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BACKGROUND
Current therapies for recurrent Clostridioides difficile infection do not address the 
disrupted microbiome, which supports C. difficile spore germination into toxin-
producing bacteria. SER-109 is an investigational microbiome therapeutic composed 
of purified Firmicutes spores for the treatment of recurrent C. difficile infection.

METHODS
We conducted a phase 3, double-blind, randomized, placebo-controlled trial in 
which patients who had had three or more episodes of C. difficile infection (inclu-
sive of the qualifying acute episode) received SER-109 or placebo (four capsules 
daily for 3 days) after standard-of-care antibiotic treatment. The primary efficacy 
objective was to show superiority of SER-109 as compared with placebo in reducing 
the risk of C. difficile infection recurrence up to 8 weeks after treatment. Diagnosis 
by toxin testing was performed at trial entry, and randomization was stratified 
according to age and antibiotic agent received. Analyses of safety, microbiome 
engraftment, and metabolites were also performed.

RESULTS
Among the 281 patients screened, 182 were enrolled. The percentage of patients 
with recurrence of C. difficile infection was 12% in the SER-109 group and 40% in 
the placebo group (relative risk, 0.32; 95% confidence interval [CI], 0.18 to 0.58; 
P<0.001 for a relative risk of <1.0; P<0.001 for a relative risk of <0.833). SER-109 
led to less frequent recurrence than placebo in analyses stratified according to age 
stratum (relative risk, 0.24 [95% CI, 0.07 to 0.78] for patients <65 years of age and 
0.36 [95% CI, 0.18 to 0.72] for those ≥65 years) and antibiotic received (relative 
risk, 0.41 [95% CI, 0.22 to 0.79] with vancomycin and 0.09 [95% CI, 0.01 to 0.63] 
with fidaxomicin). Most adverse events were mild to moderate and were gastroin-
testinal in nature, with similar numbers in the two groups. SER-109 dose species 
were detected as early as week 1 and were associated with bile-acid profiles that 
are known to inhibit C. difficile spore germination.

CONCLUSIONS
In patients with symptom resolution of C. difficile infection after treatment with 
standard-of-care antibiotics, oral administration of SER-109 was superior to pla-
cebo in reducing the risk of recurrent infection. The observed safety profile of 
SER-109 was similar to that of placebo. (Funded by Seres Therapeutics; ECOSPOR 
III ClinicalTrials.gov number, NCT03183128.)
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C lostridioides difficile infection has 
been estimated to be associated with more 
than 460,000 cases of illness and 20,000 

deaths annually in the United States.1,2 Clinical 
outcomes remain suboptimal because current 
therapies do not address fundamental aspects of 
the two-phase life cycle of this pathogen or dis-
ease pathogenesis.3 Vancomycin and fidaxomicin 
lead to symptom relief by killing toxin-producing 
C. difficile bacteria that cause colonic inflamma-
tion and debilitating diarrhea.4,5 However, anti-
biotic agents do not kill C. difficile spores, which 
can rapidly germinate into toxin-producing veg-
etative bacteria after treatment discontinuation.3

The main risk factor for C. difficile infection is 
exposure to broad-spectrum antibiotics, which 
leads to compositional and functional changes in 
the gastrointestinal microbiome.6 Within healthy 
microbial communities, spore-forming bacteria 
of the phylum Firmicutes modulate the produc-
tion and consumption of metabolites that are 
important to host defense and colonization re-
sistance. For example, when concentrations of 
secondary bile acids exceed those of primary bile 
acids, C. difficile spore germination is inhibited. 
However, antibiotic-induced loss of beneficial 
Firmicutes bacteria leads to increases in primary 
bile-acid concentrations, which enables C. difficile 
spore germination and a cycle of recurrent dis-
ease.6,7 Other demographic risk factors include 
older age, female sex, the presence of coexisting 
conditions, use of proton-pump inhibitors, and 
a history of recurrence.8-11

