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Clostridioides difficile infection (CDI) is the most common cause of antibiotic-associated diarrhea and has high rates of re-
current disease. As a disease associated with intestinal dysbiosis, gastrointestinal microbiome manipulation and fecal micro-
biota transplantation (FMT) have evolved as effective, although relatively unregulated therapeutics and not without safety 
concerns. FMT for the treatment of CDI has been well studied in adults with increasing data reported in children. In this 
review, we discuss the current body of literature on the use of FMT in children including effectiveness, safety, risk factors for 
a failed FMT, and the role of FMT in children with comorbidities. We also review emerging microbial therapeutics for the 
treatment of rCDI.
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Clostridioides difficile (C.  difficile) is an anaerobic, spore-
forming, Gram-positive bacillus, and the number one cause of 
antibiotic-associated and nosocomial diarrhea [1]. Antibiotic 
use is the primary risk factor for C.  difficile infection (CDI) 
related to its impact on the intestinal microbiome, which in-
cludes communities of commensal and symbiotic microorgan-
isms in the host intestine. Dysbiosis, the development of an 
imbalance or disturbance of microorganisms often following 
antibiotic therapy, creates an environment that is hospitable 
for C. difficile colonization, germination, and toxin production 
[2]. While antibiotics are often a successful first-line treatment, 
C. difficile has a strong predilection to recur. Recurrence rates 
are 20%-30% in children and adults after a single episode of 
CDI and up to 60% in those with one or more recurrences [3]. 
Risk factors such as malignancy, recent surgery, antibiotic ex-
posure, inflammatory bowel disease (IBD), and the presence 
of a tracheostomy tube are all associated with increased risk of 
recurrent Clostridioides difficile infection (rCDI) in children, 
presumably related to their contributions to persistent intes-
tinal dysbiosis [4–6]. Patients with intestinal microbiota com-
positional changes, such as low bacterial diversity, have an 
increased susceptibility to rCDI [7]. The reasons for this are 
likely multifactorial, including the “colonization resistance” 

that is provided by a healthy intestinal microbiome through 
direct microbial competition, as well as the contribution of the 
intestinal microbiome on bile acid metabolism, which impact 
C. difficile spore germination and vegetative cell growth in the 
gut [8].

Fecal microbiota transplantation (FMT) is the transfer of 
stool from a healthy donor to a symptomatic patient. FMT was 
used to successfully treat pseudomembranous colitis as early 
as the 1950s, two decades prior to the discovery of C. difficile 
as the causative agent [9]. The primary understanding of the 
therapeutic mechanism of FMT is that it improves intestinal 
dysbiosis by transferring a diverse healthy microbiome from 
donor to recipient. Bacteriophages, metabolites, repair of the 
mucosal immune system, and short-chain fatty acids may also 
play a key role in FMT success [10], although the exact mech-
anism of treatment remains poorly understood.

In 2013, the first randomized controlled trial (RCT) dem-
onstrated FMT was significantly more effective than vanco-
mycin for rCDI [11]. A recent 2020 meta-analysis of 45 studies 
demonstrated that 84% of patients show clinical improvement 
following a single FMT and 91% if FMT is repeated [12]. Of 
note, although many societies have recommended specific 
screening and treatment protocols, the preparation and use 
of FMT remains poorly standardized and warrants attention 
[13, 14]. FMT remains an investigational therapeutic and can 
only be performed under “therapeutic discretion” for the treat-
ment of CDI or through an investigational new drug (IND) 
application based on Food and Drug Administration (FDA) 
recommendations.

Only recently, the body of literature supporting FMT in the 
treatment of pediatric CDI has expanded. Here we review the 
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current literature investigating the role of FMT for rCDI in pe-
diatric patients and discuss emerging microbial therapeutics for 
the treatment of rCDI.

USE OF FMT IN CHILDREN WITH RCDI

There are important differences between adult and pedi-
atric CDI. Pediatric patients have distinct risk factors, onset 
of symptoms, duration of disease, and CDI-related compli-
cations [15]. Asymptomatic colonization with C.  difficile 
occurs more commonly among young children, and severe 
disease in children is markedly less frequent than in adults 
[16]. The pediatric intestinal microbiome, especially in 
younger children, differs from that in adults. Bacterial di-
versity increases with age and interpersonal variation is sig-
nificantly greater among children than among adults [17]. 
There is rising interest in identifying the differences in the 
disease processes and treatment responses in adult and pedi-
atric populations. Much of the published literature regarding 
FMT for the treatment of CDI in children stems from case 
reports (excluded from this review) and case series that have 
called attention to important questions for the pediatric pop-
ulation including effectiveness, safety, and the role of FMT 
in children with comorbidities. Recently, larger multicenter 
studies have started to address these initial questions and im-
prove the understanding of the efficacy and safety of FMT in 
children (Table 1).

