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Administration of Spores of Nontoxigenic Clostridium difficile
Strain M3 for Prevention of Recurrent C difficile Infection
A Randomized Clinical Trial
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IMPORTANCE Clostridium difficile is the most common cause of health care–associated
infection in US hospitals. Recurrence occurs in 25% to 30% of patients.

OBJECTIVE To determine the safety, fecal colonization, recurrence rate, and optimal dosing
schedule of nontoxigenic C difficile strain M3 (VP20621; NTCD-M3) for prevention of
recurrent C difficile infection (CDI).

DESIGN, SETTING, AND PARTICIPANTS Phase 2, randomized, double-blind, placebo-controlled,
dose-ranging study conducted from June 2011 to June 2013 among 173 patients aged 18 years
or older who were diagnosed as having CDI (first episode or first recurrence) and had
successfully completed treatment with metronidazole, oral vancomycin, or both at 44 study
centers in the United States, Canada, and Europe.

INTERVENTIONS Patients were randomly assigned to receive 1 of 4 treatments: oral liquid
formulation of NTCD-M3, 104 spores/d for 7 days (n = 43), 107 spores/d for 7 days (n = 44), or
107 spores/d for 14 days (n = 42), or placebo for 14 days (n = 44).

MAIN OUTCOMES AND MEASURES The primary outcome was safety and tolerability of
NTCD-M3 within 7 days of treatment. Exploratory secondary outcomes included fecal
colonization with NTCD-M3 from end of study drug through week 6 and CDI recurrence from
day 1 through week 6.

RESULTS Among 168 patients who started treatment, 157 completed treatment. One or more
treatment-emergent adverse events were reported in 78% of patients receiving NTCD-M3
and 86% of patients receiving placebo. Diarrhea and abdominal pain were reported in 46%
and 17% of patients receiving NTCD-M3 and 60% and 33% of placebo patients, respectively.
Serious treatment-emergent adverse events were reported in 7% of patients receiving
placebo and 3% of all patients who received NTCD-M3. Headache was reported in 10% of
patients receiving NTCD-M3 and 2% of placebo patients. Fecal colonization occurred in 69%
of NTCD-M3 patients: 71% with 107 spores/d and 63% with 104 spores/d. Recurrence of CDI
occurred in 13 (30%) of 43 placebo patients and 14 (11%) of 125 NTCD-M3 patients (odds ratio
[OR], 0.28; 95% CI, 0.11-0.69; P = .006); the lowest recurrence was in 2 (5%) of 43 patients
receiving 107 spores/d for 7 days (OR, 0.1; 95% CI, 0.0-0.6; P = .01 vs placebo]). Recurrence
occurred in 2 (2%) of 86 patients who were colonized vs 12 (31%) of 39 patients who received
NTCD-M3 and were not colonized (OR, 0.01; 95% CI, 0.00-0.05; P < .001).

CONCLUSIONS AND RELEVANCE Among patients with CDI who clinically recovered following
treatment with metronidazole or vancomycin, oral administration of spores of NTCD-M3 was
well tolerated and appeared to be safe. Nontoxigenic C difficile strain M3 colonized the
gastrointestinal tract and significantly reduced CDI recurrence.
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C lostridium difficile, an anaerobic spore-forming bacte-
rium, is the cause of one of the most common and
deadly health care–associated infections, linked to

29 000 US deaths each year.1 Rates of C difficile infection
(CDI) remain at unprecedented high levels in US hospitals,
and C difficile is the most commonly identified health care
pathogen.1,2 Patients, especially elderly people taking antibi-
otics, experience diarrhea and colitis with CDI (caused
mainly by 2 large exotoxins, toxin A and toxin B) that usually
respond to treatment with other antibiotics, commonly oral
vancomycin or metronidazole, but have a high recurrence
rate of 25% to 30%.3

Protection against CDI is likely afforded primarily by an in-
tact intestinal microbiota that does not permit intestinal growth
of C difficile if spores are ingested. Numerous classes of anti-
biotics used to treat other infections (and those used to treat
CDI) can disrupt the microbiota, rendering patients suscep-
tible to primary CDI or recurrence.4 Nonantibiotic CDI treat-
ment and prevention approaches are aimed at restoring the in-
testinal microbiota through use of fecal transplants5 or
providing antibodies against C difficile toxins through pas-
sively administered monoclonal antibodies or active vaccina-
tion of patients.3,6,7

Not all strains of C difficile produce toxins. Nontoxigenic
C difficile (NTCD) strains that lack the genes for toxin produc-
tion are also found in the hospital environment and colonize hos-
pitalized patients, although patients are usually asymptomatic.8

Gastrointestinal colonization of patients and hamsters by these
nontoxigenic C difficile strains has been shown to prevent CDI
with exposure to a toxigenic strain.8-14 One of these NTCD
strains, M3 (VP20621; NTCD-M3), has been shown to safely colo-
nize volunteers aged 60 years or older when given at doses rang-
ing from 104 to 108 spores/d for 14 days following 5 days of van-
comycin to disrupt the normal microbiota and simulate CDI
treatment.9 Herein, we report results of a phase 2 trial of the
safety and efficacy of NTCD-M3 spores in colonizing and pre-
venting recurrent CDI following successful treatment of the first
episode or first recurrence of CDI.

