institu-
tional review board or ethics committee at each participating
institution. This trial was conducted in accordance with Good
Clinical Practice guidelines at 27 clinical sites in the US and
Canada. Participants were enrolled between February 2019 and
April 2021, with final follow-up in September 2021. All par-
ticipants provided written informed consent. The trial proto-
col is in Supplement 1 and the statistical analysis plan in Supple-
ment 2.

Intervention
VE303 is a defined live biotherapeutic product, including 5
strains from Clostridia cluster XIVa, 2 strains from cluster IV,
and 1 strain from cluster XVII (eTable 1 in Supplement 3).15

These strains were selected from a microbiome strain library
derived from healthy human stool samples based on indi-
vidual strain- and consortium-specific colonizing properties
and manufactured from clonal cell banks.15 Doses of VE303
were selected based on the results of a phase 1 study in healthy
volunteers.15

Participants
The study included adults aged 18 years or older who had 1 or
more prior episodes of CDI within the 6 months before the day
of randomization, as well as individuals with primary CDI at
high risk for recurrence, defined as age 75 years or older or age
65 years or older with at least 1 additional prespecified risk fac-
tor for recurrence (kidney dysfunction [creatinine clearance
<60 mL/min/1.73 m2] at the time of the current CDI episode;
regular use of a proton pump inhibitor within the past 2 months
and anticipated ongoing use; or a history of CDI >6 months pre-
viously) (Figure 1). Participants must have experienced, within
30 days before randomization, onset of 3 or more loose/
unformed bowel movements per 24 hours for more than 2 con-
secutive days or 8 or more loose/unformed bowel move-
ments within 24 hours that was considered unlikely to have
another etiology, with laboratory confirmation of CDI from a
stool sample collected within 72 hours of initiation of standard-
of-care antibiotic therapy. Prior to randomization, a partici-
pant had to show a successful clinical response (<3 loose/
unformed bowel movements within 24 hours for >2
consecutive days) to an investigator’s choice of standard-of-
care antibiotic regimen. Protocol amendments are in eTable 2
in Supplement 3. Race and ethnicity were self-reported, col-
lected from case report forms with fixed categories, and in-
cluded to better characterize the study population.

Trial Procedures
The trial consisted of a screening period of up to 3 weeks be-
fore randomization, an 8-week primary efficacy period start-
ing when the study drug was initiated, followed by a 16-week
follow-up period to assess safety, collect stool samples for colo-
nization dynamics analysis, and identify late CDI recur-
rences. The first dose of study drug was administered at the

Key Points
Question In adults at high risk for recurrence of Clostridioides
difficile infection (CDI), does VE303 (a novel oral
microbiome-directed therapy composed of nonpathogenic,
nontoxigenic, commensal strains of Clostridia) reduce the
likelihood of CDI recurrence?

Findings Through week 8, the CDI recurrence rate (using the
most inclusive, combined clinical and laboratory definition of
outcome) was 13.8% for the high-dose VE303 group, 37.0% for
the low-dose VE303 group, and 45.5% for the placebo group.

Meaning High-dose VE303 prevented recurrent CDI compared
with placebo.
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study site within 24 hours after completing antibiotic treat-
ment for the qualifying CDI episode; remaining doses were
taken at home. During the dosing period, participants re-
turned for follow-up visits on days 7 and 14; between visits,
study personnel performed daily check-ins by telephone to as-
sess compliance and monitor potential adverse events (AEs)
and CDI recurrences. After dosing, participants had in-
person visits at weeks 4, 8, and 24 and telephone visits at weeks
12, 16, and 20. Fecal samples were collected at screening, af-
ter treatment for the qualifying CDI episode, and longitudi-
nally through week 24. Metagenomic sequencing was per-
formed to determine VE303 strain colonization and changes
in microbiome diversity, as previously described.15

Randomization and Blinding
Eligible participants were randomized in a 2:1:2:1 (high dose
to placebo to low dose to placebo) ratio to receive once-daily
high-dose VE303 (10 capsules [8.0 × 109 colony-forming units
{CFUs}] daily; cumulative dose, 1.1 × 1011 CFUs), high-dose pla-

cebo (10 capsules), low-dose VE303 (2 capsules [1.6 × 109 CFUs]
daily; cumulative dose, 2.2 × 1010 CFUs), and low-dose pla-
cebo (2 capsules) for 14 days. Pooling of the 2 placebo groups
for analysis resulted in functional 1:1:1 randomization. Pla-
cebo capsules were physically indistinguishable from VE303
capsules. Participants were stratified based on CDI history (pri-
mary CDI at high risk for recurrence vs recurrent CDI), antibi-
otic used for treatment of the qualifying CDI episode (vanco-
mycin 4 times daily vs other antibiotic, including alternative
vancomycin dosing regimens), and CDI testing used to con-
firm the qualifying episode (free toxin [enzyme immunoas-
say {EIA} for toxin A/B or cell cytotoxicity neutralization as-
say {CCNA}] vs other [polymerase chain reaction {PCR} or
toxigenic culture]). Randomization was performed using a cen-
tralized interactive web response system. Study participants
and site staff were unblinded to the number of daily capsules
but remained blinded to treatment group; sponsor personnel
who interacted with sites remained blinded to capsules per day
and treatment assignments until the database was locked.