In children, the cure rates of FMT for rCDI are 80%-
90%, similar to what has been previously identified in adults  
[18, 19]. In 2015, Hourigan et  al published the first pediatric 
single-center study with a cure rate of 100% following initial 
FMT in 8 children [20]. Brumbaugh et al reported FMT cure 
rate by underlying disease status in 42 children at a single 
center; 94% of the healthy children, 75% of medically complex 
children, and 54% of children with IBD had a successful initial 
FMT (P = .04) [21]. Recently, a large retrospective multicenter 
pediatric study by Nicholson et  al investigated cure rates and 
outcomes of FMT in children with rCDI [22]. Of the 335 
children who underwent FMT, 271 (81%) had a successful first 
FMT which improved to 87% if FMT was repeated.

A 2021 meta-analysis in adults identified significant pre-
dictors of FMT failure including (i) the use of non-CDI anti-
biotics pre-FMT, (ii) severe CDI, (iii) the presence of IBD, (iv) 
poor quality of colonoscopy preparation (poor visibility not al-
lowing full volume of the fecal infusion or visualization of the 
bowel mucosa), and (v) inpatient location at the time of FMT 
[23]. Female sex, previous hospitalization, and surgery before 
FMT have also been recognized as risk factors for a failed FMT 
in prior adult studies [24]. In contrast, the lack of a feeding tube, 
fewer episodes of CDI prior to FMT, and FMT performed via co-
lonoscopy have been demonstrated as predictors of adult FMT 
success [25]. In children, Nicholson et al similarly identified the 

lack of a feeding tube (odds ratio [OR]: 2.08, 95% confidence 
interval [CI]: 1.05-4.11), delivery via colonoscopy (OR: 2.41, 
95% CI: 1.26-4.61), and a lower number of CDI episodes prior 
to undergoing FMT (OR: 1.20, 95% CI: 1.04-1.39) as predictors 
of a successful pediatric FMT based on stepwise logistic regres-
sion [22]. Notably, the use of fresh vs thawed, previously frozen, 
stool (OR: 2.66, 95% CI: 1.39-5.08) was also identified as an in-
dependent predictor of FMT success. Prior adult RCTs have not 
demonstrated a statistically significant difference between the 
use of fresh vs frozen stool samples for FMT [18, 26]. Nicholson 
et al theorized that potential shifts in the microbiome or metab-
olome that occur during the freeze-thaw cycle may make frozen 
donor stool less appropriate for pediatric patients due to their 
unique intestinal microbiome. Although 16S rRNA sequencing 
has demonstrated the stability of FMT products when stored at 
−80°C for 6 months, this does not confirm the viability of or-
ganisms [27]. Alternatively, it is possible that there was a closer 
age-match between donor and recipient when FMT was per-
formed with fresh stool (family members and sibling donors) 
vs from a stool bank (adult only donors) and this may have in-
fluenced the results. A recent study demonstrated improved ef-
fectiveness of FMT for the treatment of IBD when there was a 
smaller age difference between donor and recipient age (0- to 
10-year difference vs ≥11-year difference, P = .003) [28]. Future 
prospective FMT studies are needed to further identify best 
practices for FMT in children with CDI.

SAFETY OF FMT IN CHILDREN

Although generally described as a well-tolerated procedure, the 
practice of FMT remains poorly standardized and long-term 
outcomes remain unknown. Until recently, most serious ad-
verse events (SAEs) related to FMT in adults included outcomes 
primarily related to the procedure itself such as intestinal perfo-
ration related to colonoscopy and aspiration pneumonia in the 
setting of upper FMT delivery [29, 30]. The most common non-
severe adverse events (AEs) from FMT identified in a meta-
analysis of 18 studies included short-lived bloating/flatulence, 
abdominal pain/cramping, and diarrhea [31]. More recently, 
additional attention to the safety of FMT occurred after a 2019 
FDA safety alert detailing the acquisition of extended-spectrum 
beta-lactamases (ESBL) producing Escherichia coli in 2 im-
munocompromised (IC) patients, 1 of whom died. Although 
neither patient received FMT for rCDI, the FMT donor was 
found to be positive for ESBL E. coli with clonality confirmed by 
whole-exome sequencing of the ESBL isolates from the donor 
and recipients [32]. Additional safety concerns have developed 
in the setting of the COVID-19 pandemic, with the identifica-
tion of SARS-CoV-2 in feces [33]. Concerns over the potential 
transmission of virulent pathogens through the use of FMT 
have called attention to the importance of donor screening and 
surveillance.
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In the pediatric literature, the most common AEs described 
include mild and transient vomiting related to the procedure, 
abdominal pain or cramps, bloating, and flatulence (Table 1). 
In a large pediatric study, Nicholson et al reported that 17/335 
(5.1%) of children had SAEs following FMT. Only 2 events, 
hospitalizations for aspiration pneumonia and vomiting/de-
hydration, respectively, were thought to be FMT-related [22]. 
There were no deaths in the study. Notably, no acquisition of 
multidrug-resistant organisms such as ESBL E. coli attributable 
to FMT has been reported in the pediatric literature to date.

