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Background. Although comorbidities are risk factors for recurrent Clostridioides difficile infection (rCDI), many clinical trials 
exclude patients with medical conditions such as malignancy or immunosuppression. In a phase 3, double-blind, placebo- 
controlled, randomized trial (ECOSPOR III), fecal microbiota spores, live (VOWST, Seres Therapeutics; hereafter “VOS,” 
formerly SER-109), an oral microbiota therapeutic, significantly reduced the risk of rCDI at week 8. We evaluated the efficacy of 
VOS compared with placebo in patients with comorbidities and other risk factors for rCDI.

Methods. Adults with rCDI were randomized to receive VOS or placebo (4 capsules daily for 3 days) following standard-of-care 
antibiotics. In this post hoc analysis, the rate of rCDI through week 8 was assessed in VOS-treated participants compared with 
placebo for subgroups including (i) Charlson comorbidity index (CCI) score category (0, 1–2, 3–4, ≥5); (ii) baseline creatinine 
clearance (<30, 30–50, >50 to 80, or >80 mL/minute); (iii) number of CDI episodes, inclusive of the qualifying episode (3 and 
≥4); (iv) exposure to non-CDI-targeted antibiotics after dosing; and (v) acid-suppressing medication use at baseline.

Results. Of 281 participants screened, 182 were randomized (59.9% female; mean age, 65.5 years). Comorbidities were common 
with a mean overall baseline age-adjusted CCI score of 4.1 (4.1 in the VOS arm and 4.2 in the placebo arm). Across all subgroups 
analyzed, VOS-treated participants had a lower relative risk of recurrence compared with placebo.

Conclusions. In this post hoc analysis, VOS reduced the risk of rCDI compared with placebo, regardless of baseline 
characteristics, concomitant medications, or comorbidities.
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Clostridioides difficile infection (CDI) is differentiated from 
many other bacterial infections due to its recurrent nature. 
Approximately 20%–25% of patients with primary infection ex
perience recurrent disease [1], and those with 2 or more 

recurrences have ≥40% risk of further episodes [2, 3]. The 
main risk factor for CDI is exposure to broad-spectrum antibi
otics, which cause collateral damage to beneficial microbes 
that normally reside within the gastrointestinal microbiome, 
our first line of host defense. Although C. difficile–targeted anti
biotics rapidly kill vegetative toxin-producing bacteria, they do 
not eradicate C. difficile spores that may germinate in a disrupted 
gastrointestinal microbiome, leading to recurrent infection [4].

Epidemiologic studies have identified a variety of demo
graphic risk factors for recurrent CDI (rCDI) including older 
age, female sex, Charlson comorbidity index (CCI) score, and 
medications, such as reexposure to broad-spectrum antibiotics, 
which further exacerbate microbiome disruption [5–10]. 
Elderly patients may have senescence of the microbiome, com
pounding the impact of antibiotic exposure due to lack of 
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resilience [11]. The underlying reason that females are at higher 
risk of recurrence is not well understood. Use of acid- 
suppressing medications (ASMs), particularly proton pump in
hibitors (PPIs), is also associated with increased risk of recur
rence [12, 13]. However, whether ASM use is an independent 
risk factor for recurrence is unclear from epidemiologic studies 
since these medications are often prescribed in older patients 
with comorbidities, who are also at risk for rCDI [14]. One of 
the greatest risk factors is a history of recurrence, with >40% 
of patients experiencing another episode on antibiotics alone 
[5], highlighting the importance of microbiome restoration in 
this patient subgroup.

Comorbidities, such as cardiovascular disease, renal insuffi
ciency, chronic obstructive pulmonary disease, cancer, immu
nosuppression, and other chronic diseases, have been 
strongly associated with increased risk of rCDI [8, 15–20]. 
The prevalence of these comorbidities may also contribute to 
the high rates of all-cause hospitalization and mortality ob
served within 30 to 90 days following rCDI, particularly in 
the elderly. Although patients with comorbidities are at high 
risk for recurrence, they are often excluded from clinical trials, 
particularly those with malignancy or immunosuppression.