Figure 1. Screening, Randomization, and Follow-up Through Week 24

135 Participants assessed for eligibility

56 Excludeda

50 Did not meet inclusion criteria

9 Did not meet exclusion criteria
5 Other medical condition
2 Known hypersensitivity to any ingredient in the VE303

study formulation
1 Corticosteroid use at daily doses >20 mg of prednisone

equivalent within 14 d prior to randomization
1 Life expectancy of <3 mo

6 Timing of study drug administration
6 Stool sample collection not obtained before (≤72 h after)

initiation of SOC antibiotics
4 Did not agree to birth control requirements
2 Were aged ≥65 y with/without prior CDI episode exhibiting

≥1 risk factor for recurrence
2 Second or greater occurrence of CDI within the last 6 mo
2 Did not provide consent
1 Diarrhea considered unlikely to have another etiology

17 CDI symptoms outside of specified time frame
10 Did not have qualifying CDI episode

79 Randomized

29 Included in efficacy analyses
1 Withdrew consentb

27 Included in efficacy analyses

30 Randomized to high-dose VE303
30 Received intervention as

randomized
1 Not included in full analysis

set and withdrew consent
(data integrity issues at site)b

27 Randomized to low-dose VE303
27 Received intervention as

randomized

22 Randomized to placebo
22 Received intervention as

randomized

22 Included in efficacy analyses

4 Discontinued intervention
(withdrawal of consent)

1 Discontinued intervention
(withdrawal of consent)

2 Other (family issues and COVID-19)

5 Discontinued intervention
(withdrawal of consent, discretion
of investigator)

2 Lost to follow-up

CDI indicates Clostridioides difficile infection; SOC, standard of care.
a The number of reasons for exclusion exceed the number excluded because

individuals could have had multiple reasons for not enrolling in the study.

b Data integrity issues at 1 study site led to 1 participant being excluded from the
full analysis set and from all analyses of efficacy and strain colonization; this
participant was included in the safety analysis set.
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Outcomes
The primary objective was to determine a recommended dose
of VE303 for a planned phase 3 study. The primary efficacy end
point was the CDI recurrence rate through week 8 in 3 pre-
specified analyses with successively broader, inclusive defi-
nitions for CDI recurrence (eFigure 1 in Supplement 3).

If recurrent CDI was suspected, a stool sample was col-
lected for laboratory confirmation. CDI recurrence was de-
fined as 3 or more unformed bowel movements per day for
more than 2 consecutive days or 8 or more unformed bowel
movements within 24 hours, unlikely to have another etiol-
ogy, and a decision by the blinded investigator to initiate C dif-
ficile–directed antimicrobial therapy. Safety of VE303 was
evaluated for 24 weeks total.

Secondary efficacy end points included CDI recurrence at
week 24 and stool microbiome end points, including VE303
strain colonization and fecal microbiome diversity.

Microbiome Analyses
Prespecified analyses of the total abundance and detection of
VE303 strains were performed to determine the effects of dose
on strain colonization and the association of these results with
on-study CDI recurrences. VE303 strain presence in stool
samples was evaluated using a specialized bioinformatics as-
say based on the detection and frequency of highly curated ge-
nomic marker regions, as previously described.15 A prespeci-
fied analysis of the changes in microbiota diversity among the
treatment groups was also performed (eMethods and
eTables 3-6 in Supplement 3).15 Diversity was calculated using
the Shannon Diversity Index, an ecological measure of the
number of species in a community and their relative abun-
dance (eMethods in Supplement 3).

A post hoc analysis was performed to evaluate the asso-
ciation between VE303 exposure and response, with each
VE303-dosed participant defined as having low or high colo-
nization based on the number of VE303 strains detected. A cut-
point analysis was conducted to determine meaningful colo-
nization categories, calculating time-to-event curves and log-
rank P values for all possible colonization cutpoints (eTable 4
in Supplement 3). To preserve balanced analysis subgroups,
we reported the model with the number of detected strains in
high or low colonized participants being above or below the
median for all VE303-dosed participants (eMethods in Supple-
ment 3).