Long-term safety outcomes remain unknown at this time 
and may be particularly relevant in our pediatric patients. 
Presumably, microbiomes that are healthy in the donor could 
be deleterious in the recipient, which provides a challenge for 
screening donors. As FMT alters the intestinal microbiome 
and metabolome, which also influences immune function and 
hormonal development, the future risk of chronic conditions 
warrants attention. Notably, Hourigan et al found that FMT de-
creased the prevalence of antimicrobial resistance (AMR) genes 
and regenerated a healthy microbial milieu post-FMT; however, 
there was also acquisition of tetracycline AMR genes in recipi-
ents with FMT [34]. In addition, both clearance and transmis-
sion of potential procarcinogenic bacteria with FMT from adult 
donors to pediatric recipients have been described [35]. Further 
research on the long-term repercussions of these changes is 
needed and additional donor screening may be warranted.

FMT IN SPECIAL POPULATIONS

Inflammatory Bowel Disease

In adult patients with IBD, a recent meta-analysis with 9 cohort 
studies demonstrated an 81% initial cure rate of CDI with FMT and 
no difference in success rates amongst those with or without IBD 
[36]. However, concerns over the safety of FMT in patients with IBD 
are relevant, with post-FMT IBD flares reported in up to 22.7% of 
adult patients with IBD [37]. Children with IBD have increased CDI 
incidence, disproportionately higher rates of initial antibiotic treat-
ment failure, and greater rates of recurrence [6, 38]. In addition, 
those with CDI are more likely to have a severe course of their under-
lying IBD, higher rates of colectomy, and in-hospital mortality [39]. 
A  likely mechanism for both the increased incidence of CDI and 
rates of rCDI is the underlying dysbiosis associated with IBD [40].

In 2019, Cho et al evaluated 8 pediatric patients with IBD 
and found FMT to be an effective treatment option for rCDI 
with a cure rate of 75% [41]. One patient had an SAE with 
vomiting and fever 2-hour post-FMT requiring hospitaliza-
tion. However, this was ultimately attributed to influenza and 
felt to be non-FMT-related. Furthermore, although FMT gives 
sustained C. difficile eradication in children with and without 
IBD, FMT-restored microbiome diversity is only maintained 
in children without IBD but returns to pre-FMT baseline by 
6 months in those with IBD [20]. In a recent large retrospective 

study (Nicholson et al, abstract only [42]), children with IBD 
were no less likely to have a successful first FMT than those 
without IBD (77% vs 83%, P  =  .22). Additionally, successful 
FMT did not differ in children with Crohn disease vs ulcerative 
colitis (78% vs 75%, P = .87). Children with IBD were as likely to 
have an SAE with FMT vs children without IBD (3.6% vs 0.09%, 
P = .09). Admission for an IBD flare post-FMT accounted for all 
of the SAEs in the children with IBD (4/112, 3.6%). The authors 
noted that despite good effectiveness in children with IBD, a 
careful discussion of risk vs benefit was warranted.

Immunocompromised Patients Without IBD

IC pediatric patients are also at higher risk for primary and rCDI 
[43]. Hospitalized children with solid organ transplant (SOT) 
and CDI have increased rates of additional infections such as 
cytomegalovirus and graft-vs-host disease compared to hospi-
talized children with SOT without CDI [44]. Among pediatric 
patients with cancer, CDI has been associated with an increased 
risk of death from all causes [45]. Many factors contribute to the 
risk of CDI in patients with cancer or SOT including increased 
length of hospital stay and prolonged use of antibiotics [46].

In 2014, Kelly et al evaluated FMT for rCDI in 80 IC patients, 
including 5 pediatric patients. Results demonstrated an overall 
cure rate of 89% with no infectious complications [47]. Non-
severe AEs occurred in 12 (15%) patients and included self-lim-
iting diarrhea, abdominal pain, and bloating. Twelve (15%) 
patients had SAEs which included (i) 2 deaths (1 FMT-related) 
and (ii) 10 hospitalizations (5 FMT-related) during the 12-week 
follow-up period. In 2020, Conover et al reported experience in 
24 IC children who underwent FMT for the treatment of rCDI 
(abstract only [48]). Children were considered as IC if they had 
a primary immunodeficiency or were taking immunosuppres-
sive medications during the 3  months prior to FMT. Patients 
with IBD were excluded. In this study, FMT was curative in 
20 (83%) of pediatric IC patients, while 4 (17%) had an epi-
sode of rCDI in the 3-month follow-up period. Interestingly, 11 
(46%) patients required a total of 13 hospitalizations during the 
12-week follow-up period of which 4 (31%) were likely FMT-
related. While there were no deaths or infectious complications 
related to FMT, this study illuminates the possibility of severe 
complications related to FMT in this high-risk population.