Methods
Trial Participants
Eligible patients were aged 18 years or older and had received
a diagnosis 28 days or less before randomization of a qualify-
ing episode of CDI, defined as the following: 3 or more un-
formed stools within a 24-hour period; a documented stool
C difficile toxin assay result (enzyme immunoassay or cellu-
lar cytotoxicity assay) or polymerase chain reaction assay re-
sult positive for toxigenic C difficile or colonic pseudomem-
branes on endoscopy; and diarrhea unlikely to have another
etiology in the opinion of the investigator. The qualifying epi-
sode of CDI was either a primary episode or a first recurrence
8 weeks or sooner after primary CDI. Severe CDI was defined
as 10 or more unformed stools per day or white blood cell count
of 15 000/μL or higher. Patients were treated with metronida-
zole, oral vancomycin, or both for 10 to 21 days and had clini-
cally recovered (defined as <3 unformed stools per day and ab-

dominal discomfort absent or mild for ≥2 consecutive days)
before continuing to randomization. Dosing with study drug
began 1 to 2 days after the end of metronidazole/vancomycin
therapy.

Exclusion criteria included the following: more than 1
episode of CDI (other than qualifying episode) 6 months or
less before randomization; qualifying episode treated with
any antimicrobial other than metronidazole or oral vancomy-
cin; treatment with immunotherapy (eg, intravenous immu-
noglobulin) or toxin-binding therapy (eg, cholestyramine);
presence of inflammatory bowel disease, celiac disease,
active irritable bowel syndrome, or active gastroparesis; toxic
megacolon during the qualifying episode of CDI; gastrointes-
tinal surgery 6 weeks or less before randomization; use of
loperamide, diphenoxylate, or opium tincture 3 days or less
before randomization; acute febrile illness on day 1 before
the first dose of study drug; planned administration of oral or
parenteral antibacterial therapy after randomization; contra-
indication to oral/enteral therapy (eg, severe nausea/
vomiting or ileus); absolute neutrophil count of less than
1000/μL, known immunodeficiency disorder including but
not limited to human immunodeficiency virus infection, use
of systemic corticosteroids at a dosage equivalent to 10 mg/d
or more of prednisone, or use of myelosuppressive cancer
chemotherapy; outpatients with household contacts who
were younger than 2 years or who had an immunodeficiency
disorder; need for mechanical ventilation or vasopressors for
hemodynamic support; and women who were pregnant or
breastfeeding.

The protocol (Supplement 2) was approved by the insti-
tutional review board or ethics committee at each participat-
ing institution. Race data are reported as recorded by investi-
gators, as CDI rates vary by race. All patients provided written
informed consent. A data and safety committee monitored the
study.

Study Design and Interventions
This randomized, double-blind, placebo-controlled, dose-
ranging study was performed from June 2011 to June 2013 at
44 study centers (33 in the United States, 7 in Europe, and 4 in
Canada). Patients were randomly assigned to 1 of 4 different
regimens in a 1:1:1:1 allocation ratio: NTCD-M3, 104 spores/d
for 7 days; NTCD-M3, 107 spores/d for 7 days; NTCD-M3, 107

spores/d for 14 days; or placebo. Randomization was per-
formed using a permuted-block algorithm (block size = 4) via
an automated centralized system that could be contacted by
Internet or telephone (Figure).

Study drug was supplied in unit dose vials and adminis-
tered as an oral liquid once daily with or without food. Each
vial contained 104 or 107 NTCD-M3 spores in 10 mL of 0.02%
polysorbate 80 in water; placebo vials were identical in ap-
pearance but contained no spores. All patients received study
drug or placebo for 14 days. Those taking NTCD-M3 for 7 days
received placebo for the remaining 7 days.

Patients used a study diary to record adverse events and
any occurrences of diarrhea and were monitored at least twice
weekly (at study visits or via telephone) through week 6 for
adverse events, particularly episodes of diarrhea and recur-
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rence of CDI. Stool/rectal swab samples were collected at study
visits on day 1 and at weeks 1, 2, 3, and 6 for testing at a central
laboratory. For any events through week 6 in which a patient
had 3 or more unformed stools within a 24-hour period, stool
samples were collected and sent to both the central and local
laboratories for C difficile testing (using the local standard test-
ing method used to diagnose the qualifying episode). After
week 6, stool samples were collected at weeks 10, 14, 18, 22,
and 26 only in patients who continued to have positive cul-
tures on the previous specimen. Stool samples were frozen and
shipped to central laboratories for C difficile culture and mo-
lecular typing (eAppendix 2 in Supplement 1).15 All patients
were followed up through week 26 to continue monitoring
for serious adverse events, any events of diarrhea or loose/
watery stools (based on patient self-report), and new-onset
medical conditions or changes in chronic disease. Blood for
safety laboratory testing was obtained at baseline and at the
end of dosing (week 2).