A durable clinical response is dependent on 
the resilience of the microbiome — that is, the 
recovery of these beneficial resident bacteria af-
ter discontinuation of antibiotic treatment. Most 
recurrences occur within days to a few weeks 
after completion of an antibiotic regimen, during 
a “window of vulnerability” when antibiotic-
induced microbiome disruption facilitates C. diffi-
cile spore germination.12 Antibiotics are neces-
sary but not sufficient to achieve a sustained 
clinical response, thus highlighting the need for 
a two-pronged treatment approach that includes 
microbiome repair.13,14

Studies of fecal microbiota transplantation for 
recurrent C. difficile infection after antibiotic ther-
apy have shown proof of concept that the recov-
ery of bowel flora is associated with an improved 
clinical response.15,16 However, the range of effi-
cacy of fecal microbiota transplantation is wide, 
with lower cure rates observed in controlled 

trials than in open-label studies (i.e., 68% vs. 
83%).17 A more important issue is that fecal mi-
crobiota transplantation carries a risk of trans-
mission of undetected or emerging pathogens 
that may lead to hospitalization or death.18-21

SER-109, an investigational oral microbiome 
therapeutic composed of live purified Firmicutes 
bacterial spores, was developed to reduce the 
risk of C. difficile infection recurrence.14 We hy-
pothesized that these spore-forming bacteria 
would compete metabolically with C. difficile for 
essential nutrients, modulate bile-acid profiles 
to reestablish resistance to colonization, or have 
both of these effects. Here, we report the 8-week 
efficacy and safety results from a phase 3 trial 
involving patients with recurrent C. difficile infec-
tion, along with supportive microbiome engraft-
ment and metabolomic analyses.

Me thods

Trial Design and Oversight

We conducted ECOSPOR III (SER-109 versus Pla-
cebo in the Treatment of Adults with Recurrent 
Clostridium difficile Infection), a double-blind, pla-
cebo-controlled trial, in accordance with Good 
Clinical Practice guidelines at 56 U.S. and Cana-
dian sites from July 2017 through September 
2020. The protocol and amendments, available 
with the full text of this article at NEJM.org, 
were approved by institutional review boards at 
all trial sites. Written informed consent was 
obtained from trial participants at screening. 
The authors had full access to the data under 
statements of confidentiality. The authors vouch 
for the accuracy and completeness of the data 
and for the fidelity of the trial to the protocol.

Trial Participants and Procedures

The trial consisted of a screening period of ap-
proximately 3 weeks before randomization and 
an 8-week efficacy period after randomization, 
followed by a 16-week follow-up period. The trial 
included patients 18 years of age or older who 
had had three or more episodes of C. difficile in-
fection within 12 months, inclusive of the quali-
fying acute episode, which was defined as three 
or more unformed bowel movements over 2 con-
secutive days, a positive C. difficile toxin test, and 
resolution of symptoms while receiving 10 to 21 
days of standard-of-care antibiotic therapy. Pa-
tients were required to test positive for C. difficile 
toxin by enzyme immunoassay at a local certi-

A Quick Take 
is available at 
NEJM.org
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fied laboratory or by enzyme immunoassay or 
cell cytotoxicity neutralization assay at a central 
laboratory (Eurofins).

Patients were stratified according to age (<65 
or ≥65 years) and antibiotic received for C. difficile 
infection (vancomycin or fidaxomicin) before 
randomization. Patients were randomly assigned 
in a 1:1 ratio to receive SER-109 (approximately 
3×107 spore colony-forming units) or placebo ad-
ministered as four matching oral capsules once 
daily over 3 consecutive days. Because vancomycin 
and fidaxomicin can persist for up to 5 to 7 days 
after discontinuation, 10 ounces of magnesium 
citrate was administered the night before treat-
ment to limit inactivation of SER-109 dose species 
(i.e., species of bacteria present in SER-109).12 
Patients were monitored after randomization for 
8 weeks for recurrence, which was defined as 
onset of three or more unformed bowel move-
ments per day over 2 consecutive days, a positive 
C. difficile stool toxin assay (enzyme immunoas-
say or cell cytotoxicity neutralization assay), an 
assessment by the investigator that treatment 
was warranted, and persistence of diarrhea until 
antibiotic treatment was initiated. Adverse events 
were evaluated during clinic visits at weeks 2 
and 8 and with telephone calls at weeks 1 and 
3 through 7. Patients reported solicited adverse 
events using diary cards for 7 days after comple-
tion of the course of SER-109 or placebo. Al-
though the trial had a planned sample size of 
188 patients, the last patient underwent random-
ization on April 13, 2020, after 182 patients had 
been enrolled, because of the coronavirus disease 
2019 (Covid-19) pandemic.