Emerging Data on Biotherapeutics

The current use of FMT is fraught with technical challenges 
including poorly standardized applications and procedures. 
Biotherapeutics, loosely defined as drug therapy products where 
the active substance is extracted from a biological, are exciting 
alternatives to FMT with the potential for improved standardi-
zation, practicality, and safety (Table 2). Multiple products are 
currently being evaluated for their potential safety and efficacy in 
the treatment of CDI, although notably, none are currently being 
trialed in children or adolescents. ECOSPOR III is a phase III trial 
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that has been completed for SER-109, an investigational oral ther-
apeutic consisting of a consortium of bacterial spores (purified 
Firmicute bacteria) from healthy donors (NCT03183128). After 
partitioning the targeted bacteria from the stool of healthy human 
donors, the SER-109 manufacturing performs ethanol treatment 
which inactivates vegetative bacteria (eg, Listeria, Salmonella, 
Staphylococcus, or Enterococcus). This step serves to reduce the 
risk of pathogen transmission not detected during screening, but 
could also have implications for reducing other vegetative patho-
gens and impacting efficacy. In the ECOSPOR III trial, patients 
were randomized 1:1 to receive either SER-109 or placebo, after 
standard-of-care antibiotic treatment for rCDI. Unpublished re-
sults in 182 patients showed 11.1% of patients administered SER-
109 experienced a CDI recurrence, vs 41.3% of placebo patients. 
Seres Therapeutics, the study sponsor, is continuing to gather data 
to support the safety of SER-109 in an ongoing open-label study 
(NCT03183141) and is in discussion with the FDA regarding 
regulatory approval and Biological License Application (BLA) 
submission. Additionally, RBX2660 is a regulated suspension of 
standardized intestinal microbes administered as an enema that 
is currently in phase III clinical trials (NCT03244644). Phase II 
study results found that 2 RBX2660 doses spaced 1 week apart 
were not superior to placebo, but a single dose of RBX2660 was 
significantly better than placebo (NCT02299570) [49]. Two trials, 
PUNCH CD3 and PUNCH CD3-OLS, are evaluating the safety 
and efficacy of the enema in patients who have had at least 1 re-
currence of CDI after a primary episode and have completed at 
least 1 round of standard-of-care oral antibiotic therapy or have 
had at least 2 episodes of severe CDI resulting in hospitalization 
(NCT03244644, NCT03931941). The estimated open-label study 
completion date is the summer of 2022.

VE303 is an orally administered live biotherapeutic product 
consisting of 8 types of clonal human commensal bacteria 
strains selected for their ability to provide colonization resist-
ance to C. difficile. Phase 1a/1b clinical trial results in healthy 
volunteers demonstrated a favorable safety profile and accel-
erated gut microbiota restoration when used following vanco-
mycin administration [50]. Phase II trials (CONSORTIUM) 
will compare high and low doses of VE303 to inactive placebo 
(NCT03788434). Unlike VE303, CP101 is an orally adminis-
tered freeze-dried stool donation-based capsule that encom-
passes the complete intestinal microbiome community. In a 
phase II study (PRISM3), the drug prevented rCDI in 76/102 
(74.5%) of patients, compared with 59/96 (61.5%) taking placebo 

(Allegretti et al, abstract only [51]). Phase II and III study re-
sults for VE303 and CP101 are expected in 2021 and 2022, re-
spectively. Microbiota-based biotherapeutics that expand on 
the FMT mechanism are encouraging. However, completion of 
the clinical trials, particularly those involving children, and fur-
ther clinical development is warranted to determine the optimal 
dosing strategy and long-term safety profile.

CONCLUSION

Although severe CDI in children is rare, rCDI is a common pedi-
atric condition associated with significant morbidity. Modulation 
of the intestinal microbiome, through FMT or alternative 
biotherapeutics, has emerged as an important therapeutic strategy 
for CDI. There is a growing body of literature evaluating FMT as 
a therapeutic modality in children, demonstrating good effective-
ness and an overall favorable safety profile. Moving forward, FMT 
standardization and refinement, clinical trials enrolling pediatric 
patients, and additional long-term safety data will be critically im-
portant to improve the care of children with CDI.