Outcome Measures
The primary end point was safety and tolerability of NTCD-M3
in adults treated for CDI. The primary safety and tolerability

analysis was treatment-emergent adverse events that started
or worsened during administration or 7 days or sooner after
the last dose. All clinical events of diarrhea or loose/watery
stools that occurred at any time during the study (regardless
of etiology) were included in the safety analyses. Serious treat-
ment-emergent adverse events included death, a life-
threatening event, inpatient hospitalization or prolongation of
an existing hospitalization, a persistent or significant incapac-
ity or disruption of normal life functions, a congenital anomaly
or birth defect, and other medically important events that jeop-
ardized a patient or may have required intervention to pre-
vent any of the above serious outcomes occurring through
week 26.

There were 12 prespecified efficacy end points. For micro-
biologic efficacy, the end point of major interest was inci-
dence of NTCD colonization, defined by a positive C difficile
stool culture demonstrating NTCD-M3 at any time after end
of study drug treatment through week 6. Other microbiology
end points were based on detection of either NTCD or toxi-
genic C difficile at various time points. Selected NTCD-
containing stool samples (usually the first and last) were tested
by genotyping to confirm consistency with the NTCD-M3 strain.

Figure. Flow of Participants in Randomized, Double-Blind, Dose-Ranging Trial of NTCD-M3 or Placebo

213 Patients assessed for eligibility

40 Excluded

10 Withdrew consent

1 Died

3 Anticipated use of antibacterial therapy
after randomization

3 Investigator decision

12 Other reasons

5 Did not meet definition of recovery
from qualifying CDI

3 Did not have 10-21 days of treatment
with metronidazole or oral vancomycin
for qualifying CDI

3 Other gastrointestinal disorders

173 Randomized

44 Randomized to receive placebo

43 Received placebo as randomized

1 Did not receive placebo
(withdrew consent)

43 Randomized to receive NTCD-M3,
10 4 spores/d for 7 days

41 Received study drug as
randomized

2 Did not receive study drug

1 Withdrawn for safety reasons

1 Randomization error a

44 Randomized to receive NTCD-M3,
10 7 spores/d for 7 days

43 Received study drug as
randomized

1 Did not receive study drug
(randomization error) a

42 Randomized to receive NTCD-M3,
10 7 spores/d for 14 days

41 Received study drug as
randomized

1 Did not receive study drug
(eligibility violation)

43 Included in primary analysis

1 Excluded (did not receive ≥1
dose of study treatment)

41 Included in primary analysis

2 Excluded (did not receive ≥1
dose of study treatment)

43 Included in primary analysis

1 Excluded (did not receive ≥1
dose of study treatment)

41 Included in primary analysis

1 Excluded (did not receive ≥1
dose of study treatment)

3 Discontinued treatment because
of adverse events b

5 Did not complete study b

2 Investigator decision

1 Withdrew consent

1 Died

1 Lost to follow-up

4 Discontinued treatment b

4 Did not complete study b

3 Withdrew consent

1 Lost to follow-up

3 Withdrew consent

1 Adverse event

2 Discontinued treatment b

4 Did not complete study b

2 Withdrew consent

1 Investigator decision

1 Lost to follow-up

1 Withdrew consent

1 Adverse event

2 Discontinued treatment because
of adverse events b

5 Did not complete study b

3 Lost to follow-up

1 Withdrew consent

1 Died

CDI indicates Clostridium difficile infection; NTCD-M3, nontoxigenic C difficile
strain M3.
a Screening failure; randomized in error.

b Follow-up to study completion was attempted with all treated patients, even if
study treatment was discontinued.
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Clinical efficacy end points included incidence of CDI re-
currence within 6 weeks, which was defined by meeting the
criteria used for the qualifying CDI episode or alternately by
the administration of antibacterial treatment for CDI by the in-
vestigator. Also analyzed were time to first CDI recurrence, time
to first clinical event of diarrhea (any etiology), and number
of days of antibacterial treatment for CDI.

Statistical Analyses
The primary analysis population for safety, tolerability, and
efficacy was the intention-to-treat safety population, defined
as all patients who received at least 1 dose of study drug. For
safety analyses, summary statistics were provided by therapy
group, but no statistical tests for safety comparisons between
groups were performed. For efficacy analyses, pairwise com-
parison testing for differences in colonization and differences
in incidence of clinical end points between NTCD-M3 groups
and placebo were performed using a 2-sided χ2 test at a sig-
nificance level of P = .05. No adjustments were made for mul-
tiple comparisons and, therefore, the secondary end points
should be considered exploratory analyses. In addition, a
logistic regression model analysis was performed adjusting
for use of metronidazole vs vancomycin, and primary CDI vs
first recurrence (covariates anticipated as having greatest
potential effect on CDI recurrence) for efficacy end points.
Statistical analyses were performed using SAS software, ver-
sion 9.2 (SAS Institute Inc); no data imputation was applied
to efficacy analyses. The statistical analysis plan is available
in Supplement 3.

Results
Participants
From June 2011 to December 2012, 213 individuals were
screened and 173 patients were randomized to study treat-
ment (Figure and eTable 1 in Supplement 1). Five randomized
patients did not receive study drug; therefore, the intention-
to-treat safety population for the primary analysis was 168 pa-
tients. Characteristics of patients and their CDI qualifying epi-
sodes are summarized in Table 1.