Statistical Analysis
The original sample size planned for the study was 146 par-
ticipants, with plans to increase enrollment based on the re-
sults of an interim analysis and sample size reestimation. En-
rollment was slower than planned and further exacerbated by
the COVID-19 pandemic. Thus, it was decided to forgo the origi-
nal interim analysis and sample size reestimation and in-
stead implement 3 unblinded administrative interim analy-
ses. The interim analyses did not change the design, objectives,
end points, or conduct of the study. Unblinding was limited
to a small group in senior leadership at Vedanta Biosciences
who were not directly involved with the study to guide fu-
ture development strategy and inform the potential design of

subsequent trials. No statistical power calculations were per-
formed to define the final number of participants enrolled in
the study. The sample size target was decreased to 60 to 80
participants. This decision was made in accordance with con-
siderations of the Food and Drug Administration’s guidance
on conduct of clinical trials during the COVID-19 pandemic.16

The placebo recipients were pooled for all efficacy, safety,
and microbiome analyses. Continuous variables were sum-
marized with descriptive statistics (means with SDs; medi-
ans with IQRs) by treatment group. Categorical data were sum-
marized by frequency counts and percentages by treatment
group. The hypothesis test for CDI recurrence (no treatment
effect vs ≥1 effective dose; α = .05, 1-sided) was conducted using
a Cochran-Mantel-Haenszel test (stratified for the factors used
in randomization). SAS version 9.4 (SAS Institute Inc) was used
for statistical analyses.

For the efficacy analyses, the full analysis set was de-
fined as all study participants who were randomized and re-
ceived at least 1 dose of study drug, according to their ran-
domized study drug assignment. The primary efficacy end
point was analyzed in 3 prespecified analyses (efficacy analy-
ses 2 and 3 were prespecified sensitivity analyses) that used
successively broader case definitions for an on-study CDI re-
currence (eFigure 1 in Supplement 3): (1) an episode of diar-
rhea consistent with CDI and a toxin-positive stool sample (EIA
for toxin A/B or CCNA); (2) cases included in analysis 1 or an
episode of diarrhea consistent with CDI that included a posi-
tive PCR or toxigenic culture test result (ie, all laboratory-
confirmed recurrences), followed by treatment with a CDI-
targeted antibiotic; and (3) cases included in analysis 2 or an
episode of diarrhea consistent with CDI in the absence of labo-
ratory confirmation, followed by treatment with a CDI-
targeted antibiotic as prescribed by the investigator. Both
VE303 groups (high and low doses) were compared sepa-
rately with the pooled placebo group. Missing values for the
primary efficacy end point were not imputed, but additional
supportive analyses were performed in which participants who
did not experience a recurrence prior to week 8 and who dis-
continued the trial for any reason prior to the week 8 visit were
treated as having had a CDI recurrence.

The safety analysis set was defined as all participants who
were randomized and received 1 or more doses of study drug,
according to the study drug actually received.

Results
Participant Characteristics
Of the 135 participants screened, 79 were randomized and ana-
lyzed for safety; 1 participant was excluded from the full analy-
sis set and from the efficacy and microbiome analyses be-
cause of early closure of the study site (Figure 1). Of the 78
enrolled participants, 74 (94.9%) completed 8 weeks of follow-
up. The median age was 63.5 years (range, 24-96); most par-
ticipants were female (70.5%); and 1.3% were Asian, 1.3% Black,
2.6% Hispanic, and 96.2% White; baseline demographics and
clinical characteristics were comparable across treatment
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groups (Table 1) and recurrent CDI and primary CDI at high risk
for recurrence subgroups.

Efficacy
For efficacy analysis 1, which included participants with a toxin-
positive stool sample, the high-dose VE303 group recorded 4
CDI recurrences among 29 participants (13.8%) compared with
5 recurrences among 22 participants (22.7%) in the placebo
group (adjusted absolute risk reduction [ARR], 11.0% [90% CI,
−9% to 27%]; P = .29), evident at week 8 (Figure 2A; eFig-
ure 2A in Supplement 3); low-dose VE303 participants (9/27
[33.3%]) had more CDI recurrences than those in the placebo
group (ARR, −6.8% [90% CI, −3.2% to 10%]; P = .55).