Notes
Financial support. This work was supported in part by a T32 training 

grant [No. T32DK007673 to R.B.], the Thrasher Research Fund [R.B.], a 
National Institute of Allergy and Infectious Diseases K23 award [No. 
1K23AI156132-01 to M.R.N.], and a National Institute of Child Health and 
Human Development Award [No. K23HD099240 to S.K.H.].

Supplement sponsorship. This supplement was sponsored by Pfizer, 
Merck, and Azurity.

Potential conflicts of interest. The authors have no conflicts of interest 
relevant to this publication to disclose. All authors have submitted the 
ICMJE Form for Potential Conflicts of Interest. Conflicts that the editors 
consider relevant to the content of the manuscript have been disclosed.  

References
1. Leffler  DA, Lamont  JT. Clostridium difficile infection. N Engl J Med. 2015; 

372(16):1539–48. doi:10.1056/NEJMra1403772.
2. Zhu D, Sorg JA, Sun X. Clostridioides difficile biology: sporulation, germination, 

and corresponding therapies for C. difficile infection. Front Cell Infect Microbiol. 
2018; 8:29. doi:10.3389/fcimb.2018.00029.

3. Vardakas  KZ, Polyzos  KA, Patouni  K, et  al. Treatment failure and recurrence 
of Clostridium difficile infection following treatment with vancomycin or met-
ronidazole: a systematic review of the evidence. Int J Antimicrob Agents. 2012; 
40(1):1–8. doi:10.1016/j.ijantimicag.2012.01.004.

4. Nicholson MR, Thomsen IP, Slaughter JC, et al. Novel risk factors for recurrent 
Clostridium difficile infection in children. J Pediatr Gastroenterol Nutr. 2015; 
60(1):18–22. doi:10.1097/MPG.0000000000000553.

5. Kociolek LK, Palac HL, Patel SJ, et al. Risk factors for recurrent Clostridium difficile 
infection in children: a nested case-control study. J Pediatr. 2015; 167(2):384–9. 
doi:10.1016/j.jpeds.2015.04.052.

6. Kelsen JR, Kim J, Latta D, et al. Recurrence rate of Clostridium difficile infection in 
hospitalized pediatric patients with inflammatory bowel disease. Inflamm Bowel 
Dis. 2011; 17(1):e9772. doi:10.1002/ibd.21421.

Table 2. Investigational Biotherapeutic Options for Recurrent C. difficile Infection

Name Study Sponsor Administration Product Description Trial Phase in Adults

SER-109 Seres Therapeutics Oral capsule Purified Firmicute spores from healthy donors 3

RBX2660 Rebiotix Enema Broad consortium of standardized intestinal microbes 3

VE303 Vedanta Biosciences Oral capsule Lyophilized product of 8 clonal human commensal bacterial strains 2

CP101 Finch Therapeutics Oral capsule Lyophilized intact microbiome community from healthy human donors 2-extension

https://doi.org/10.1056/NEJMra1403772
https://doi.org/10.3389/fcimb.2018.00029
https://doi.org/10.1016/j.ijantimicag.2012.01.004
https://doi.org/10.1097/MPG.0000000000000553
https://doi.org/10.1016/j.jpeds.2015.04.052
https://doi.org/10.1002/ibd.21421


FMT for Pediatric CDI • jpids 2021:10 (suppl 3) • S63

7. Ju  YC, Antonopoulos  DA, Kalra  A, et  al. Decreased diversity of the fecal 
microbiome in recurrent Clostridium difficile-associated diarrhea. J Infect Dis. 
2008; 197(3):435–8. doi:10.1086/525047.

8. Britton  RA, Young  VB. Role of the intestinal microbiota in resistance to colo-
nization by Clostridium difficile. Gastroenterology. 2014; 146(6):547–1553. 
doi:10.1053/j.gastro.2014.01.059.

9. Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as an adjunct in the 
treatment of pseudomembranous enterocolitis. Surgery. 1958; 44(5):854–9.

10. Baktash A, Terveer EM, Zwittink RD, et al. Mechanistic insights in the success of 
fecal microbiota transplants for the treatment of Clostridium difficile infections. 
Front Microbiol. 2018; 9:1242. doi:10.3389/fmicb.2018.01242.

11. Van Nood E, Vrieze A, Nieuwdorp M, et al. Duodenal infusion of donor feces for 
recurrent Clostridium difficile. N Engl J Med. 2013; 368(5):407–15. doi:10.1056/
nejmoa1205037.

12. Baunwall SMD, Lee MM, Eriksen MK, et al. Faecal microbiota transplantation 
for recurrent Clostridioides difficile infection: an updated systematic review 
and meta-analysis. EClinicalMedicine. 2020; (29–30):100642. doi:10.1016/j.
eclinm.2020.100642.