Safety
One or more treatment-emergent adverse events were
reported in 78% (95% CI, 70%-85%) of patients receiving
NTCD-M3 and 86% (95% CI, 75%-93%) of patients receiving
placebo (Table 2). Diarrhea and abdominal pain were
reported in 46% (95% CI, 37%-54%) and 17% (95% CI, 11%-
24%) of patients receiving NTCD-M3 and 60% (95% CI, 46%-
74%) and 33% (95% CI, 20%-47%) of placebo patients, respec-
tively. Headache was reported in 10% (95% CI, 6%-16%) of
patients receiving NTCD-M3 and 2% (95% CI, 0.4%-12%) of
placebo patients.

To further evaluate all potential diarrhea-type adverse
events, analysis was performed by combining adverse event
terms indicating any type of diarrhea or any investigator-
reported clostridial infection. The percentage of patients re-
porting any such treatment-emergent or non–treatment-

emergent adverse event through week 6 in each group of
patients receiving NTCD-M3 ranged from 54% (95% CI, 39%-
68%) to 58% (95% CI, 43%-72%) and was 77% (95% CI, 62%-
87%) in placebo patients. The total number of such events re-
ported in each group of patients receiving NTCD-M3 ranged
from 64 to 70 events compared with 97 events in placebo pa-
tients. From weeks 6 through 26, patients reported few diar-
rhea-type events (combined NTCD-M3 groups, 7% [95% CI, 4%-
13%] and placebo, 5% [95% CI, 1%-15%]), but recurrent CDI was
not recorded.

Study drug was discontinued because of an adverse event
in 7% of patients receiving placebo and 3% of combined pa-
tients receiving NTCD-M3. For placebo, reasons for discon-
tinuation were clostridial infection (n=2) and diarrhea (n=1);
for NTCD-M3, reasons were clostridial infection (n=2), femur
fracture (n=1), and migraine (n=1).

Serious treatment-emergent adverse events were re-
ported in 7% (95% CI, 2%-19%) of patients receiving placebo
and 3% (95% CI, 1%-8%) of combined patients receiving
NTCD-M3. For patients receiving placebo, serious treatment-
emergent adverse events were all clostridial infections (n=3);
for patients receiving NTCD-M3, treatment-emergent ad-
verse events were clostridial infection, angina, arthralgia, and
femur fracture/sepsis/renal failure. Two patients died: 1 pa-
tient receiving placebo who had CDI and respiratory failure and
1 patient receiving NTCD-M3 (107 spores/d for 14 days) who had
renal failure and pulmonary sepsis. No serious adverse events,
including those associated with death, were considered to be
related to study drug.

Microbiology
Results of stool culture for toxigenic C difficile and NTCD are
shown in Table 3 (eFigure 1 in Supplement 1) from day 1 through
week 26 and demonstrate high rates of colonization with toxi-
genic C difficile at weeks 1 and 2 in placebo patients (63%; 95%
CI, 48%-76%) and with NTCD in patients receiving NTCD-M3
(69%; 95% CI, 59%-75%). Typing demonstrated that 189 of 196
(96%; 95% CI, 93%-98%) of these NTCD isolates were NTCD-M3.
For NTCD isolates obtained only from patients receiving
NTCD-M3, 188 of 190 (99%; 95% CI, 96%-100%) were NTCD-M3.
In patients receiving NTCD-M3, colonization declined with time
and was not detected after week 22. Toxigenic C difficile was
detected in 0% to 5% of all patients at week 26. Four placebo
patients had NTCD in their stool, of which 1 was NTCD-M3. Two
patients receiving NTCD-M3 had NTCD in their stool on day 1
and both were NTCD-M3.

Colonization with NTCD occurred in 69% (95% CI, 60%-
76%) of patients receiving NTCD-M3, 71% (95% CI, 61%-80%)
receiving 107 spores/d and 63% (95% CI, 48%-76%) receiving
104 spores/d from end of treatment to week 6. During the pe-
riod from day 1 to 6 weeks, 72 of 84 patients (86%; 95% CI, 77%-
92%) were colonized at the dosage of 107 spores/d and 28 of
41 (68%; 95% CI, 53%-80%) at the dosage of 104 spores/d of
NTCD-M3. Administering 107 spores for 14 days compared with
7 days resulted in colonization during treatment of 73% vs 79%,
respectively, and colonization following treatment of 71% vs
72%, respectively. Additional antibiotic use (Table 1 and eTable
2 in Supplement 1) occurred in 25 patients receiving NTCD-M3
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and did not result in reduced NTCD colonization following
NTCD-M3 administration (84% [95% CI, 65%-94%] coloniza-
tion with antibiotics vs 65% [95% CI, 55%-74%] without anti-
biotics).

The incidence of toxigenic C difficile in stool on day 1 (first
day after antibiotic treatment) ranged from 14% (95% CI, 7%-
27%) with placebo to 29% (95% CI, 18%-44%) with NTCD-M3,
104 spores/d for 7 days. Detection of NTCD during administra-
tion of NTCD-M3 for patients who had toxigenic C difficile de-
tected at day 1 occurred in 12 of 30 patients (40%; 95% CI, 25%-

58%) and for patients in whom toxigenic C difficile was not
detected on day 1 occurred in 74 of 95 patients (78%; 95% CI,
69%-85%). The detection of toxigenic C difficile on day 1 was
23% to 37% in patients treated with metronidazole vs 0% to
11% in those treated with vancomycin. Detection of NTCD in
the combined groups receiving NTCD-M3 who were treated
with metronidazole vs vancomycin was 61% (95% CI, 50%-
72%) vs 79% (95% CI, 60%-90%) during treatment and 61%
(95% CI, 50%-72%) vs 82% (95% CI, 64%-92%) following treat-
ment, respectively.

