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1  |  INTRODUC TION

The gastrointestinal tract is home to a complex ecosystem of the gut 
microbiome, including archaea, bacteria, viruses and fungi.1 A distur-
bance in this ecosystem can give rise to intestinal dysbiosis, which 
describes the qualitative, quantitative and/or functional microbial 

alterations usually associated with disease status. This dysbiosis 
can, in turn, aggravate existing disorders or induce new diseases.2 
Faecal microbiota transplantation (FMT) has been used for centu-
ries to solve acute gastrointestinal infections. More recently, it has 
been used to improve dysbiosis, in the hope to regain a healthy gut 
microbiome.2,3
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Abstract
Aim: Novel technologies offer insights into the potential role of the intestinal micro-
biota in human health and disease. Dysbiosis has been associated with several dis-
eases, and it is thought to play a role in the pathogenesis of different gastrointestinal 
diseases. Faecal microbiota transplantation (FMT) is emerging as a method to modu-
late the gastrointestinal microbial ecosystem. While recurrent Clostridioides difficile 
infection is the recognised FMT indication, exploration of other therapeutic uses is 
ongoing.
Methods: Following PRISMA guidelines, we conducted a systematic review, extract-
ing 583 articles from Embase and PubMed (index date to October 2022).
Results: The search yielded 58 studies for full review, with 50 included in the sys-
tematic review. Articles were categorised by FMT indication, study design, efficacy, 
adverse events, donor selection and administration route. FMT appears safe and ef-
fective for recurrent Clostridioides difficile infection, although severe adverse events 
are reported in children. However, there are currently insufficient data to support the 
use of FMT for other potential therapeutic indications (such as irritable or inflamma-
tory bowel disease or obesity), beside the potential to decolonise multi-drug resistant 
organisms.
Conclusion: This underscores the need for randomised, controlled, prospective co-
hort studies in children to assess FMT effectiveness in diverse conditions and coun-
teract publication bias.
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During the last decades, knowledge in the field of microbiota is 
rapidly expanding.1 Nevertheless, many hurdles still need to be over-
come before translating these findings into therapeutic applications, 
such as FMT. Currently, the only recognised indication for FMT is 
recurrent Clostridioides difficile infection (rCDI).4 However, FMT has 
been considered as a potential treatment in other conditions where 
dysbiosis is implicated in the disease pathogenesis. The role of FMT 
in patients with inflammatory bowel disease (IBD) or irritable bowel 
syndrome (IBS) is under active discussion due to conflicting success 
rates.2 In addition, FMT has been used as an innovative attempt to 
treat a broad range of other disease modalities beyond the gastro-
intestinal tract, such as hepatic encephalopathy, obesity, metabolic 
syndrome towards neurologic and neuropsychiatric diseases, among 
others.2 Nevertheless, a causal link between dysbiosis and these 
diseases remains difficult to establish.2 Regarding FMT in children, 
there is a paucity of available data and treatment indications are 
more limited.

In FMT, stools will be transferred from a presumed healthy in-
dividual with a diverse microbiome to the patient. However, in chil-
dren, there is no detailed consensus on the route of administration, 
donor selection and FMT preparation. Donor selection is maybe 
even more crucial in children who have a dynamic, developing mi-
crobiome that correlates with the development of the immune sys-
tem and other physiological functions.5 In comparison, adults have a 
more stable gut microbiome with a different proportion of gut phyla 
and lower interpersonal variation.5 Finally, FMT is considered to be 
well tolerated.6 However, the risk of triggering an invasive intesti-
nal infection or bacterial translocation remains an important safety 
concern. Depending on underlying diseases, this risk could be po-
tentially even greater. Therefore, the aims of this systematic review 
were to assess efficacy, side effects and donor selection for FMT in 
children for the different indications.

2  |  METHODS

2.1  |  Exclusion and inclusion criteria

FMT was defined as the administration of faeces-derived matter and 
microorganisms from a donor to a recipient with the intent of af-
fecting the gut microbiome of the recipient. Only studies reporting 
on the clinical efficacy and/or safety of FMT in children (<18 years) 
written in Dutch or English were included. Case series or cohort 
studies were included. Animal models were excluded, as well as sur-
veys and opinion pieces. The publication with the most complete 
data set was selected, if there were multiple reports related to the 
same patient group.