13. Davidovics  ZH, Michail  S, Nicholson  MR, et  al. Fecal microbiota transplant-
ation for recurrent Clostridium difficile infection and other conditions in chil-
dren: a joint position paper from the North American Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition and the European Society for 
Pediatric Gastroenterology, Hepatology, and Nutrition. J Pediatr Gastroenterol 
Nutr. 2019; 68(1):130–43. doi:10.1097/MPG.0000000000002205.

14. McDonald  LC, Gerding  DN, Johnson  S, et  al. Clinical practice guidelines for 
Clostridium difficile infection in adults and children: 2017 update by the Infectious 
Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of 
America (SHEA). Clin Infect Dis. 2018; 66(7):e1–e48. doi:10.1093/cid/cix1085.

15. McFarland  LV, Ozen  M, Dinleyici  EC, Goh  S. Comparison of pediatric and 
adult antibiotic-associated diarrhea and Clostridium difficile infections. World J 
Gastroenterol. 2016; 22(11):3078–104. doi:10.3748/wjg.v22.i11.3078.

16. Jangi S, Lamont JT. Asymptomatic colonization by Clostridium difficile in infants: 
implications for disease in later life. J Pediatr Gastroenterol Nutr. 2010; 51(1):2–7. 
doi:10.1097/MPG.0b013e3181d29767.

17. Yatsunenko T, Rey FE, Manary MJ, et al. Human gut microbiome viewed across 
age and geography. Nature. 2012; 486(7402):222–7. doi:10.1038/nature11053.

18. Jiang  ZD, Ajami  NJ, Petrosino  JF, et  al. Randomised clinical trial: faecal 
microbiota transplantation for recurrent Clostridium difficile infection – 
fresh, or frozen, or lyophilised microbiota from a small pool of healthy donors 
delivered by colonoscopy. Aliment Pharmacol Ther. 2017; 45(7):899–908. 
doi:10.1111/apt.13969.

19. Gough E, Shaikh H, Manges AR. Systematic review of intestinal microbiota trans-
plantation (fecal bacteriotherapy) for recurrent Clostridium difficile infection. 
Clin Infect Dis. 2011; 53(10):994–1002. doi:10.1093/cid/cir632.

20. Hourigan SK, Chen LA, Grigoryan Z, et al. Microbiome changes associated with 
sustained eradication of Clostridium difficile after single faecal microbiota trans-
plantation in children with and without inflammatory bowel disease. Aliment 
Pharmacol Ther. 2015; 42(6):741–52. doi:10.1111/apt.13326.

21. Brumbaugh DE, De Zoeten EF, Pyo-Twist A, et al. An intragastric fecal micro-
biota transplantation program for treatment of recurrent Clostridium difficile 
in children is efficacious, safe, and inexpensive. J Pediatr. 2018; 194:123–7.e1. 
doi:10.1016/j.jpeds.2017.10.016.

22. Nicholson  MR, Mitchell  PD, Alexander  E, et  al. Efficacy of fecal microbiota 
transplantation for Clostridium difficile infection in children. Clin Gastroenterol 
Hepatol. 2020; 18(3):612–9.e1. doi:10.1016/j.cgh.2019.04.037.

23. Tariq  R, Hayat  M, Pardi  D, Khanna  S. Predictors of failure after fecal microbiota 
transplantation for recurrent Clostridioides difficile infection: a systematic review and 
meta-analysis. Eur J Clin Microbiol Infect Dis. 2021; 40(7):1383–92. doi:10.1007/
s10096-021-04163-z.

24. Meighani  A, Hart  BR, Mittal  C, et  al. Predictors of fecal transplant 
failure. Eur J Gastroenterol Hepatol. 2016; 28(7):826–30. doi:10.1097/
MEG.0000000000000614.

25. Bliss  DZ, Johnson  S, Savik  K, et  al. Acquisition of Clostridium difficile and 
Clostridium difficile-associated diarrhea in hospitalized patients receiving 
tube feeding. Ann Intern Med. 1998; 129(12):1012–9. doi:10.7326/0003-4819- 
129-12-199812150-00004.

26. Lee CH, Steiner T, Petrof EO, et al. Frozen vs fresh fecal microbiota transplant-
ation and clinical resolution of diarrhea in patients with recurrent Clostridium 
difficile infection a randomized clinical trial. JAMA. 2016; 315(2):142–9. 
doi:10.1001/jama.2015.18098.

27. Carroll IM, Ringel-Kulka T, Siddle JP, et al. Characterization of the fecal microbiota 
using high-throughput sequencing reveals a stable microbial community during 
storage. PLoS One. 2012; 7(10):e46953. doi:10.1371/journal.pone.0046953.