Stool specimens for whole metagenomic se-
quencing and targeted bile-acid analyses were 
obtained at baseline (within 3 days after comple-
tion of the antibiotic regimen) and at weeks 1, 2, 
and 8. Full details of the trial design are provided 
in the protocol and statistical analysis plan.

Manufacture and Characterization of SER-109

The donor screening program and manufactur-
ing program were reviewed by the Food and 
Drug Administration and are consistent with 
their recent publication.22 Before donating stool, 
four donors underwent an extensive health ex-
amination, including personal and family medi-
cal history, laboratory chemical and hematologic 
screening, urinalysis, and viral, bacterial, and 
parasite testing of blood and stool; donated 

stool was obtained before December 1, 2019.14 
Donors completed physical examinations, ques-
tionnaires, and laboratory testing during and 
after the donation period before material was 
released for manufacturing. Capsules were pro-
duced in accordance with Good Manufacturing 
Practice regulations, including clearance of vege-
tative (non–spore form) bacteria, fungi, parasites, 
and viruses through solvent treatment and by 
sequential purification steps and bioburden test-
ing.14 The taxonomic composition of the bacteria 
identified in SER-109 is shown in Table S3 in the 
Supplementary Appendix, available at NEJM.org.

Prespecified Efficacy, Safety, and Microbiome 
End Points

The primary efficacy objective was to show the 
superiority of SER-109 as compared with placebo 
in reducing the risk of C. difficile infection recur-
rence up to 8 weeks after dosing (the primary 
efficacy end point). Patients whose condition did 
not meet the criteria for recurrent C. difficile in-
fection were considered to have a sustained clini-
cal response. The safety and the acceptability of 
the side-effect profile of SER-109 as compared 
with placebo were evaluated up to 8 weeks after 
dosing.

Exploratory microbiome-related analyses in-
cluded evaluations of changes in species compo-
sition and bile-acid concentrations in the SER-109 
group as compared with the placebo group from 
baseline to weeks 1, 2, and 8 after dosing. En-
graftment was defined as the number of SER-109 
dose species detected in post-treatment speci-
mens that had not been present at baseline. 
Engraftment was evaluated with the use of spe-
cies profiles generated from whole metagenomic 
sequencing, and stool bile-acid concentrations 
were measured by means of liquid chromatogra-
phy–mass spectrometry.

Statistical Analysis

Efficacy analyses were performed in the intention-
to-treat population, which included all patients 
who underwent randomization. Because of the 
logistics of delivering drug or placebo at some 
trial sites, the interactive response system was 
programmed in a blinded fashion to allow ran-
domization to skip the original assignment on 
the basis of the available site supply, which oc-
curred for six patients (see the Supplementary 
Appendix). However, in the intention-to-treat 
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analysis, these patients were analyzed according 
to the intended assignment rather than the drug 
received. Safety was assessed in the as-treated 
population.

Patients who were lost to follow-up, discon-
tinued participation in the trial prematurely, or 
died without a recurrence of C. difficile infection 
before 8 weeks after treatment were defined as 
having a C. difficile infection recurrence. For the 
primary efficacy end point, two null hypotheses 
were tested sequentially at the two-sided 0.05 α 
level; if the null hypothesis that the relative risk 
would be greater than or equal to 1.0 was re-
jected, then a null hypothesis that the relative 
risk would be greater than or equal to 0.833 was 
tested. The primary efficacy analysis was per-
formed with the use of the Cochran–Mantel–
Haenszel test of the relative risk with SER-109 as 
compared with placebo, stratified according to 
age (<65 years or ≥65 years) and previous anti-
biotic regimen for the qualifying episode (vanco-
mycin or fidaxomicin). For the primary end point, 
P values and confidence intervals are reported. 
For other end points, the confidence intervals 
are reported without adjustment for multiplicity. 
The logarithm of the Cochran–Mantel–Haenszel 
estimate of the common relative risk is approxi-
mately normal, and the variance estimate was 
based on the method of Greenland and Robins.23