Table 1. Baseline Characteristics of the Study Groups

Characteristics

No. (%) of Participantsa

Placebo
(n = 43)

NTCD-M3 Dosage
104 Spores/d
for 7 d
(n = 41)

107 Spores/d
for 7 d
(n = 43)

107 Spores/d
for 14 d
(n = 41)

CDI qualifying episode data

Age, median (range), y 58 (18-90) 58 (22-89) 58 (21-94) 64 (20-90)

≥65 y 14 (33) 17 (41) 16 (37) 18 (44)

Female 26 (61) 26 (63) 24 (56) 28 (68)

Race

White 40 (93) 40 (98) 38 (88) 37 (90)

Black 3 (7) 1 (2) 4 (9) 2 (5)

Other 0 0 1 (2) 2 (5)

Primary CDI episode 35 (81) 34 (83) 38 (88) 32 (78)

First CDI recurrence 8 (19) 7 (17) 5 (12) 9 (22)

Location at CDI onset

Inpatient 12 (28) 6 (15) 13 (30) 9 (22)

Outpatient 31 (72) 35 (85) 30 (70) 32 (78)

Method of laboratory diagnosis

Stool EIA toxin assay 12 (28) 19 (46) 18 (42) 18 (44)

Stool cellular cytotoxicity
toxin assay

3 (7) 1 (2) 2 (5) 0

Stool PCR for toxigenic C difficile 28 (65) 23 (56) 25 (58) 24 (59)

Colonic pseudomembranes on
endoscopy or at surgery

2 (5) 1 (2) 1 (2) 0

Maximum No. of unformed stools
within 24-h periodb

Mean (SD) 8.5 (5.7) 9.9 (7.4) 9.2 (7.6) 9.4 (4.8)

Median (range) 6.0 (3-30) 8.0 (3-40) 7.0 (3-50) 9.0 (3-24)

≥10 Unformed stools in 24 h 10 (23) 12 (29) 11 (26) 13 (32)

Highest white blood cell count,
103/μLb

n=33 n=31 n=37 n=35

Mean (SD) 11.9 (6.2) 10.7 (4.5) 11.8 (5.7) 13.2 (6.7)

Median (range) 11.0 (1-33) 10.1 (4-26) 10.8 (4-27) 11.4 (5-38)

Severe CDI (white blood cell count
≥15 000/μL or ≥10 stools in 24 h)

19 (44) 24 (59) 22 (51) 24 (59)

CDI treatment

Metronidazole only 26 (60) 30 (73) 23 (53) 22 (54)

Vancomycin only 6 (14) 6 (15) 9 (21) 13 (32)

Metronidazole + vancomycin 11 (26) 5 (12) 11 (26) 6 (15)

Positive stool culture for toxigenic
C difficile prior to NTCD-M3 treatment

6 (14) 12 (29) 9 (21) 9 (22)

Other treatment during trial

Additional antimicrobial usec 8 (19) 6 (15) 9 (21) 10 (24)

Concomitant proton pump
inhibitor used

13 (30) 19 (46) 13 (30) 15 (37)

Concomitant probiotic use 0 1 (2) 0 0

Abbreviations: CDI, Clostridium
difficile infection; EIA, enzyme
immunoassay; NTCD-M3,
nontoxigenic C difficile strain M3;
PCR, polymerase chain reaction.
a Data are expressed as No. (%) of

participants unless otherwise
indicated.

b During the qualifying episode of
CDI, for which symptoms started
within 28 days prior to
randomization.

c Any use of a systemic antibiotic for
any reason other than CDI at any
time during the study after day 1.

d Includes all proton pump inhibitors
used by patients during NTCD-M3
or placebo treatment.
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Of 72 patients who had toxin-positive C difficile geno-
typed by restriction endonuclease analysis, epidemic group BI
(also known as NAP1) was found in 25%. Colonization rates of
NTCD-M3 were 56% (9/16; 95% CI, 33%-77%) for patients with
the BI strain of C difficile and 60% (24/40; 95% CI, 45%-74%)
for patients with non-BI strains. Recurrence rates of CDI were
19% (3/16; 95% CI, 7%-43%) for patients with the BI strain and
18% (7/40; 95% CI, 9%-32%) for patients with non-BI strains.