Fecal microbiota spores, live (VOWST, Seres Therapeutics; 
formerly SER-109 and hereafter referred to as VOS for 
VOWST Oral Spores), a microbiota-based oral therapeutic 
comprised of Firmicutes bacterial spores, was developed to re
duce CDI recurrence. ECOSPOR III, a phase 3, double-blind, 
randomized trial, evaluated the safety and efficacy of VOS com
pared to placebo for treatment of patients with a history of 
rCDI. VOS was superior to placebo at week 8, the primary end
point achieving a 68% relative risk reduction in recurrence rates 
compared to those treated with placebo (12.4% vs 39.8%, re
spectively; relative risk, 0.32 [95% confidence interval, 
.18–.58; P < .001]) [21]. VOS was generally well tolerated and 
no serious adverse events were directly attributed to drug by 
the blinded investigators.

In a post hoc analysis, we assessed (i) the prevalence of co
morbidities and age-adjusted CCI scores in this high-risk pop
ulation of patients with a history of rCDI and (ii) the efficacy of 
VOS, compared to placebo, in subgroups of patients by antibi
otic and ASM use, and demographic and baseline characteris
tics that placed them at high risk of recurrence, including 
CCI score category.

METHODS

ECOSPOR III (NCT03183128) was a double-blind, random
ized, multicenter trial conducted at 56 US and Canadian sites 
from July 2017 to September 2020. The protocol and amend
ments were reviewed and approved by local or central investi
gational review boards, and participants provided written 
informed consent prior to screening.

The study included adults ≥18 years of age with ≥3 CDI ep
isodes within 12 months, inclusive of the qualifying acute epi
sode, which was defined as (i) ≥3 unformed bowel movements 
over 2 consecutive days; (ii) a positive C. difficile toxin test by 
enzyme immunoassay (EIA) or reflex cytotoxicity neutraliza
tion assay (CCNA); and (iii) symptom resolution after 10–21 
days of standard-of-care antibiotics. A full list of inclusion 
and exclusion criteria is published elsewhere [21].

In brief, patients were stratified by age (<65 or ≥65 years) 
and antibiotic received for their qualifying CDI (ie, vancomycin 
or fidaxomicin) and were randomly assigned 1:1 to VOS (ap
proximately 3 × 107 spore colony-forming units per day) or 
matching placebo administered as 4 oral capsules once daily 
over 3 consecutive days [21, 22]. Patients were instructed to 
take 296 mL (10 oz) of magnesium citrate or 250 mL of polyeth
ylene glycol 1 day prior to treatment initiation. Donor screen
ing and manufacturing of VOS are described elsewhere [21].

Endpoints

On-study CDI recurrence was determined by the presence of 3 
components: (i) ≥3 unformed stools per day over 2 consecutive 
days with the requirement that participants continue to have 
diarrhea until antibiotic treatment was initiated; (ii) a positive 
C. difficile stool toxin result (EIA or reflex CCNA); and (iii) in
vestigator assessment that antibiotic treatment was warranted.

The primary endpoint (ie, CDI recurrence rate at 8 weeks in 
VOS- vs placebo-treated participants) was met and the superi
ority of VOS versus placebo was previously reported [21]. 
Secondary endpoints, including CDI recurrence rates in 
VOS- versus placebo-treated participants at 4, 12, and 24 weeks 
after initiation of treatment and time to recurrence, are also re
ported elsewhere [22]. Those who did not have a recurrence 
were considered to have a sustained clinical response. 
Subjects who were lost to follow-up, terminated the study pre
maturely, or died without a recorded recurrence before the end 
of the time interval were assumed to have had a recurrence. 
Handling of other types of missing data was provided in the 
statistical analysis plan.

In this post hoc exploratory analysis, we assessed the rate of 
CDI recurrence among VOS-treated participants compared to 
placebo for the following subgroups: (i) number of prior 
CDI episodes, inclusive of the qualifying episode (3 and 
≥4); (ii) concomitant medications such as exposure to 
non-CDI-targeted antibiotics after dosing, and ASM usage at 
baseline (ie, PPIs and/or H2-receptor antagonists) versus no 
ASM use; and (iii) CCI score category (0, 1–2, 3–4, ≥5).