For efficacy analysis 2, the sensitivity analysis that in-
cluded all recurrences in efficacy analysis 1 plus participants
with a positive PCR or toxigenic culture stool test result, the
high-dose VE303 group had fewer recurrences (4/29 [13.8%])
compared with the placebo group (8/22 [36.4%]) (ARR, 21.1%
[90% CI, 3% to 42%]; P = .04) (Figure 2A; eFigure 2B in Supple-
ment 3); CDI recurrences among the low-dose VE303 group
(10/27 [37.0%]) were similar to the placebo group (ARR, 3.1%
[90% CI, −23% to 22%]; P = .72).

For efficacy analysis 3, the sensitivity analysis that in-
cluded all recurrences in efficacy analysis 2 plus those that were
treated with an antibiotic for CDI but without a confirmatory
diagnostic laboratory test, participants in the high-dose VE303
group had fewer recurrences (4/29 [13.8%]) than those in the
placebo group (10/22 [45.5%]) (ARR, 30.5% [90% CI, 11% to
52%]; α = .05, 1-sided; P = .006); the CDI recurrence rate in the
low-dose VE303 group (10/27 [37.0%]) was similar to that in
the placebo group (10/22 [45.5%]) (ARR, 9.9% [90% CI, −15%
to 32%]; P = .30) (Figure 2A). Two participants assigned to pla-
cebo, with clinical evidence of CDI recurrences on day 28 and
day 44, were included in efficacy analysis 3 only. In both in-
stances, the on-study recurrences could not be confirmed
through laboratory tests due to delayed collection and logis-
tical issues with the stool samples (eFigure 3C in Supple-
ment 3).

In the high-dose VE303 group, no CDI recurrences oc-
curred from day 12 through week 8, whereas recurrences in the
placebo group occurred through week 8. The odds ratio of CDI
recurrence up to week 8 for the high-dose VE303 group vs pla-
cebo was 0.19 (90% CI, 0.05 to 0.71; 1-sided P = .008).

Table 1. Demographics and Baseline Characteristics (Full Analysis Set)

Parameter

Patients with CDI qualifying episode, No. (%)

High-dose VE303 (n = 29) Low-dose VE303 (n = 27) Placebo (n = 22)

Primary (n = 4) Recurrent (n = 25) Primary (n = 6) Recurrent (n = 21) Primary (n = 3) Recurrent (n = 19)
Age at consent, y

Median (range) 79 (77-87) 58 (32-85) 75 (66-82) 63 (24-96) 79 (73-79) 62 (36-85)

<65 0 16 (64.0) 0 12 (57.1) 0 12 (63.2)

≥65 4 (100) 9 (36.0) 6 (100) 9 (42.9) 3 (100) 7 (36.8)

Sex

Female 2 (50.0) 16 (64.0) 5 (83.3) 15 (71.4) 3 (100) 14 (73.7)

Male 2 (50.0) 9 (36.0) 1 (16.7) 6 (28.6) 0 5 (26.3)

Race

Asian 0 1 (4.0) 0 0 0 0

Black or African American 0 0 0 1 (4.8) 0 0

White 4 (100) 24 (96) 6 (100) 19 (90.4) 3 (100) 19 (100)

Othera 0 0 0 1 (4.8) 0 0

Hispanic/Latinx ethnicity 0 2 (8.0) 0 0 0 0

Total No. of prior CDI episodes at
baseline (including current CDI
qualifying episode)

Median (IQR) 0 3.0 (2-4) 0 3.0 (2-3) 0 3.0 (2-3)

Standard-of-care antibiotic
treatment for qualifying episode

Vancomycin 4 times daily 3 (75.0) 19 (76.0) 4 (66.7) 15 (71.4) 2 (66.7) 13 (68.4)

Other regimens

Fidaxomicin 1 (25.0) 4 (66.7) 2 (100) 5 (83.3) 0 4 (66.7)

Metronidazole 0 2 (33.3) 0 0 0 1 (16.7)

Vancomycin, not 4 times daily 0 0 0 1 (16.7) 1 (100) 1 (16.7)

CDI laboratory diagnostic method
for qualifying episode

Free toxin (EIA, CCNA) 3 (75.0) 14 (56.0) 3 (50.0) 14 (66.7) 0 15 (78.9)

Other (PCR, toxigenic culture)b 1 (25.0) 11 (44.0) 3 (50.0) 7 (33.3) 3 (100) 4 (21.1)

Abbreviations: CCNA, cell cytotoxicity neutralization assay; CDI, Clostridioides
difficile infection; EIA, enzyme immunoassay; PCR, polymerase chain reaction.
a Other indicates that the participant did not report a specific race.

b Other CDI laboratory diagnostic methods included PCR (n = 28) and toxigenic
culture (n = 1).
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In follow-up through week 24 (eFigure 3 in Supple-
ment 3), 2 additional CDI recurrences were reported: in the
high-dose VE303 group on day 110 and in the low-dose VE303
group on day 154 (eFigure 3B in Supplement 3).