In addition, as a post hoc analysis, primary 
efficacy was analyzed with the use of multiple 
imputation rather than with the imputation of 
C. difficile infection recurrence that was prespeci-
fied in the statistical analysis plan. The imputa-
tion was performed 100 times with the distribu-
tion within each group. The multivariate model 
for multiple imputation included age (<65 years 
or ≥65 years), sex (male or female), number of 
C. difficile infection episodes (two, three, or more 
than three), antibiotic regimen (vancomycin or 
fidaxomicin), and use of proton-pump inhibitors 
(yes or no). After each imputation, Cochran–
Mantel–Haenszel methods were used to perform 
an efficacy analysis, and estimates from each 
imputation were combined with the use of Ru-
bin’s rule.24

Microbiome compositional and targeted me-
tabolomic analyses for primary and secondary 
bile acids were performed in the safety popula-
tion. Specimens that passed quality control (see 
the Supplementary Appendix) and paired base-
line and post-treatment specimens were included 

in the analysis. The distributions of engraftment 
and secondary bile-acid measurements within 
each group are presented with nonparametric 
median and interquartile range statistics.

R esult s

Patient Population

Of the 281 patients who were screened, 182 were 
enrolled, underwent randomization, and were 
included in the intention-to-treat efficacy and 
safety population. The mean age of the enrolled 
patients was 65.5 years, 93% were White, and 
99% were outpatients. Demographic characteris-
tics and risk factors for C. difficile infection were 
balanced between the groups, although women 
made up a larger percentage of patients in the 
SER-109 group than in the placebo group (67% 
and 53%, respectively) (Table 1). Of the 182 en-

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline 
(Intention-to-Treat Population).*

Characteristic
SER-109 
(N = 89)

Placebo 
(N = 93)

Age — yr 65.6±16.5 65.5±16.7

Age group — no. (%)

<65 years 41 (46) 38 (41)

≥65 years 48 (54) 55 (59)

Female sex — no. (%) 60 (67) 49 (53)

Race or ethnic group — no. (%)†

Asian 1 (1) 0

Black 4 (4) 4 (4)

White 82 (92) 88 (95)

Other 2 (2) 1 (1)

Hispanic or Latino

Yes 5 (6) 6 (6)

No 84 (94) 87 (94)

Episodes of C. difficile infection, including 
 qualifying episode — no. (%)

3 49 (55) 61 (66)

≥4 39 (44) 32 (34)

Missing data 1 (1) 0

Previous antibiotic regimen — no. (%)

Vancomycin 64 (72) 69 (74)

Fidaxomicin 25 (28) 24 (26)

*  Plus–minus values are means ±SD. Demographic characteristics (with the 
exception of sex) and risk factors for Clostridioides difficile infection were bal-
anced between the groups.

†  Race and ethnic group were reported by the patients.
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rolled patients, 149 (82%) completed 8 weeks of 
follow-up. Five of the 89 patients (6%) in the 
SER-109 group and 28 of 93 (30%) in the placebo 
group withdrew before week 8. The most com-
mon reason for withdrawal from the trial was 

recurrence of C. difficile infection, which was 
more common in the placebo group than in the 
SER-109 group (24% and 3%, respectively) (Fig. 1).

Efficacy

The primary efficacy objective was met: SER-109 
was found to be superior to placebo in reducing 
the risk of C. difficile infection recurrence. The 
percentage of patients with recurrence was sig-
nificantly lower in the SER-109 group than in 
the placebo group (12% and 40%, respectively; 
relative risk, 0.32; 95% confidence interval [CI], 
0.18 to 0.58; P<0.001 for both hypotheses tested) 
(Fig. 2A). In the analysis of the alternative metric 
of sustained clinical response, 88% of the SER-109 
recipients were found to have a sustained clini-
cal response, as compared with 60% of the pla-
cebo recipients (Fig. 2B).