28. Okahara K, Ishikawa D, Nomura K, et al. Matching between donors and ulcera-
tive colitis patients is important for long-term maintenance after fecal microbiota 
transplantation. J Clin Med. 2020; 9(6):1650. doi:10.3390/jcm9061650.

29. Wang S, Xu M, Wang W, et al. Systematic review: adverse events of fecal micro-
biota transplantation. PLoS One. 2016; 11(8):e0161174. doi:10.1371/journal.
pone.0161174.

30. Quraishi MN, Widlak M, Bhala N, et al. Systematic review with meta-analysis: 
the efficacy of faecal microbiota transplantation for the treatment of recurrent 
and refractory Clostridium difficile infection. Aliment Pharmacol Ther. 2017; 
46(5):479–93. doi:10.1111/apt.14201.

31. Li YT, Cai HF, Wang ZH, et al. Systematic review with meta-analysis: long-term 
outcomes of faecal microbiota transplantation for Clostridium difficile infection. 
Aliment Pharmacol Ther. 2016; 43(4):445–57. doi:10.1111/apt.13492.

32. FDA. Important Safety Alert Regarding Use of Fecal Microbiota for 
Transplantation and Risk of Serious Adverse Reactions Due to Transmission of 
Multi-Drug Resistant Organisms. FDA Safety and Availability. Silver Spring, MD: 
Food and Drug Administration; 2019.

33. Chen Y, Chen L, Deng Q, et al. The presence of SARS-CoV-2 RNA in the feces of 
COVID-19 patients. J Med Virol. 2020; 92(7):833–40. doi:10.1002/jmv.25825.

34. Hourigan SK, Ahn M, Gibson KM, et al. Fecal transplant in children with Clostridioides 
difficile gives sustained reduction in antimicrobial resistance and potential pathogen 
burden. Open Forum Infect Dis. 2019; 6(10):ofz379. doi:10.1093/ofid/ofz379.

35. Drewes  JL, Corona  A, Sanchez  U, et  al. Transmission and clearance of poten-
tial procarcinogenic bacteria during fecal microbiota transplantation for recur-
rent Clostridioides difficile. JCI Insight. 2019; 4(19):e130848. doi:10.1172/jci.
insight.130848.

36. Chen T, Zhou Q, Zhang D, et al. Effect of faecal microbiota transplantation for 
treatment of Clostridium difficile infection in patients with inflammatory bowel 
disease: a systematic review and meta-analysis of cohort studies. J Crohns Colitis. 
2018; 12(6):710–7. doi:10.1093/ecco-jcc/jjy031.

37. Qazi T, Amaratunga T, Barnes EL, et al. The risk of inflammatory bowel disease 
flares after fecal microbiota transplantation: systematic review and meta-analysis. 
Gut Microbes. 2017; 8(6):574–88. doi:10.1080/19490976.2017.1353848.

38. Mezoff E, Mann EA, Hart KW, et al. Clostridium difficile infection and treatment 
in the pediatric inflammatory bowel disease population. J Pediatr Gastroenterol 
Nutr. 2011; 52(4):437–41. doi:10.1097/MPG.0b013e3181f97209.

39. Gupta  A, Pardi  DS, Baddour  LM, Khanna  S. Outcomes in children with 
Clostridium difficile infection: results from a nationwide survey. Gastroenterol 
Rep. 2016; 4(4):293–8. doi:10.1093/gastro/gow007.

40. Hourigan SK, Sears CL, Oliva-Hemker M. Clostridium difficile infection in pedi-
atric inflammatory bowel disease. Inflamm Bowel Dis. 2016; 22(4):1020–5. 
doi:10.1097/MIB.0000000000000666.

41. Cho  S, Spencer  E, Hirten  R, et  al. Fecal microbiota transplant for recurrent 
Clostridium difficile infection in pediatric inflammatory bowel disease. J Pediatr 
Gastroenterol Nutr. 2019; 68(3):343–7. doi:10.1097/MPG.0000000000002172.

42. Nicholson MR, Alexander E, Ballal S, et al. Fecal microbiota transplantation for 
Clostridioides difficile in patients with inflammatory bowel disease; the pediatric 
perspective. DDW Abstr. 2020; 154(6):S–448.

43. Sandora  TJ, Fung  M, Flaherty  K, et  al. Epidemiology and risk factors for 
Clostridium difficile infection in children. Pediatr Infect Dis J. 2011; 30(7):580–4. 
doi:10.1097/INF.0b013e31820bfb29.

44. Pant C, Deshpande A, Desai M, et al. Outcomes of Clostridium difficile infection 
in pediatric solid organ transplant recipients. Transpl Infect Dis. 2016; 18(1):31–
6. doi:10.1111/tid.12477.