Safety and Adverse Effects
Most participants (76/79 [96.2%]) experienced 1 or more treat-
ment-emergent AEs (TEAEs), which were generally of mild or
moderate intensity and were mainly gastrointestinal (Table 2).
There were no reported grade 4 TEAEs and no deaths. Treat-
ment-related TEAEs were reported by more participants in the
high-dose VE303 group (16/30 [53.3%]) than in the low-dose
VE303 group (8/27 [29.6%]) or the placebo group (7/22 [31.8%]).
Serious TEAEs were reported in 7 participants (8.9%) across
treatment groups (total of 11 serious TEAEs): 1 participant in
the high-dose VE303 group reported 1 event (transfusion re-
action), 4 participants in the low-dose VE303 group reported
5 events (CDI, breast cancer, exacerbation of chronic obstruc-

tive pulmonary disease, and dizziness and cerebrovascular ac-
cident), and 2 participants in the placebo group reported 5
events (abdominal pain, nausea, and vomiting; Escherichia coli
bacteremia and pyelonephritis). Based on review by both the
investigator and the Vedanta Biosciences medical monitor,
none of these serious TEAEs was considered treatment re-
lated (Table 2). Seven participants (4 in the high-dose VE303
group, 2 in the low-dose VE303 group, and 1 in the placebo
group) experienced TEAEs leading to study drug discontinu-
ation; all were events of diarrhea (Table 2). All AEs of special
interest observed in the study were gastrointestinal related (di-
arrhea, abdominal pain, flatulence, and vomiting); no bacte-
rial infection AEs of special interest were observed.

Changes in the Microbiome
At the end of study treatment on day 14, VE303 fecal coloni-
zation, as measured by the number of consortium strains de-
tected (Figure 3A) and the sum of the strain relative abun-

Figure 2. Recurrence Rates of Clostridioides difficile Infection (CDI) Through Week 8
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Placebo
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Treatment, No. (%)

Definition of CDI recurrence

Efficacy analysis 1 (EIA or CCNA positive)

Efficacy analysis 2 (PCR or TC positive)

High-dose
VE303
(n = 29)

4 (13.8)

4 (13.8)

4 (13.8)

Low-dose
VE303
(n = 27)

9 (33.3)

10 (37.0)

10 (37.0)

Unadjusted absolute
risk reduction, %

High-dose
VE303

8.9

22.6

31.7

Low-dose
VE303

–10.6

–0.6

8.5

Adjusted absolute risk
reduction, % (90% CI)

High-dose VE303
vs placebo

11.0 (–9 to 27)

21.1 (3 to 42)

30.5 (11 to 52)

Low-dose VE303
vs placebo

–6.8 (–32 to 10)

3.1 (–23 to 22)

9.9 (–15 to 32)

Placebo
(n = 22)

5 (22.7)

8 (36.4)

10 (45.5)Efficacy analysis 3 (absent laboratory test confirmation)

A, Two participants with on-study recurrences were included only in efficacy
analysis 3: both participants were assigned to the placebo group and had stool
samples taken on day 12 and day 14 following their suspected on-study CDI
recurrence. Laboratory tests for these 2 samples were negative, but both
participants were treated with antibiotics based on clinical symptoms; thus,
both participants were included in the efficacy analysis.

B, Participants in the high-dose VE303 group had fewer recurrences (4/29
[13.8%]) than participants in the placebo group (10/22 [45.5%]) (absolute risk

reduction, 30.5% [90% CI, 11% to 52%]; P = .006). Recurrence rates in the
low-dose VE303 group (10/27 [37.0%]) were comparable with those in the
placebo group (absolute risk reduction, 9.9% [90% CI, −15% to 32%]; P = .30).
Per the prespecified statistical analysis plan, study week 8 included recurrences
with onset up to day 63.

CCNA indicates cell cytotoxicity neutralization assay; EIA, enzyme
immunoassay; PCR, polymerase chain reaction; and TC, toxigenic culture.
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Table 2. Overall Summary of Adverse Events and Related Treatment-Emergent Adverse Events (TEAEs) by System Organ Class and Preferred Term
(Safety Analysis Set)

Adverse eventa

No. (%)

High-dose VE303 (n = 30) Low-dose VE303 (n = 27) Placebo (n = 22)
Serious TEAEsb 1 (3.3) 4 (14.8) 2 (9.1)

Treatment-related 0 0 0

≥1 TEAEc 28 (93.3) 27 (100) 21 (95.5)

Treatment-related 16 (53.3) 8 (29.6) 7 (31.8)