We also analyzed the rate of CDI recurrence by age (≥65 and 
<65 years), sex, and creatinine clearance rate at baseline (<30, 
30–50, >50 to 80, and >80 mL/minute), which were prespeci
fied. In addition, we summarized the presence of specific co
morbid conditions (using the age-adjusted CCI score) by 
ASM subgroup and treatment arm.
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Safety and tolerability were analyzed through 24 weeks and 
are reported elsewhere [21, 22].

Statistical Analysis

All efficacy analyses, including subgroup analyses, were per
formed on the intention-to-treat (ITT) population, which in
cluded all randomized participants, and analyzed according 
to intended assignment, regardless of treatment received.

For analysis of the overall population, relative risk was de
fined as the percentage of patients with recurrence in the 
VOS group divided by the percentage in the placebo group ad
justed for stratification factors (age group [<65 years or ≥65 
years] and antibiotic regimen received for the qualifying acute 
episode [vancomycin or fidaxomicin]) using Cochran–Mantel– 
Haenszel method. Confidence intervals were calculated using 
the Greenland and Robins variance estimate for the natural 
log of the common relative risk. For analysis of subgroups, 
relative risk was defined as the percentage of patients with 
recurrence in the VOS group divided by the percentage in 
the placebo group. Confidence intervals were calculated from 
the natural logarithm of the relative risk and its variance 
estimate.

Medical history was obtained through self-report or 
health records and all data were coded using the Medical 
Dictionary for Regulatory Activities (MedDRA) version 23.1. 
Components of the CCI were derived from MedDRA 
v23.1-coded medical history terms (see Supplementary 
Material). The CCI was originally developed in 1987 to be 
used in different populations as a weighted prognostic index to 
predict mortality, where higher scores indicate greater mortality 
risk [23]. CCI scores presented reflect weighting methods with 
consideration of age as described by Quan et al [24, 25].

All statistical analyses were performed using SAS version 9.4 
software (SAS Institute, Cary, North Carolina).

RESULTS

Demographics, Baseline Characteristics, and Prevalence of Comorbidities

Of 281 patients screened, 182 were enrolled; females made up 
59.9% (n = 109) of the study population, and more than half 
of participants (n = 103 [56.6%]) were aged ≥65 years. 
Demographics were balanced across treatment arms, although 
there were more females in the VOS arm than the placebo arm 
(67.4% vs 52.7%).

Chronic medical conditions were determined from the 
screening medical history or concomitant medications, includ
ing psychiatric disorders, gastroesophageal reflux disease, car
diovascular disease, diabetes, malignancy, renal failure and/or 
insufficiency, and immunocompromised status, which were 
highly prevalent in the overall study population (Table 1; see 
also Supplementary Table 1). Mean CCI scores were 4.1 (stan
dard deviation [SD], 2.4) and 4.2 (SD, 2.6), in the VOS and 

placebo arms, respectively [22], and 73.1% of the overall popu
lation had a CCI score of ≥3.

In addition, based on the screening medical history, 89 par
ticipants (48.9%) had a history of psychiatric disorders; 47 
(25.8%) had a history of depression, and 37 (20.3%) had a his
tory of anxiety. In addition, 38 participants (20.9%) had a his
tory of insomnia. Of note, these psychiatric disorders appeared 
to be ongoing at the time of enrollment with 76 of these 89 
(85.4%) participants taking a range of concomitant psychotro
pic medications including antidepressants, anxiolytics, and 
sedatives/hypnotics.

Relative to other medications of interest, 25 of 182 (13.7%) 
patients took non-CDI-targeted antibiotics after dosing with 
VOS or placebo while 74 patients (40.7%) were actively 
taking ASMs at baseline (PPIs alone [n = 45], H2-receptor an
tagonists alone [n = 24], or both PPIs and H2-receptor antago
nists [n = 5]). Additional medical history data relevant to 
ASM use included dyspepsia (n = 9), gastric ulcer (n = 8), gas
tritis (n = 7), and peptic ulcer (n = 2). The average age of pa
tients taking ASMs was higher compared to those who were 
not (mean, 67.5 years vs 64.2 years).