SER-109 also led to lower percentages of pa-
tients with C. difficile infection recurrence than 
did placebo in the age-stratified analysis (rela-
tive risk, 0.24 [95% CI, 0.07 to 0.78] among pa-
tients <65 years of age and 0.36 [95% CI, 0.18 to 
0.72] among those ≥65 years of age) and in the 
antibiotic-stratified analysis (relative risk, 0.41 
[95% CI, 0.22 to 0.79] among patients who took 
vancomycin and 0.09 [95% CI, 0.01 to 0.63] 
among those who took fidaxomicin) (Fig. 2C 
and 2D). However, more patients were treated 
with vancomycin than with fidaxomicin.

In addition, multiple imputation was used to 
impute primary end-point data for 9 patients with 
missing data (3 of 89 in the SER-109 group and 
6 of 93 in the placebo group). Estimates of pri-
mary efficacy when multiple imputation was 
used were consistent with those in the prespeci-
fied primary analysis (relative risk, 0.28; 95% CI, 
0.14 to 0.56; P<0.001 for both hypotheses tested).

All four lots of SER-109 led to less frequent 
recurrence than did placebo. However, the pow-
er to detect differences among SER-109 lots was 
limited by the small numbers of patients who 
received each lot (range, 12 to 33 patients).

Most recurrence events occurred rapidly, with 
onset as early as day 4 after randomization. Of 
the 48 recurrences that occurred in the overall 
trial population by week 8, a total of 36 (75%) 
occurred within 2 weeks and 41 (85%) occurred 
within 4 weeks after administration of SER-109 
or placebo.

Figure 1. Screening, Randomization, and Follow-up through 8 Weeks.

The intention-to-treat population was evaluated in the analysis of the primary 
efficacy objective. Other reasons for exclusion before randomization includ-
ed an inability to adhere to the protocol (5 patients), concurrent receipt of 
antibiotics for infection other than Clostridioides diff icile (5), inability to re-
ceive SER-109 or placebo within 4 days after completion of antibiotic therapy 
(5), admission to an intensive care unit (4), investigator discretion (2), ab-
sence of informed consent (2), suspected toxic megacolon or small-bowel 
ileus (1), gastrointestinal surgery within 3 months (1), history of fecal micro-
biota transplantation (1), and patient preference to continue receiving pro-
biotics (1). Three deaths occurred in the SER-109 group, all of which were 
reported by the investigator as being unrelated to SER-109; two of the pa-
tients had onset of fatal adverse events within the 8-week period after dos-
ing, but only one of these two patients died during that period (see the 
Supplementary Appendix).

182 Underwent randomization

281 Patients were assessed for eligibility

99 Were excluded (did not
meet eligibility criteria)

54 Did not have toxin test
or had a negative result

15 Had inadequate
response to antibiotics

7 Had insufficient number
of qualifying episodes of
C. difficile infection

6 Had inappropriate dose
or duration of antibiotic
treatment

27 Had other reason

89 Were assigned to receive SER-109 93 Were assigned to receive placebo

89 Were included in the intention-to-treat
population

93 Were included in the intention-to-treat
population

5 Did not complete 8 weeks
of follow-up

3 Had recurrence
1 Died
1 Had other reason

28 Did not complete 8 weeks
of follow-up

22 Had recurrence
4 Withdrew consent
2 Had adverse events
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Safety

No serious adverse events that were assessed by 
the site investigator as being related to SER-109 
were observed through week 8 (Table S1). Ad-
verse events that were related or possibly related 
to SER-109 or placebo occurred in slightly more 
than half of the patients in each group (Table 2). 

The most common adverse events were gastroin-
testinal disorders, the majority of which were 
mild to moderate in nature. Three deaths oc-
curred in the SER-109 group, none of which were 
deemed by the investigators, who were unaware 
of the trial-group assignments, to be drug-relat-
ed (Table 2 and the Supplementary Appendix).

Figure 2. Recurrence of C. diff icile Infection up to 8 Weeks (Intention-to-Treat Population).