Adverse events of special interestd 4 (13.3) 0 1 (4.5)

Treatment-related 4 (13.3) 0 1 (4.5)

Grade 1 TEAEs (mild) 28 (93.3) 27 (100) 20 (90.9)

Treatment-related 14 (46.7) 8 (29.6) 7 (31.8)

Grade 2 TEAEs (moderate) 12 (40.0) 16 (59.3) 11 (50.0)

Treatment-related 4 (13.3) 0 1 (4.5)

Grade 3 TEAEs (severe) 2 (6.7) 4 (14.8) 3 (13.6)

Treatment-related 1 (3.3) 0 0

Grade 4 TEAEs (life-threatening) 0 0 0

Treatment-related 0 0 0

COVID-19–associated TEAEs 0 0 0

Deaths 0 0 0

TEAEs leading to study treatment discontinuation 4 (13.3) 2 (7.4) 1 (4.5)

Adverse events reported in ≥5% of participantse

Gastrointestinal disorders 26 (86.7) 25 (92.6) 21 (95.5)

Diarrhea 21 (70.0) 23 (85.2) 19 (86.4)

Nausea 6 (20.0) 6 (22.2) 2 (9.1)

Nervous system disorders 5 (16.7) 7 (25.9) 3 (13.6)

Investigations 5 (16.7) 3 (11.1) 1 (4.5)

Abdominal pain 5 (16.7) 2 (7.4) 2 (9.1)

General disorders and administration site conditions 4 (13.3) 6 (22.2) 2 (9.1)

Skin and subcutaneous tissue disorders 4 (13.3) 1 (3.7) 1 (4.5)

Infections and infestations 3 (10.0) 8 (29.6) 8 (36.4)

Constipation 3 (10.0) 1 (3.7) 0

Metabolism and nutrition disorders 2 (6.7) 4 (14.8) 1 (4.5)

Musculoskeletal and connective tissue disorders 2 (6.7) 3 (11.1) 1 (4.5)

Headache 2 (6.7) 3 (11.1) 0

Chills 2 (6.7) 2 (7.4) 0

Abdominal distension 2 (6.7) 1 (3.7) 2 (9.1)

Fatigue 2 (6.7) 1 (3.7) 0

Flatulence 2 (6.7) 1 (3.7) 2 (9.1)

Irritable bowel syndrome 2 (6.7) 1 (3.7) 0

Dysgeusia 2 (6.7) 0 2 (9.1)

Upper abdominal pain 2 (6.7) 0 0

Blood potassium increased 2 (6.7) 0 0

Vomiting 1 (3.3) 4 (14.8) 3 (13.6)

Injury, poisoning, and procedural complications 1 (3.3) 4 (14.8) 3 (13.6)

Respiratory, thoracic, and mediastinal disorders 1 (3.3) 4 (14.8) 2 (9.1)

Surgical and medical procedures 1 (3.3) 3 (11.1) 1 (4.5)

Urinary tract infection 1 (3.3) 2 (7.4) 4 (18.2)

Dyspepsia 1 (3.3) 2 (7.4) 1 (4.5)

Cough 1 (3.3) 2 (7.4) 0

Dehydration 1 (3.3) 2 (7.4) 0

Pyrexia 0 4 (14.8) 0

Dizziness 0 3 (11.1) 1 (4.5)

(continued)
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dances (Figure 3B), was significantly increased (P < .001,
Wilcoxon rank-sum test) in the VE303-dosed groups com-
pared with the placebo group (eTable 3 in Supplement 3). VE303
detection was significantly increased in the high-dose VE303
vs low-dose VE303 group (P < .05, Wilcoxon test; Figure 3A;
eTable 3 in Supplement 3). Likewise, total VE303 relative abun-
dance in the high-dose VE303 group (5.2%) was greater than
in the low-dose VE303 group (0.8%) (P = .09, Wilcoxon rank-
sum test, eTable 3 in Supplement 3), indicating a dose-
exposure effect (Figure 3B). An ad hoc analysis combined data
from the active treatment groups, comparing the probability
of CDI recurrence in participants with high colonization vs
those with low colonization based on strain detection. Higher
early colonization of VE303 strains among dosed participants
was associated with greater clinical efficacy: participants with
high VE303 colonization at day 14 (5 to 8 strains detected) had
a lower probability of CDI recurrence compared with partici-
pants who had low VE303 strain colonization (0 to 4 strains
detected; log rank test, P = .08) (Figure 3C; eTables 4 and 5 in
Supplement 3). Species alpha diversity (using the Shannon Di-
versity Index; see the Methods section and eMethods in Supple-
ment 3) was increased in nonrecurrent vs recurrent partici-
pants by the end of dosing (P = .02; linear mixed effects [LME]
model; Figure 3D; eTable 6 in Supplement 3). Diversity recov-
ery was most notable in the high-dose VE303 group; the rela-
tive diversity rise (delta) in nonrecurrent vs recurrent partici-
pants increased with dose and was highest for the high-dose
VE303 group (high-dose VE303: delta = 0.7, P = .08; low-
dose VE303: delta = 0.4, P = .39; placebo: delta = 0.1, P = .29;
LME, eTable 6 in Supplement 3). Microbial diversity recov-
ered to greater than screening levels by day 14 in the high-
dose VE303 group (P = .004, LME, eTable 6 in Supple-
ment 3), whereas the difference was not significant in the low-
dose VE303 and placebo groups (P > .20, LME, eTable 6 in
Supplement 3). Day 14 diversity was increased in the high-