2.2  |  Literature review

A systematic literature search was performed according to the 
PRISMA guidelines (Figure S1). We performed a search on Embase 

and PubMed using the following terms: (‘faecal microbiota trans-
plantation’) AND (‘child’ OR ‘paediatrics’ OR ‘Adolescent’ OR 
‘Infant’) from the index date to October 4, 2022. All articles were 
reviewed by two reviewers independently, initially by title and ab-
stract, then by full text to define eligibility. Duplicates were re-
moved using Endnote. References from relevant literature were 
also searched to detect studies that may have been missed by 
previous searches. In addition, the Clini​calTr​ials.​gov registry was 
consulted, specifically to identify any unpublished data related to 
the outcomes included in this article to address potential publica-
tion bias.

Studies eligible for our systematic review were then further cat-
egorised based on indications of the FMT, study design, efficacy, 
adverse events, donor selection and route of administration. After 
reviewing the articles, a meta-analysis was deemed not possible due 
to the large heterogeneity in follow-up time and techniques (based 
on the route of administration, donor selection and FMT prepara-
tion) for each indication separately.

3  |  RESULTS

3.1  |  Indications and efficacy

3.1.1  |  Recurrent Clostridioides difficile (rCDI)

The main indication of FMT in children is rCDI. Clostridioides dif-
ficile, a spore-forming Gram-positive bacillus, is one of the lead-
ing causes of healthcare-acquired diarrhoea in both children and 
adults.4 The clinical manifestations can range from asymptomatic 
carriage, especially in young children, to fulminant colitis, severe 
sepsis and death. Reinfection or first relapse is seen in 20%–30% 
of patients, with a higher risk of recurrence after subsequent in-
fections. Risk factors for rCDI include antibiotic use, proton pump 
inhibitors, chemotherapy, immunosuppressive drugs, prior hospi-
talisation, recent gastrointestinal surgery and underlying diseases 

Key notes

•	 The aim of this systematic review is to study different in-
dications, safety profile and future directions for faecal 
microbiota transplantation (FMT) for different disorders 
in children.

•	 While FMT shows safety and efficacy in treating recur-
rent Clostridioides difficile infection, limited data hin-
ders its application for other conditions.

•	 The study highlights the necessity for rigorous, prospec-
tive cohort studies to ascertain FMT's effectiveness in 
diverse paediatric health conditions beyond its estab-
lished use.
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such as IBD or the presence of a tracheostomy or a gastrostomy 
tube.4

The use of FMT is well established as part of the treatment 
algorithm for rCDI proposed by a joint decision of the North 
American and European Society for Paediatric Gastroenterology, 
Hepatology, and Nutrition (NASPGHAN and ESPGHAN). They 
advise FMT as a treatment option for rCDI in case of (I) relapse 
within 8 weeks after treatment of at least two episodes of severe 
CDI requiring hospitalisation or three episodes of mild to moder-
ate CDI after failure of vancomycin with a six-to-eight-week taper. 
Also, in the case of (II) moderate CDI with no response to standard 
therapy after more than 1 week (including vancomycin). Finally, in 
the case of (III) severe disease unresponsive after 48 h of standard 
therapy.4

The management of rCDI is mostly inferred from the excel-
lent success rate of FMT in adult studies.7 Although randomised 
controlled trials (RCTs) evaluating the efficacy of FMT for rCDI 
are lacking in children, this systematic review found 538 reported 
cases (see Table 1).5,8–25 The average overall efficacy in this sys-
tematic review after one or more FMTs was 85%, with a follow-up 
range between 44 days and 4 years. Studies with longer follow-up 
reported a lower success rate. These results were mostly driven 
by a large multicentre, retrospective study of 335 paediatric and 
young adult patients with rCDI, showing an efficacy of 81% after 
a single and 87% after repeated FMTs.12 This is similar to previous 
reports by Chen et al. in 2017, which described 45 patients with 
an effectiveness ratio of 89% and a relapse rate of 4% over time.26 
When assessing the efficacy of FMT, the underlying diseases can 
play a crucial role. Brumbaugh et  al. reported an excellent out-
come in otherwise healthy children (success rate of 93% after 
3 months). However, efficacy dropped to 54% and 75% in children 
with IBD or another underlying comorbidity, respectively.8 In this 
systematic review, at least 184/517 (35.6%) had IBD or a different 
concomitant disorder.