End points up to 8 weeks after dosing are shown. The results of the primary efficacy analysis show superiority of 
SER-109 as compared with placebo in the reduction of the risk of C. diff icile infection recurrence (Panel A). Results 
of analyses with stratification according to age (Panel C) and antibiotic received (Panel D) are also shown. Relative 
risk is defined as the percentage of patients with recurrence in the SER-109 group divided by the percentage in the 
placebo group; analyses were performed with the Cochran–Mantel–Haenszel estimate of the common relative risk, 
stratified according to age group (<65 years or ≥65 years) and antibiotic regimen received for the qualifying acute 
episode (vancomycin or fidaxomicin). Panel B shows the analysis of sustained clinical response, defined as an ab-
sence of recurrence treated with antibiotics through 8 weeks. Patients who were lost to follow-up, who left the trial 
prematurely, or who died without a recorded recurrence before the end of 8 weeks were assumed to have had a re-
currence.

SER-109 Placebo

R
ec

ur
re

nc
e 

(%
)

100

80

90

70

60

40

30

10

50

20

0
SER-109 Placebo

C Recurrence According to Age D Recurrence According to Previous Antibiotic

A Recurrence in Overall Population

No. of Events
No. of Patients

Su
st

ai
ne

d 
R

es
po

ns
e 

(%
)

100

80

90

70

60

40

30

10

50

20

0
SER-109 Placebo

B Sustained Clinical Response

No. of Events
No. of Patients

Relative risk, 0.32 (95% CI, 0.18–0.58)
P<0.001

R
ec

ur
re

nc
e 

(%
)

100

80

90

70

60

40

30

10

50

20

0

No. of Events
No. of Patients

Relative risk, 0.24
(95% CI, 0.07–0.78)

Relative risk, 0.36
(95% CI, 0.18–0.72)

R
ec

ur
re

nc
e 

(%
)

100

80

90

70

60

40

30

10

50

20

0

78
89

56
93

88

60
Difference,

–28 percentage points
P<0.001

11
89

37
93

12

40

<65 Yr of Age ≥65 Yr of Age

Difference,
–24 percentage points

Difference,
–29 percentage points

3
41

12
39

8
48

25
54

31

7

46

17

10
64

26
69

1
25

11
24

Vancomycin Fidaxomicin

Difference,
–22 percentage points

Difference,
–42 percentage points

38

16

46

4

No. of Events
No. of Patients

Relative risk, 0.41 
(95% CI, 0.22–0.79)

Relative risk, 0.09 
(95% CI, 0.01–0.63)

The New England Journal of Medicine 
Downloaded from nejm.org at E-Library Insel on January 27, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 386;3 nejm.org January 20, 2022226

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Compositional and Metabolomic Changes  
in the Microbiome

Of the 182 patients, 29 were excluded from the 
metagenomic and metabolomic analyses because 

of missing specimens or protocol deviations. 
Engraftment of SER-109 dose species was seen 
by week 1 and persisted through week 8. The 
number of SER-109 dose species observed in the 

Table 2. Adverse Events through 8 Weeks (Safety Population).*

Adverse Event
SER-109 
(N = 90)

Placebo 
(N = 92)

no. of patients (%)

Any adverse event 84 (93) 84 (91)

Adverse event related or possibly related to SER-109 or placebo 46 (51) 48 (52)

Serious adverse event† 7 (8) 15 (16)

Adverse event of special interest that occurred or worsened after initiation  
of SER-109 or placebo

1 (1) 1 (1)

Serious adverse event or an adverse event of special interest that occurred  
or worsened after initiation of SER-109 or placebo and was related 
or possibly related to SER-109 or placebo

0 0

Serious adverse event leading to withdrawal from the trial 0 1 (1)

Adverse event leading to death‡ 2 (2) 0

Adverse events reported in ≥5% of patients

Gastrointestinal disorders 79 (88) 80 (87)

Flatulence 63 (70) 70 (76)

Abdominal distension 49 (54) 49 (53)

Abdominal pain 46 (51) 56 (61)

Constipation 28 (31) 22 (24)

Diarrhea 22 (24) 20 (22)

Nausea 16 (18) 30 (33)

Vomiting 3 (3) 10 (11)

General disorders and administration site conditions 57 (63) 65 (71)