dose VE303 group vs placebo (P = .02, LME, eTable 6 in Supple-
ment 3), whereas that in the low-dose VE303 group was not
significantly different from placebo.

Discussion
This study reported findings from a randomized, double-
blind, placebo-controlled study of VE303, a novel defined bac-
terial consortium composed of 8 strains of commensal Clos-
tridia, for prevention of CDI. To our knowledge, this is the first
double-blind, placebo-controlled study to demonstrate effi-
cacy with a defined bacterial consortium in any therapeutic
indication.

Compared with placebo, high-dose VE303 prevented CDI
among high-risk participants. In the high-dose VE303 group,
all CDI recurrences through week 8 occurred by day 11, likely
due to subsequent colonization of VE303 strains and VE303-
induced restoration of the gut microbiota community. Most
participants experienced sustained cure through week 24, sug-
gesting that VE303 has a durable effect. Low-dose VE303 did
not prevent CDI recurrence compared with placebo during the
8-week primary efficacy period. The results of a phase 1 study
demonstrated dose-dependent colonization with VE303,15

which was corroborated by the lower levels of colonization in
the low-dose VE303 group and subsequent lack of clinical ef-
ficacy observed in this trial. The observed recurrence rate of
13.8% in the high-dose VE303 group compared with placebo
and absolute risk reduction of 30.5% compared favorably with
those of fecal microbial transplant (28% recurrence rate),17

bezlotoxumab (absolute risk reduction, 10%),18 RBX2660 (ab-
solute risk reduction, 12.3%),14 and investigational agents that
rely on human fecal donors—with absolute risk reductions rela-
tive to placebo of 27.4% and 13.0% for SER-109 and CP101,
respectively.12,13

Table 2. Overall Summary of Adverse Events and Related Treatment-Emergent Adverse Events (TEAEs) by System Organ Class and Preferred Term
(Safety Analysis Set) (continued)

Adverse eventa

No. (%)

High-dose VE303 (n = 30) Low-dose VE303 (n = 27) Placebo (n = 22)
Abdominal discomfort 0 2 (7.4) 0

Eructation 0 2 (7.4) 0

Malaise 0 2 (7.4) 0

Fall 0 2 (7.4) 0

Benign, malignant, and unspecified neoplasms (including cysts and
polyps) 0 2 (7.4) 0

Edema peripheral 0 1 (3.7) 2 (9.1)

Lower abdominal pain 0 0 3 (13.6)

Vascular disorders 0 0 3 (13.6)

Oropharyngeal pain 0 0 2 (9.1)
a Adverse events were coded using the Medical Dictionary for Regulatory

Activities (version 21.1).
b None of these events were considered treatment related.
c TEAEs were defined as adverse events that started or increased in severity at

the time of or after administration of the first dose of study treatment, up to
week 24. TEAEs were classified in severity by Common Terminology Criteria
for Adverse Events grade. TEAEs were defined as those reported as possibly
related, probably related, definitely related, or missing. Missing severity was

imputed as severe (grade 3).
d AESIs were defined as any clinically significant (grade �2) event, either

gastrointestinal adverse event or bacterial infection, that were considered
related to study treatment. All AESIs were gastrointestinal related (diarrhea,
abdominal pain, flatulence, and vomiting); no bacterial infections were
observed.

e Presented in descending order by high-dose group.
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The CDI recurrence rate of 22.7% in the placebo group
based on toxin positivity alone was lower than expected, given
the high-risk populations enrolled. By contrast, the recur-
rence rate in the placebo group when based on all laboratory-
confirmed cases (36.4%) or a combined laboratory and clini-
cal approach (45.5%) was consistent with the rates and
diagnostic approaches of most other studies.12,13 This latter
definition of CDI recurrence reflects a pragmatic approach used
clinically, with treatment often initiated based on PCR and/or
symptoms, in addition to EIA results.1 Two participants had
clinical recurrences that were treated but not laboratory con-
firmed, due to pandemic-related challenges; their stool samples
were not obtained until 12 and 14 days, respectively, after on-
set of the suspected recurrence and antibiotic treatment. Test
results were negative, likely due to treatment and late sample
collection.