3.1.2  |  Inflammatory bowel disease (IBD)

IBD is a collective term for chronic inflammatory disorders of the 
intestine such as Crohn's disease (CD) and ulcerative colitis (UC), 
with a relapsing-remitting course necessitating long-term medical 
therapy.27 For decades, humans have attempted to modulate the 
gut microbiota through antibiotics and nutritional therapies as an 
alternative treatment for IBD, even before the era of microbiome 
research.27 Nutritional therapy with exclusive enteral nutrition is the 
first choice of treatment for inducing remission in paediatric CD.27 
Compared to individuals with a healthy gut microbiome, patients 
with IBD have a less diverse microbiota with a reduced abundance 
of Firmicutes and Bacteroidetes and a relative increase in opportun-
istic pathogenic bacteria.28,29 A decrease in short chain fatty acids 
(SCFA), which are necessary for the normal functioning of colono-
cytes, has been described in IBD patients. It is hypothesised that this 
reduction of SCFA, such as butyrate, is caused by intestinal dysbiosis 

and might contribute to the pathogenesis of UC, as these SCFA have 
anti-inflammatory properties (e.g. stimulation of IL-10 production).28 
Therefore, the potential role of FMT as a treatment for patients with 
UC has been explored; however, conflicting data has led to uncer-
tainty about its efficacy in patients with UC.30–34

In three RCTs, FMT was beneficial in adults with UC, where 
donor-treated UC patients had a significantly higher steroid-free 
remission rate than sham-treated patients (32%, 24% and 27% in 
the active group vs. 9%, 5% and 8% in the placebo group, respec-
tively).30–32 However, the primary endpoint was not met in the RCT 
of Rossen et al. (30% vs. 20%)33 and two recent RCTs were stopped 
early for futility. The RESTORE-UC (Clini​calTr​ials.​gov identifier: 
NCT03110289) used pre-selected stool donors (super donor, un-
published data) for the FMT, and in the CRAFT UC study, patients 
were randomised to FMT or a UC diet or a combination of both.34 
In addition, researchers have been less successful in demonstrating 
this effect in CD patients.35,36 Only recently, the first pilot RCT has 
been published, showing in 17 adult CD patients no significant ben-
efit of FMT over sham transplantation based on steroid-free clinical 
remission.37 Significant differences in terms of endoscopic activity 
and CRP level were seen after FMT, but the lower baseline endo-
scopic disease activity score in the sham group limits the generalisa-
tion of these data.37 Therefore, the benefit of FMT in CD patients' 
needs to be confirmed in a larger population (Clini​calTr​ials.​gov iden-
tifier: NCT02097797), as there is currently insufficient data to sup-
port FMT in CD patients.

Data on children are even scarcer. A systematic review with 
meta-analysis from 2018, including 67 paediatric IBD patients (47 
UC and 20 CD) from nine different studies, was limited to case re-
ports and case series.3 The meta-analysis showed that the pooled 
proportion of clinical remission rates was 10% for paediatric UC 
patients and 45% for paediatric CD patients. However, this meta-
analysis compiled two studies where the same patient group over-
lapped, resulting in duplicating the efficacy data in both studies (so 
12 UC and 4 CD patients should be excluded from this study).38,39 
Since then, only 11 additional patients with IBD have been described 
in the literature, resulting in a total of 62 paediatric patients in our 
systematic review. The overall average efficacy in this systematic 
review was a 48% and 58% response rate and a 28% and 58% remis-
sion rate in UC and CD patients, respectively (see Table 2).29,38,40–49 
The possible discrepancy in FMT effectiveness between paediatric 
and adult CD patients may be explained by the fact that children 
with CD are more likely to have colonic involvement in compari-
son to adults.3 However, these data must be interpreted carefully 
due to the small sample size and the lack of a sham-treated control 
group, making it challenging to differentiate between improvements 
attributed to FMT and those that would have occurred naturally 
over time. Additional well-designed, controlled studies of FMT in 
children are needed. Therefore, we wait eagerly for the results of 
the coming trials on the effects of FMT in paediatric CD and UC pa-
tients (Clini​calTr​ials.​gov identifiers: NCT03378167, NCT05321758 
and NCT05321745 for CD and NCT02487238, NCT02291523 and 
NCT05679622 for UC).
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6  |    LAUWERS et al.

3.1.3  |  Dysbiosis after caesarean

Babies born after a caesarean section have a different microbiome 
than babies born vaginally, where this difference is still noticeable up 
to the age of 6 months. After caesarean delivery, there is especially 
a reduced number of Bacteroides and bifidobacteria.50 Although 
causality remains to be demonstrated, this dysbiosis has been im-
plicated in the development of several acute and chronic immune 
diseases.50 There is also evidence supporting the prophylactic use 
of probiotic microbes in very preterm infants for the prevention of 
necrotising enterocolitis and late onset sepsis.51 Therefore, Korpela 
et  al. suggested that this dysbiosis could be corrected by orally 
transferring diluted maternal faeces during the first feeding of the 
aterm neonates. After 3 months of follow-up, the microbiome of the 
seven treated babies was more similar to those born vaginally than 
to children born by caesarean section.50