Efficacy of VOS Versus Placebo in High-Risk Demographic Groups

In the subgroup analysis, VOS-treated participants had a lower 
relative risk of CDI recurrence at week 8 compared to placebo 
for all subgroups analyzed, including age, sex, number of prior 
episodes, creatinine clearance at baseline, non-CDI antibiotic 
usage, use of ASMs at baseline, and CCI score categories of 0, 
1–2, 3–4, and ≥5 (Figure 1).

CDI Recurrence Rates by CCI Score Category
The percentage of patients with CDI recurrence in the placebo 
arm rose from 20% among those with a CCI score of 0, to 
>45.7% among those with a CCI score of ≥5, whereas CDI re
currence rates in VOS-treated patients were lower across all 
CCI score categories, ranging from 0% to 20%. Since CDI 

Table 1. Baseline Chronic Medical Conditions (Intention-to-Treat Population)

Baseline Condition
Total 

(N = 182)

Psychiatric disorders 89 (48.9)

Gastroesophageal reflux disease 78 (42.9)

Respiratory disease 66 (36.3)

Cardiovascular disease 59 (32.4)

Immunocompromised status 54 (29.7)

Diabetes 43 (23.6)

Malignancy 33 (18.1)

Renal impairment or failure 27 (14.8)

Neurologic disease 23 (12.6)

Ulcerative colitis, microscopic colitis, irritable bowel syndrome 23 (12.6)

Data are presented as No. (%). Chronic conditions were determined from the screening 
medical history. More information can be found in Supplementary Table 1. Patients may 
have had >1 chronic medical condition.
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recurrence is associated with hospitalization [22], we also evalu
ated hospitalization by CCI score category and observed that 18 
of 23 patients who were hospitalized through week 8 (78.3%) had 
CCI scores of ≥5 (Table 2). However, only 2 of confirmed CDI 
recurrences would have been categorized as “hospital-acquired 
CDI” (per Centers for Disease Control and Prevention defini
tion) [10], suggesting that exposure to the hospital environment 
was not a confounding factor for recurrent infection.

CDI Recurrence Rates by Use of ASMs
In subgroups defined by ASM use, recurrence rates among 
those randomized to placebo were higher in those taking 
ASMs versus those who were not (48.8% vs 32.7%, respective
ly). This trend was not observed among those randomized to 
VOS, where CDI recurrence rates were similarly low (9.1% vs 
14.3%, for those taking vs not taking ASMs, respectively). 
Although sample sizes are limited, when analyzed by specific 
class of ASM, recurrence rates were also numerically lower in 
the VOS arm versus placebo for patients taking PPIs (15.0% 
[3/20] vs 46.7% [14/30]) and for patients taking H2-receptor 
antagonists (0% [0/14] vs 46.7% [7/15]).

Since some data suggest that use of ASM is a risk factor for 
recurrence that may be confounded by prevalence of 

comorbidities, we also examined ASM use by age-adjusted 
CCI score. In fact, CCI scores were higher in those taking ver
sus not taking ASMs in both treatment arms and in the overall 
population (Table 3), although all 95% confidence intervals 
overlapped.

DISCUSSION

Recurrence of CDI is the hallmark of a disrupted microbiome, 
signaling the need for a comprehensive therapeutic approach, 

Figure 1. Forest plot of relative risks of recurrence at week 8 for selected baseline characteristics (intention-to-treat population). Subjects who were lost to follow-up, 
terminated the study prematurely, or died without a recorded recurrence were assumed to have had a recurrence. Relative risk for the overall population was defined as the 
percentage of patients with recurrence in the fecal microbiota spores, live (VOS) group divided by the percentage in the placebo group adjusted for stratification factors (age 
group [<65 or ≥65 years] and antibiotic regimen received for the qualifying acute episode [vancomycin or fidaxomicin]) using Cochran–Mantel–Haenszel method. Confidence 
intervals (CIs) were calculated using the Greenland and Robins variance estimate for the natural log of the common relative risk. For analysis of subgroups, relative risk was 
defined as the percentage of patients with recurrence in the VOS group divided by the percentage in the placebo group. CIs were calculated from the natural logarithm of the 
relative risk and its variance estimate. Antibiotic use refers to those antibiotics other than for Clostridioides difficile infection (CDI) recurrence. Charlson comorbidity index 
scores were adjusted for age (Quan et al [25]). One participant in the VOS arm had missing data for number of prior CDI episodes. Abbreviations: CCI, Charlson comorbidity 
index; events, on-study Clostridioides difficile infection recurrence; NE, non-estimable; No., number of patients; PPI, proton pump inhibitor; VOS, fecal microbiota spores, live 
(VOWST, formerly SER-109).