In this study, 72% of participants were treated with van-
comycin 4 times daily and 21% with fidaxomicin for the quali-
fying CDI episode, which mirrors current clinical practice. Due
to recent updates to treatment guidance that have expanded
recommendations for fidaxomicin use,6-8 recurrence rates in
future CDI trials could be lower than historical reference rates.
Studies have shown that although fidaxomicin has similar cure
rates to oral vancomycin, it is associated with significantly
lower rates of recurrent CDI.19,20 Nevertheless, in patients with
multiple CDI recurrences who received prior vancomycin
therapy but were treated with fidaxomicin, CDI recurrence rates
remain suboptimal.12,21 This highlights the need for addi-
tional approaches to prevention.

VE303 was generally well tolerated. Fewer than half of
VE303 recipients reported a treatment-related TEAE, and ap-
proximately 10% reported a severe AE or a serious TEAE. Most

Figure 3. VE303 Strain Colonization and Fecal Microbiome Diversity
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Total VE303 strain detection (A) and total VE303 strain relative abundance (B)
at the end of dosing were significantly increased in VE303-dosed groups
compared with the placebo group (P < .001, Wilcoxon test). C, In VE303
recipients, higher colonization (5 to 8 strains colonized) at the end of dosing
was associated with a lower Clostridioides difficile infection recurrence rate and
lower probability of recurrence (log-rank test, P = .08, hazard ratio for low
colonization/high colonization = 5.32). D, Species alpha diversity during the 2

weeks after antibiotic treatment, shown as the time-averaged Shannon
Diversity Index per participant, was associated with clinical efficacy (P = .02,
linear mixed-effects model for all treatment groups). All individual participants
are plotted. The box-and-whisker plots depict the median (lines within the
boxes), IQR (top and bottom of the boxes), and reasonable extreme values at
1.5 × IQR in the data set (where the vertical lines end).
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TEAEs were gastrointestinal and mild in intensity. No treat-
ment-related serious TEAEs or deaths were reported. The fa-
vorable tolerability profile of VE303 was expected, based on
prior reports of fecal microbiota transplants and other live bio-
therapeutic products.12,13,22,23

The VE303 component strains colonized rapidly during the
dosing period. VE303 strains showed significantly greater abun-
dance and prevalence in both of the VE303 groups compared
with placebo. Receipt of a higher dose significantly increased
total VE303 strain colonization, and participants with high
VE303 colonization had a lower probability of CDI recurrence
than those with low colonization, suggesting a positive expo-
sure-response relationship. Individuals with CDI display gut
dysbiosis characterized by low species diversity and domi-
nance of putative pathogens, which is further exacerbated by
first-line treatment with antibiotics.24,25 By contrast, a healthy
gut resilient to perturbations is characterized by high diver-
sity and increased Clostridia cluster IV and XIVa species. The
data from the current study suggest that VE303 expedited re-
covery of the endogenous microbiota, highlighting a struc-
tural ecologic role of Clostridia in colonization resistance.

Limitations
This study had limitations. First, the definition of CDI recur-
rence in efficacy analysis 3 included 2 participants whose re-
currences were diagnosed clinically, without confirmation by

positive laboratory testing. Some commonly used tests, such
as EIA for toxin A/B, have high specificity but low sensitivity,
while others, such as PCR, have high sensitivity but subopti-
mal specificity. The combined use of laboratory testing plus
clinical assessment is endorsed by professional society guide-
lines but the study definitions could have misclassified some
diarrheal episodes as CDI.

Second, study enrollment was hindered by the COVID-19
pandemic and other factors, including availability of open-
label fecal microbial transplant in many areas, which nega-
tively affected the sample size goal.

Third, the study’s demographic distribution was compa-
rable with the epidemiology seen in CDI26; however, the pre-
dominantly White population may limit the generalizability of
these findings. An adequately sized and powered phase 3 study
is planned, with an emphasis on enrolling a more diverse study
population.

Conclusions
Among adult participants with laboratory-confirmed CDI with
1 or more prior CDI episodes in the last 6 months and those with
primary CDI at high risk for recurrence, high-dose VE303 pre-
vented recurrent CDI compared with placebo. A larger, phase
3 study is needed to confirm these findings.
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