CDI Recurrence
Clostridium difficile infection recurrence was 30% in patients
receiving placebo compared with 11% in all patients receiving
NTCD-M3 (odds ratio [OR], 0.28; 95% CI, 0.11-0.69; P = .006)

(Table 4). Similarly, use of antibacterial treatment for recur-
rent CDI (reflecting investigators’ assessment of need for clini-
cal intervention) was reduced from 33% in patients receiving
placebo to 14% in all patients receiving NTCD-M3 (OR, 0.32; 95%
CI, 0.14-0.75; P = .009). Incidence of CDI recurrence was re-
duced by at least half in each NTCD-M3 group and was lowest
(5%) in the group receiving 107 spores/d for 7 days (OR, 0.1; 95%
CI, 0.0-0.6; P = .01 vs placebo) (eFigure 2 in Supplement 1).
Among all patients who received NTCD-M3, CDI recurrence was
2% for patients who became colonized with NTCD vs 31% for
those not colonized (OR, 0.01; 95% CI, 0.00-0.05; P < .001). The
latter CDI recurrence of 31% was similar to the recurrence of
30% in placebo patients. Recurrence of CDI correlated with

Table 3. Summary of Positive Stool Clostridium difficile Cultures

Participants, No./Total (%)

Placebo NTCD-M3, 104 Spores/d for 7 d NTCD-M3, 107 Spores/d for 7 d NTCD-M3, 107 Spores/d for 14 d
Culture Positive,
Toxin Negative
(NTCD)

Culture Positive,
Toxin Positive

Culture Positive,
Toxin Negative
(NTCD)

Culture Positive,
Toxin Positive

Culture Positive,
Toxin Negative
(NTCD)

Culture Positive,
Toxin Positive

Culture Positive,
Toxin Negative
(NTCD)

Culture Positive,
Toxin Positive

Treatment
perioda

Day 1 0 6/43 (14) 1/41 (2) 12/41 (29) 0 9/43 (21) 1/41 (2) 9/41 (22)

Week 1 0 22/42 (52) 21/39 (54) 17/39 (44) 34/42 (81) 4/42 (10) 26/39 (67) 8/39 (21)

Week 2 0 26/41 (63) 18/38 (47) 12/38 (32) 25/40 (63) 5/40 (13) 28/40 (70) 4/40 (10)

Week 3 1/40 (3) 22/40 (55) 21/38 (55) 8/38 (21) 25/39 (64) 4/39 (10) 23/38 (61) 6/38 (16)

Week 6 4/39 (10) 13/39 (33) 14/39 (36) 2/39 (5) 20/41 (49) 4/41 (10) 10/37 (27) 7/37 (19)

Follow-upa

Week 10 1/39 (3) 9/39 (23) 2/39 (5) 4/39 (10) 13/41 (32) 2/41 (5) 6/37 (16) 5/37 (14)

Week 14 0 5/39 (13) 0 3/39 (8) 7/41 (17) 2/41 (5) 2/37 (5) 2/37 (5)

Week 18 0 3/39 (8) 0 1/39 (3) 4/41 (10) 3/41 (7) 0 2/37 (5)

Week 22 0 4/39 (10) 0 1/39 (3) 2/41 (5) 2/41 (5) 0 2/37 (5)

Week 26 0 1/39 (3) 0 1/39 (3) 0 0 0 2/37 (5)

Abbreviations: NTCD, nontoxigenic C difficile; NTCD-M3, nontoxigenic C difficile
strain M3.
a The first 2 weeks were the NTCD-M3 or placebo treatment period. End of

treatment to week 6 was the period used to assess NTCD-M3 colonization,

and weeks 10 to 26 were the follow-up period. Detection of NTCD partially
replaces detection of toxigenic C difficile in NTCD-M3 treatment groups but is
transient and is not detectable after week 22 of follow-up.

Table 2. Safety Summary

Adverse Events in Intention-to-Treat
Safety Population

No. (%) of Participants

Placebo
(n = 43)

NTCD-M3 Dosage
104 Spores/d
for 7 d
(n = 41)

107 Spores/d
for 7 d
(n = 43)

107 Spores/d
for 14 d
(n = 41)

All
(n = 125)

≥1 Treatment-emergent
adverse eventa

37 (86) 33 (80) 34 (79) 31 (76) 98 (78)

Diarrheab 26 (60) 20 (49) 20 (47) 17 (41) 57 (46)

Abdominal pain 14 (33) 6 (15) 6 (14) 9 (22) 21 (17)

Flatulence 7 (16) 7 (17) 8 (19) 6 (15) 21 (17)

Headache 1 (2) 6 (15) 3 (7) 3 (7) 12 (10)

Investigator-reported
clostridial infectionc

9 (21) 3 (7) 2 (5) 4 (10) 9 (7)

Nausea 3 (7) 4 (10) 3 (7) 2 (5) 9 (7)

Dyspepsia 3 (7) 1 (2) 2 (5) 4 (10) 7 (6)

Discontinuation owing to an
adverse event

3 (7) 1 (2) 1 (2) 2 (5) 4 (3)

≥1 Serious treatment-emergent
adverse eventd

3 (7) 1 (2) 1 (2) 2 (5) 4 (3)

Deaths 1 (2) 0 0 1 (2) 1 (1)

Abbreviation: NTCD-M3,
nontoxigenic Clostridium difficile
strain M3.
a Events reported in at least 5% of all

patients receiving NTCD-M3
occurring during treatment and
within 7 days after treatment.

b Events that are coded as diarrhea
include soft stools, loose stool, and
watery stool in addition to various
types of diarrhea.

c Events reported by investigator as
C difficile infection (CDI), CDI
recurrence, etc; however, this does
not necessarily indicate that the
events met the protocol definition
of CDI.

d See Methods section of text
for definition of serious
treatment-emergent
adverse events.
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presence of toxigenic C difficile on day 1. Among all patients
who received NTCD-M3, CDI recurrence was 27% for patients
with day 1 toxin-positive C difficile and 6% for those without
day 1 toxin-positive C difficile. Recurrence of CDI for multiple
subgroups is shown in eTable 3 in Supplement 1.