Table 2. Hospitalizations Through Week 8 by Charlson Comorbidity Index 
Score Category (Intention-to-Treat Population of 182 patients)

CCI Score Category
Nonhospitalized  
Patients, No. (%)

Hospitalized  
Patients, No. (%)

0 17 (9.3) 0 (0.0)

1–2 30 (16.5) 2 (1.1)

3–4 60 (33.0) 3 (1.7)

≥5 52 (28.6) 18 (9.9)

Total 159 (87.4) 23 (12.6)

CCI scores presented reflect weighting methods with consideration of age. Derivation of 
the weighting methods are described in Quan et al [24, 25].  

Abbreviation: CCI, Charlson comorbidity index.
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beyond antibiotics alone. Regardless of demographics or base
line risk factors, an oral microbiota therapeutic, VOS, reduced 
recurrence of CDI compared to placebo in this high-risk pop
ulation with a history of rCDI. Reduction of the risk of recur
rence with VOS compared to placebo was observed in all risk 
groups, including those with an age-adjusted CCI score of 
≥5, highlighting the importance of microbiome restoration af
ter treatment of rCDI with antibiotics.

Importantly, most of these risk factors are nonmodifiable, 
such as older age, female sex, chronic comorbidities, and a his
tory of recurrence. Comorbidities associated with lower host 
defenses have been consistently observed as a risk factor for 
CDI including immunosuppression, malignancy, and renal 
failure [16–18]. Yet clinical trials in rCDI have often excluded 
such patients. Most participants in ECOSPOR III had comor
bidities consistent with the broad inclusion criteria in this 
phase 3 trial, reflective of real-world patient populations. In 
fact, 73.1% of the overall study population had a CCI score of 
≥3, and higher CCI scores have been associated with greater 
risk of rCDI and hospitalization, as observed in the literature 
and in this clinical trial [26]. However, VOS reduced recurrence 
of CDI compared to placebo in each subgroup, including those 
with an age-adjusted CCI score of ≥5, demonstrating efficacy 
regardless of presence of comorbidities. Aging populations 
were also well-represented in ECOSPOR III with 56.6% of 
the study population being ≥65 years of age [27, 28]. Due to 
the well-documented association of CDI with all-cause hospi
talizations, particularly among the elderly with multiple co
morbidities [29, 30], the reduction of CDI recurrence 
may potentially lessen future healthcare costs and morbidity 
[27, 28].

A striking observation was the high proportion of patients 
who had a history of depression and anxiety at enrollment, 
which are medical conditions excluded from the CCI. It is un
known if these underlying mental health issues existed prior to 
CDI or followed recurrent infections. It is well-established that 

CDI is associated with a low quality of life, due to disabling 
symptoms, anxiety, and social isolation, whereas nonrecur
rence after treatment is associated with improved quality of 
life [31, 32]. Furthermore, those with primary CDI have a high
er quality of life than those with rCDI, who have significantly 
higher anxiety scores on the Cdiff32, a disease-specific survey 
[31, 33]. Severe anxiety regarding any loose bowel movement 
as a sign of anticipated recurrence has led some experts to refer 
to this hypervigilance as “CDI-related posttraumatic syn
drome” [34]. Physicians should be cognizant of the high prev
alence of anxiety and depression in patients with rCDI, as 
observed in this trial, and query patients regarding relevant 
symptoms.