45. De Blank P, Zaoutis T, Fisher B, et al. Trends in Clostridium difficile infection and 
risk factors for hospital acquisition of Clostridium difficile among children with 
cancer. J Pediatr. 2013; 163(3):699–705.e1. doi:10.1016/j.jpeds.2013.01.062.

46. Paudel S, Zacharioudakis IM, Zervou FN, et al. Prevalence of Clostridium difficile 
infection among solid organ transplant recipients: a meta-analysis of published 
studies. PLoS One. 2015; 10(4):e0124483. doi:10.1371/journal.pone.0124483.

47. Kelly  CR, Ihunnah  C, Fischer  M, et  al. Fecal microbiota transplant for treat-
ment of Clostridium difficile infection in immunocompromised patients. Am J 
Gastroenterol. 2014; 109(7):1065–71. doi:10.1038/ajg.2014.133.

48. Conover K, Ballal S, Cho S, et al. Safety and efficacy of fecal microbiota trans-
plantation for recurrent Clostridioides difficile infection in immunocompromised 
pediatric patients. NASPGHAN Annu Meet. November 2020; 71(Supplement 
1):S268.

49. Dubberke ER, Lee CH, Orenstein R, et al. Results from a randomized, placebo-
controlled clinical trial of a RBX2660 – a microbiota-based drug for the prevention 
of recurrent Clostridium difficile infection. Clin Infect Dis. 2018; 67(8):1198–204. 
doi:10.1093/cid/ciy259.

50. Bobilev D, Bhattarai S, Menon R, et al. 1953. VE303, a rationally designed bac-
terial consortium for prevention of recurrent Clostridioides difficile (C. difficile) 
infection (rCDI), stably restores the gut microbiota after vancomycin (vanco)-
induced dysbiosis in adult healthy volunteers (HV). Open Forum Infect Dis. 
2019; 6(Supplement 2):S60. doi:10.1093/ofid/ofz359.130.

51. Allegretti JR, Kelly CR, Louie T, et al. An investigational oral microbiome drug, 
CP101, for the prevention of recurrent C.  difficile infection: a randomized, 
placebo-controlled, multi-center trial (PRISM3). Late Break Abstr ACG. 2020.

https://doi.org/10.1086/525047
https://doi.org/10.1053/j.gastro.2014.01.059
https://doi.org/10.3389/fmicb.2018.01242
https://doi.org/10.1056/nejmoa1205037
https://doi.org/10.1056/nejmoa1205037
https://doi.org/10.1016/j.eclinm.2020.100642
https://doi.org/10.1016/j.eclinm.2020.100642
https://doi.org/10.1097/MPG.0000000000002205
https://doi.org/10.1093/cid/cix1085
https://doi.org/10.3748/wjg.v22.i11.3078
https://doi.org/10.1097/MPG.0b013e3181d29767
https://doi.org/10.1038/nature11053
https://doi.org/10.1111/apt.13969
https://doi.org/10.1093/cid/cir632
https://doi.org/10.1111/apt.13326
https://doi.org/10.1016/j.jpeds.2017.10.016
https://doi.org/10.1016/j.cgh.2019.04.037
https://doi.org/10.1007/s10096-021-04163-z
https://doi.org/10.1007/s10096-021-04163-z
https://doi.org/10.1097/MEG.0000000000000614
https://doi.org/10.1097/MEG.0000000000000614
https://doi.org/10.7326/0003-4819-129-12-199812150-00004
https://doi.org/10.7326/0003-4819-129-12-199812150-00004
https://doi.org/10.1001/jama.2015.18098
https://doi.org/10.1371/journal.pone.0046953
https://doi.org/10.3390/jcm9061650
https://doi.org/10.1371/journal.pone.0161174
https://doi.org/10.1371/journal.pone.0161174
https://doi.org/10.1111/apt.14201
https://doi.org/10.1111/apt.13492
https://doi.org/10.1002/jmv.25825
https://doi.org/10.1093/ofid/ofz379
https://doi.org/10.1172/jci.insight.130848
https://doi.org/10.1172/jci.insight.130848
https://doi.org/10.1093/ecco-jcc/jjy031
https://doi.org/10.1080/19490976.2017.1353848
https://doi.org/10.1097/MPG.0b013e3181f97209
https://doi.org/10.1093/gastro/gow007
https://doi.org/10.1097/MIB.0000000000000666
https://doi.org/10.1097/MPG.0000000000002172
https://doi.org/10.1097/INF.0b013e31820bfb29
https://doi.org/10.1111/tid.12477
https://doi.org/10.1016/j.jpeds.2013.01.062
https://doi.org/10.1371/journal.pone.0124483
https://doi.org/10.1038/ajg.2014.133
https://doi.org/10.1093/cid/ciy259
https://doi.org/10.1093/ofid/ofz359.130