Discussion
The primary end point of this study was safety and tolerabil-
ity. Patients receiving NTCD-M3 had few safety issues com-
pared with those receiving placebo, consistent with observa-
tions in phase 1 volunteers.9 Serious treatment-emergent
adverse events were reported in 7% of patients receiving pla-
cebo and in 3% of all patients who received NTCD-M3. The only
adverse event occurring more often in patients receiving
NTCD-M3 was mild to moderate headache, which was consid-
ered unrelated to study drug in almost all cases. Study drug
was discontinued because of an adverse event in 7% of pa-
tients receiving placebo and 3% of all of patients receiving
NTCD-M3.

Colonization of the gastrointestinal tract by NTCD occurs
commonly in hospitalized patients, presumably as a result of
ingestion of spores from the hands of health care workers or
elsewhere in the environment.8 One hospital study found
that 88 (46%) of 192 asymptomatic patients with C difficile
colonization carried NTCD and that colonization with C diffi-
cile was associated with lower CDI rates compared with
patients who were not colonized.8 Studies in hamsters and 2

patients suggested that colonization with NTCD could pre-
vent toxigenic C difficile infection.10-12 Subsequent hamster
studies demonstrated long-term protection against toxigenic
C difficile challenge using NTCD isolates (including the M3
strain used in this study) that were obtained from hospital-
ized patients, identified using restriction endonuclease
analysis typing, and selected for their high frequency of iso-
lation from patients.13,14

The mechanism by which NTCD prevents recurrent CDI is
not known; however, there may be an association with the pres-
ence of NTCD in the stool (colonization) with reduced infec-
tion from toxigenic C difficile and in animal models with pre-
vention of CDI when challenged with toxigenic strains.11-14 The
most likely hypothesized mechanism of action of NTCD-M3 is
that it occupies the same metabolic or adherence niche in the
gastrointestinal tract as does toxigenic C difficile and, once es-
tablished, is able to outcompete resident or newly ingested toxi-
genic strains.

The NTCD-M3 dosage of 107 spores/d for 7 days had a lower
recurrence than the dosage of 107 spores/d for 14 days. It is pos-
sible that there is no recurrence difference between these 2 dos-
age durations and that the extra 7 days of dosing is unneces-
sary, but additional studies are necessary to confirm this
finding. For each dosage duration, the difference in recur-
rence was similar for patients who became colonized with
NTCD-M3, but for those who did not become colonized, only
1 (8%) of 12 receiving the 7-day course had a recurrence,
whereas for the 14-day course, 6 (50%) of 12 had a recurrence
(Table 4).

Table 4. CDI Recurrence Within 6 Weeks as Defined by Diarrhea Criteria and by Investigator Decision
to Re-treat for Recurrent CDI

Events in Intention-to-Treat
Safety Population

Placebo
(n = 43)

NTCD-M3 Dosage
104 Spores/d
for 7 d
(n = 41)

107 Spores/d
for 7 d
(n = 43)

107 Spores/d
for 14 d
(n = 41)

All
(n = 125)

CDI recurrence, No. (%) 13 (30) 6 (15) 2 (5) 6 (15) 14 (11)

Unadjusted comparison
with placebo, P valuea

.09 .002 .09 .003

Adjusted comparison
with placebob

Odds ratio (95% CI) 0.4 (0.1-1.2) 0.1 (0.0-0.6) 0.4 (0.1-1.2) 0.28 (0.11-0.69)

P value .11 .01 .10 .006

Use of antibacterial treatment
for CDI, No. (%)

14 (33) 6 (15) 4 (9) 7 (17) 17 (14)

Unadjusted comparison
with placebo, P valuea

.05 .008 .10 .006

Adjusted comparison
with placebob

Odds ratio (95% CI) 0.3 (0.1-1.1) 0.2 (0.1-0.8) 0.4 (0.1-1.3) 0.32 (0.14-0.75)

P value .07 .02 .14 .009

CDI recurrence based on NTCD
colonization, No./total (%)c

Colonized with NTCD 0/4 (0) 1/26 (4) 1/31 (3) 0/29 (0) 2/86 (2)d

Not colonized with NTCD 13/39 (33) 5/15 (33) 1/12 (8) 6/12 (50) 12/39 (31)d

CDI recurrence based on presence
of toxin-positive C difficile
on day 1, No./total (%)

Day 1 toxin-positive C difficile 1/6 (17) 3/12 (25) 2/9 (22) 3/9 (33) 8/30 (27)

No day 1 toxin-positive
C difficile

12/37 (32) 3/29 (10) 0/34 (0) 3/32 (9) 6/95 (6)