Use of ASMs was highly prevalent, particularly in those with 
higher CCI scores; thus, whether ASM use is an independent 
risk factor for CDI recurrence is still unclear as comorbidities 
appear to be an important confounder in both the literature 
and within this clinical trial. However, lower CDI recurrence 
rates in VOS versus placebo-treated patients were consistently 
observed in patients taking versus not taking ASMs at baseline. 
Although ASM usage is a modifiable risk factor, these data in
dicate that VOS may be efficacious, regardless of ASM use, giv
ing clinicians greater options for management of underlying 
acid-related gastrointestinal disorders.

Following resolution of CDI symptoms, after standard-of-care 
antibiotics, reexposure to antibiotics for other infections, such as 
pneumonia or urinary tract infections, is a clear risk factor for 
rCDI due to their negative impact on beneficial microbiota, 
which play an important role in preventing C. difficile spore ger
mination. Only 25 patients were exposed to antibiotics after dos
ing with placebo or VOS and, as a postrandomization event, 
could not be controlled for in the analysis. Furthermore, a variety 
of antibiotics were used that vary in risk of inducing CDI. Thus, 
we are unable draw conclusions about the effectiveness of VOS 
compared to placebo in patients exposed to antibiotics posttreat
ment, although the trends are reassuring. If antibiotics are need
ed after clinical resolution of CDI, clinicians should consider not 
only the resistance profile of the pathogen or the spectrum of an
tibacterial activity of the antibiotic, but also drug concentrations 
in stool, to lessen the negative impact on the gastrointestinal mi
crobiome, whenever feasible. Although some clinicians have 
supported use of vancomycin following antibiotic exposure as 
a prophylactic measure to prevent CDI recurrence, this approach 
has become less tenable in light of the known negative impact 
of vancomycin on the microbiome and the low quality of evi
dence [35].

There are strengths and limitations to these data. We had low 
representation of patients with active inflammatory bowel dis
ease, so we are unable to draw conclusions in this subgroup, 
which is at higher risk for recurrence, hospitalization, and ful
minant disease [36]. In addition, the relatively small sample size 
did not allow evaluation of whether the treatment effect of VOS 

Table 3. Association of Acid-Suppressing Medication Use at Baseline 
With Age-Adjusted Charlson Comorbidity Index Score (Intention-to-Treat 
Population)

Treatment Arm

PPI and/or H2-Receptor 
Antagonist Use  

at Baseline No.

Age-Adjusted 
CCI Score, 

Mean (SD) [95% CI]

Placebo Yes 41 4.7 (2.6) [3.8–5.5]

No 52 3.8 (2.6) [3.1–4.5]

VOS Yes 33 4.7 (2.3) [3.8–5.5]

No 56 3.7 (2.4) [3.1–4.4]

Overall 
population

Yes 74 4.7 (2.5) [4.1–5.2]

No 108 3.7 (2.5) [3.3–4.2]

Abbreviations: CCI, Charlson comorbidity index; CI, confidence interval; PPI, proton pump 
inhibitor; SD, standard deviation; VOS, fecal microbiota spores, live (VOWST, formerly 
SER-109).
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varied across subgroups. It is also not possible to rule out po
tential confounding factors within each subgroup that may 
also contribute to the variability in response. The strengths of 
the data are that the efficacy observed overall was consistent 
among subgroups with nonmodifiable risk factors, such as 
those with a history of recurrence, elderly persons, females, 
and those with comorbidities, suggesting broad benefit in a 
wide range of vulnerable patients with chronic medical diseases 
associated with risk of rCDI. Finally, all patients entered the 
study with an acute CDI episode and a history of recurrent 
infection, one of the most significant risk factors for future ep
isodes, underscoring that all study participants were at high risk 
for recurrence [5].

CONCLUSIONS

In this post hoc analysis, VOS was observed to reduce CDI 
recurrence compared to placebo in this phase 3 trial, regardless 
of baseline characteristics, concomitant medications, or co
morbidities. Most patients in ECOSPOR III had comorbidities 
consistent with the broad inclusion criteria in this phase 3 trial 
and more than half were ≥65 years of age. Since most risk fac
tors for CDI are nonmodifiable, these efficacy data help to in
form the potential benefit of VOS in vulnerable patients with 
recurrent infection.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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