Fatigue 53 (59) 58 (63)

Chills 21 (23) 22 (24)

Metabolism and nutrition disorders 28 (31) 36 (39)

Decreased appetite 26 (29) 34 (37)

Infections and infestations 18 (20) 14 (15)

Urinary tract infections 6 (7) 1 (1)

C. difficile colitis 1 (1) 7 (8)

Musculoskeletal and connective-tissue disorders 7 (8) 5 (5)

Nervous system disorders 7 (8) 4 (4)

Injury, poisoning, and procedural complications 4 (4) 6 (7)

Respiratory, thoracic, and mediastinal disorders 4 (4) 6 (7)

Renal and urinary disorders 3 (3) 5 (5)

*  Adverse events were coded with the use of the Medical Dictionary for Regulatory Activities, version 20.0. Adverse events 
of special interest included invasive infections such as bacteremia, meningitis, and abscess.

†  Many of the serious adverse events were related to the primary end point of recurrent C. difficile infection, which was 
more common in the placebo group than in the SER-109 group (see Table S1).

‡  Three deaths occurred in the SER-109 group, all of which were reported by the investigator as being unrelated to SER-
109; two of the patients had onset of fatal adverse events within the 8-week period after dosing, but only one of these 
two patients died during that period (see the Supplementary Appendix).
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placebo group gradually increased after week 1 
as a result of recovery of Firmicutes bacteria af-
ter discontinuation of antibiotic treatment; how-
ever, numbers of engrafting SER-109 dose spe-
cies remained higher among SER-109 recipients 
through week 8 (Fig. 3). In parallel, greater in-
creases in secondary bile acids from baseline 
were observed in the SER-109 group than in the 
placebo group at all time points through week 8 
(Table S2). Compositional changes after dosing 
with SER-109 as compared with placebo showed 
declines in proinflammatory Enterobacteriaceae 
bacteria and increases in Firmicutes bacteria, 
such as those in the families Ruminococcaceae 
and Lachnospiraceae (Fig. S1).

 Discussion

Clinical outcomes in recurrent C. difficile infec-
tion may be improved by using a two-pronged 
treatment approach: antibiotics to kill toxin-
producing bacteria followed by a microbiome 
therapeutic to inhibit C. difficile spore germina-
tion and bacterial replication through micro-
biome repair. In this trial, SER-109, an investiga-
tional oral live microbiome therapeutic, was 

superior to placebo in reducing the risk of 
C. difficile infection recurrence. The lower inci-
dence of recurrence achieved with SER-109 ad-
ministered after treatment with standard-of-care 
antibiotics represents a 68% lower risk than that 
with antibiotics alone and a number needed to 
treat of 3.6 to avoid one recurrence of C. difficile
infection. Sustained clinical response occurred 
in a higher percentage of patients in the SER-109 
group than in the placebo group (88% vs. 60%), 
which indicates the importance of microbiome 
repair in patients with a history of recurrence. 
Most recurrences of C. difficile infection during 
this 8-week time frame were observed within 
days to 2 weeks after the completion of anti-
biotic treatment, which highlights the need for 
early microbiome intervention.

The benefit of SER-109 as compared with 
placebo in patients with recurrent disease was 
also observed among age- and antibiotic-stratified 
groups. A reduction in the risk of recurrence 
among patients 65 years of age or older is clini-
cally important, since patients in this age group 
are at increased risk for recurrent disease and 
hospital readmission.25 SER-109 also reduced the 
risk of recurrence regardless of the selected anti-

Figure 3. Compositional and Metabolomic Changes in the Microbiome after Receipt of SER-109 or Placebo.