Abbreviations: CDI, Clostridium
difficile infection; NTCD, nontoxigenic
C difficile; NTCD-M3, nontoxigenic
C difficile strain M3.
a Treatment comparison with placebo

using 2-sided χ2 test at a
significance level of P = .05.

b Logistic regression model analysis
adjusting for relevant covariates:
use of metronidazole, use of
vancomycin, and primary episode vs
first recurrence for odds ratios, 95%
CIs, and the corresponding P values
for model-adjusted treatment
comparison with placebo. Odds
ratios of less than 1 indicate a lower
risk in NTCD-M3 dosage groups
compared with placebo.

c Colonization was defined as NTCD
in stool culture at any time after
the end of study drug therapy to
week 6.

d Recurrence rate of 2% vs 31% is
significantly different (odds ratio,
0.01; 95% CI, 0.00-0.05; P < .001)
for colonized vs not colonized with
NTCD.
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Colonization with NTCD in this study correlated with re-
duced recurrence of CDI. Recurrence of CDI in patients colo-
nized with NTCD who received NTCD-M3 was 2% compared
with 31% in patients who were not colonized. Detection of
NTCD both during and after NTCD-M3 administration was
lower for patients who had toxigenic C difficile detected in stool
on day 1, suggesting a possible competition for colonization
between toxigenic strains already present and newly admin-
istered NTCD. Detection of toxigenic C difficile in stool on day
1 was more frequent in metronidazole-treated vs vancomycin-
treated patients. More residual positive toxigenic C difficile cul-
tures following treatment with metronidazole may be a re-
sult of increased absorption of metronidazole as diarrhea
resolves, whereas nonabsorbed vancomycin levels remain high
throughout treatment and for several days thereafter.16,17 A re-
cent large treatment trial comparing metronidazole with van-
comycin found vancomycin to be superior to metronidazole
for clinical cure of all patients with CDI, a finding previously
limited to patients with severe CDI.18,19

Recurrence of CDI in patients receiving NTCD-M3 (11%) was
significantly lower compared with placebo and was lowest in
the group receiving 107 spores/d for 7 days (5%), a reduction simi-
lar to that observed with an intravenous monoclonal antibody–
based approach.3 Lowy et al3 used monoclonal antibodies di-
rected against toxin A and toxin B as an adjunct to antibiotic
treatment of CDI and showed a reduction in CDI recurrence from
25% (with placebo) to 7% (P < .001) in a phase 2 trial of 200 pa-
tients. Both monoclonal antibodies and NTCD-M3 appear to be
rapidly effective but are not likely to provide long-lived protec-
tion against CDI because passive antibody levels wane with time
and NTCD-M3 colonization is transient. However, loss of
NTCD-M3 colonization presumably occurs as a result of resto-
ration of the normal microbiota, which may then provide pro-
tection against subsequent CDI.

New antimicrobial treatment following loss of coloniza-
tion by NTCD would almost certainly place patients at risk of
CDI again if they encountered a toxigenic strain of C difficile.
Injectable CDI antitoxin vaccines that are in clinical develop-
ment could provide more durable protection but require weeks
to months to mount an antibody response, especially in el-
derly people.6 Colonization with NTCD-M3 in patients at high
risk of CDI or recurrent CDI could provide transient protec-

tion to allow time for a more permanent vaccine to become ef-
fective. Furthermore, NTCD-M3 colonization appeared to elimi-
nate toxigenic C difficile, which could reduce risk of C difficile
transmission in high-risk environments such as hospitals and
nursing homes, an effect that is unlikely with current anti-
toxin vaccines or monoclonal antibodies that do not affect colo-
nization.

The possibility that NTCD could acquire toxin genes in vivo
from toxigenic strains of C difficile has been a concern. Trans-
fers of the pathogenicity locus, which contains toxin A/B genes,
to NTCD has been accomplished in vitro in the laboratory.20

The toxigenic strain 630Δerm was used as a donor strain to
transfer the pathogenicity locus to 3 NTCD strains at a fre-
quency of approximately 7.5 × 10−9 transconjugants per do-
nor. Various large fragments of DNA that contained the patho-
genicity locus were transferred, and production of functional
toxin B by one of the transconjugants was demonstrated.20

These in vitro transfer observations raise concern that trans-
fers could occur in vivo, although this has not been demon-
strated. Nonetheless, they reinforce the importance of elimi-
nation of toxigenic C difficile with treatment where possible
to minimize any chance of in vivo conjugation and pathoge-
nicity locus transfer.

This study has a number of limitations. Overall, the sample
size was small, so many of the findings should be confirmed
in larger studies. There were numerous secondary outcomes,
and since no correction was made for multiple comparisons,
these findings should be considered preliminary. This study
did not stratify for various risk factors for CDI, and larger stud-
ies may benefit from doing so. Multivariable analyses based
on risk factors in a larger study will be feasible. There is also a
need to better define the effect of concomitant and posttreat-
ment antibiotics (by class, timing, dosage, and duration).

Conclusions
Among patients with CDI who clinically recovered following
treatment with metronidazole or vancomycin, oral adminis-
tration of spores of NTCD-M3 was well tolerated and ap-
peared safe. The NTCD-M3 strain colonized the gastrointesti-
nal tract and significantly reduced CDI recurrence.
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