3.1.4  |  Multi drug resistant (MDR) organisms 
(MDRO)

Antibiotic resistance is a growing problem worldwide, and the genes 
for this resistance are partly located in the intestinal microbiome.9 
FMT is proposed as a potential therapy to treat such patients, as it 
has been shown to reduce antibiotic resistance genes in the microbi-
ome of patients with rCDI.9

The first successfully treated paediatric patient was a 14-year-old 
girl with hemophagocytic lymphohistiocytosis, experiencing re-
current carbapenemase (CP)-producing Klebsiella pneumoniae in-
fections.52 No recurrence occurred in the following 1.5 years after 
only one FMT.52 A second 16-year-old girl with acute myelogenous 
leukaemia underwent two FMTs for vancomycin-resistant entero-
cocci (VRE) and CP-producing bacteria colonisation, resulting in 
decolonisation of VRE and persistence of CP-producing bacteria, 
with no reported adverse event.53 In addition, five patients with he-
matologic stem cell transplants who were colonised with MDR bac-
teria received FMT. Although, 4/5 patients that were decolonised 
after 1 week were all recolonised after 1 month.54 Patients are cur-
rently being enrolled to investigate the impact of FMT in decolo-
nising antibiotic-resistant bacteria in larger paediatric populations 
(Clini​calTr​ials.​gov identifiers: NCT06156956, NCT04593368 and 
NCT02543866).

3.1.5  |  Obesity

Obesity has reached epidemic proportions and is estimated to af-
fect 1.9 billion adults worldwide.55 There is evidence that the gut 
microbiota can have an effect on metabolism and the regulation of 
weight.56 Dietary or bariatric surgery interventions also showed to, 
at least partially, improve intestinal dysbiosis together with weight 
reduction and metabolic amelioration.56 In adults, a significant in-
crease in insulin sensitivity was seen after FMT intervention.57 

Therefore, the therapeutic benefits of altering the gut microbiota 
by FMT were addressed by two randomised, placebo-controlled tri-
als in children. The Gut bugs trial evaluated the effect of FMT on 
adolescent obesity with a body mass index (BMI) above 30 (n = 87) 
but found no significant effect on BMI.58 Nevertheless, a post-hoc 
analysis did show a greater resolution of metabolic syndrome in the 
treatment group.58 The second RCT assessed weight changes in chil-
dren with underlying CDI or UC who underwent an FMT (n = 20). 
This study confirmed that there was no significant difference in BMI 
after a follow-up of 12 months after transplantation.59

3.1.6  |  Allergic colitis

Cow's milk protein allergy is the leading cause of allergic colitis in in-
fants. The prevalence is estimated between 1% and 3%.60 The evolu-
tion is largely favourable, 50% of the diagnosed children can tolerate 
cow's milk again after 1 year.60 Liu et al. showed a positive effect of 
FMT on infantile allergic colitis that was insufficiently responsive to 
amino-acid-based formula.61 All 17 infants were asymptomatic after 
one or multiple FMTs and remained asymptomatic until follow-up at 
the age of 15 months. However, these results have to be interpreted 
with caution given the favourable natural evolution of cow's milk 
protein allergy.

3.1.7  |  Irritable bowel syndrome

Irritable bowel syndrome (IBS) is a disorder of gut-brain interaction 
where the exact aetiology has not been fully elucidated yet. There 
is a general consensus that visceral hypersensitivity, motility dis-
turbances, altered mucosal permeability and immune activation, in 
combination with dysbiosis of the gut microbiota plays an impor-
tant role in the pathogenesis of IBS.62 RCTs in adults have failed to 
demonstrate a benefit of FMT over placebo.62 Studies in children are 
not available at present, but children are currently being recruited 
for an upcoming trial on the effects of FMT in patients with IBS 
(Clini​calTr​ials.​gov identifiers: NCT03074227 and NCT05753774). 
However, the literature to date is insufficient for drawing definitive 
conclusions.