Box plots show the median (central notched horizontal line) and interquartile range (shaded box) in each group at each time point; I bars 
indicate the most extreme non-outlier values (within 1.5 times the interquartile range), and plus signs indicate outlier values (outside 
1.5 times the interquartile range). The number of engrafting dose species (Panel A) and the concentration of pooled secondary bile acids 
(Panel B) detected in patient stool specimens collected at baseline, week 1, week 2, and week 8 after receipt of SER-109 or placebo are 
shown. Species engraftment is defined as detection of species after treatment but not at baseline. The number of specimens available 
for analysis depended on the availability of baseline and post-treatment samples in addition to quality filtering. The figure shows observed 
data only. Multiple imputation was used in another analysis to impute any missing values (Fig. S2).
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biotic. Although fidaxomicin is viewed as less 
disruptive than vancomycin to microbial com-
munities, the higher percentages of recurrence 
in the fidaxomicin–placebo subgroup highlight 
the paradox of treating an antibiotic-associated 
disease, rooted in microbiome disruption, with 
antibiotics alone.26,27

Through week 8, SER-109 had an observed 
safety profile similar to that of placebo. No seri-
ous adverse events or deaths were considered to 
be drug-related. This observed safety profile of 
SER-109 might be expected, since spore-forming 
Firmicutes bacteria are abundant in healthy micro-
biomes.28 In addition, the SER-109 manufactur-
ing process delivers the effective microbial com-
ponents while mitigating risk of transmitting 
undetected or emerging pathogens, a difference 
from other fecal microbiota transplantation–like 
investigational products, which are reliant on 
donor screening alone.

Engraftment of spore-forming Firmicutes bac-
teria is a necessary first step for the production 
of microbe-associated metabolites, such as sec-
ondary bile acids, which inhibit C. difficile spore 
germination and vegetative growth.29,30 These 
compositional and functional changes reflect 
the pharmacokinetics and pharmacodynamics 
of this microbiome therapeutic.14 As expected, 
Firmicutes bacteria were gradually detected by 
week 8 among placebo recipients after discon-
tinuation of antibiotic treatment.31 However, mi-
crobiome recovery was slower and insufficient to 
prevent C. difficile infection recurrence among 
some patients in this group. In contrast, SER-109 
led to faster engraftment, enabling a more sus-
tained clinical response.

The durability of engraftment through week 8 
is an advantage of SER-109, since Firmicutes bac-
teria are a dominant component of the healthy 
microbiome.32 The bile-acid data support one 
potential mechanism of action for SER-109 and 
the validity of this purified spore–based thera-
peutic approach.33 Additional functional path-
ways are also under investigation, since micro-
biome therapeutics have the potential to affect 
multiple disease-relevant pathways because of the 
multifunctional ways in which these microbes 
interact with each other and the host.34 These 
clinical data will inform the design of investi-
gational cultivated microbiome therapeutics for 
C. difficile infection and other diseases.

Limitations of this trial include the low rep-
resentation of minority populations; it is unclear 
from the literature whether this is related to a 
low incidence of recurrent C. difficile infection 
among Black and Hispanic patients or due to 
other factors.4,35 The absence of a stool specimen 
before antibiotic treatment limits our under-
standing of the full effect of SER-109 on the 
preantibiotic microbiome. Strengths of the trial 
include the stringent diagnosis of C. difficile in-
fection, with toxin testing performed at trial 
entry and at a suspected recurrence, ensuring 
appropriate candidate selection and accuracy of 
the definition of recurrence.36,37 The primary ef-
ficacy results were consistent whether the pre-
specified imputation of C. difficile infection re-
currence or multiple imputation was used, most 
likely because of the low rates of loss to follow-
up or missing data. The trial population was 
restricted to patients who were at risk for recur-
rence (i.e., those with a recent acute infection 
and no prolonged use of vancomycin), in order 
to avoid artificial inflation of efficacy.38,39 Fur-
thermore, the analysis of the primary end point 
included 8 weeks of follow-up; if a shorter time 
frame had been used, 15% of recurrences would 
have been missed.

In patients with recurrent C. difficile infection, 
achievement of a sustained clinical response can 
be made more likely with a two-pronged treat-
ment paradigm of antibiotics followed by a 
microbiome therapeutic. SER-109 was superior 
to placebo in reducing the risk of recurrence, 
with an observed safety profile similar to that 
of placebo. We continue to collect data from our 
open-label study, SERES-013. Insights into the 
pharmacologic properties of this oral microbiome 
therapeutic have implications not only for treat-
ment of recurrent C. difficile infection but also for 
other diseases with pathogenesis that may be 
rooted in microbiome disruption.40
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