3.2  |  Microbiome

Studies have shown a significant difference in gut microbiome pre- 
and post-FMT.10,11,33,38 These changes have been seen to return to 
baseline as soon as after 6 months.38 This may suggest that there 
could be a potential advance of serial FMT administration in non rCDI-
indications. Indirectly, donor engraftment can be seen as a useful 
marker to assess the success of the intervention as it is related to the 
shift of the composition of the intestinal microbiota of the recipient 
towards that of the donor. Overall, higher success rate after FMT is 
seen in patients with higher donor strain engraftment.63 In addition, 
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controlling inflammation in the recipient intestine might also facilitate 
engraftment after FMT by decreasing host immune system to react on 
the newly transferred microbiota.64 However, the exact mechanisms 
and dynamics controlling the engraftment of the transplant in the re-
cipient are poorly understood. Potential drivers that could explain this 
variability include the disease indication for FMT (including genetics 
and inflammation status of the patient), the composition of the donor's 
and patient's gut microbiome at baseline (presence or abundance of 
single bacteria and the diversity), specific aspects of the FMT admin-
istration (e.g. preparation of faecal material, route of administration, 
amount of infused faeces) and environmental factors such as dietary 
habits of the recipient.63,64 Studies should further explore these dy-
namics as well as uncover species-specific engraftment patterns and 
their association with clinical variables, in order to further increase the 
efficacy and to be more consistent over cohorts.

3.3  |  Adverse events

Based on current evidence, side effects are usually not serious and 
self-limiting. However, every patient needs to be informed about 
the potential risks before the FMT administration, especially in im-
munocompromised patients where the risk is potentially greater.6 
In addition, as most studies were small and retrospective the risk 
of underreporting could also limits these findings. Most common 
side effects are abdominal pain, diarrhoea, vomiting, low-grade 
fever, flatulence and nausea besides the complications from en-
doscopy and/or sedation.6 The same adverse effects have been re-
ported in the studies included in this systematic review (see Table 3).​
5,6,8,10–14,17–21,29,38,40,42,50,54,58,61 This resulted in an overall number of 
serious adverse events (SAE) in 21/662 patients (3%) of which five 
could be related to the FMT (0.7%). The presenting symptoms of 
these latter were a large amount of rectal bleeding, gastric stricture, 
vomiting with dehydration, aspiration pneumonia and sepsis.6,12,64 
One death was reported with FMT due to sepsis and liver failure 
4 weeks after FMT in an immunocompromised patient.6 In adults, five 
deaths have been reported with FMT due to toxic megacolon with 
sepsis, peritonitis, two from aspiration pneumonia and one from an-
aesthesia during the colonoscopy.6 The FDA also warned of the risk 
of translocation with MDRO, as this resulted in one death among two 
immunocompromised adult patients who received investigational 
FMT.65 Finally, the risk of developing an IBD flare as well as the long-
term immunological effects of FMTs should be considered.6

3.4  |  Donor selection and microbiome

3.4.1  |  Current guidelines

For rCDI, the donor choice appears of minor importance, where 
there is no preference for either related or unrelated donors for FMT 
based on the current evidence.4 Although one could expect that FMT 
from a spouse might reduce the risk of infection transmission due to 

shared environmental risk factors. In addition, the adaptive immune 
system of the gut might be more tolerant towards the microbiota 
from the donor, as they will likely be more similar between the re-
cipient and his/her close relative.4 Nevertheless, these theoretical 
advantages have not been confirmed in practice. Even so, unrelated 
donors may be more favourable in other diseases, such as IBD, where 
genetics play a contributing factor in the pathogenesis.4

Potential donors should be screened according to international 
consensus guidelines 3–4 weeks before donation.4,66,67 The purpose 
of donor screening is to avoid the transmission of infectious agents. 
Usually, pre-existing questionnaires for blood donors are used, in ad-
dition to testing the donor blood for viral pathogens (human immu-
nodeficiency virus (HIV), hepatitis and syphilis) and the stools for the 
presence of pathogens such as CD or Helicobacter pylori if the upper 
gastrointestinal route is used for FMT administration. More often, a 
more rigorous approach is used with the exclusion of donors with un-
derlying medical disorders (such as IBD or IBS), chronic diarrhoea, reg-
ular hospital visits, underlying diseases and recent antibiotic use.26,66,67

After publication of the joint position paper of NASPGHAN and 
ESPGHAN on FMT in children,4 the FDA warned of the risk of trans-
location with MDRO. Stricter screening criteria for donors were 
proposed, with screening for these MDRO in FMT donors and to 
excluded donors at high risk for colonisation with MDRO.65–67

3.4.2  |  Donor selection for specific conditions

While acknowledging the current insufficiency of data to substanti-
ate the use of FMT for therapeutic indications beyond rCDI, it is cru-
cial to recognise the multifaceted nature of FMT efficacy. Numerous 
variables, such as donor microbial profiles, recipient inflammatory 
burden, microbial diversity, FMT preparation protocols and admin-
istration specifics, can significantly influence outcomes. Exploring 
FMT under specific donor conditions may unveil more favourable 
effects, emphasising the importance of nuanced considerations in 
assessing its therapeutic potential. Published observations suggest 
that donor composition may be even more important in non-rCDI 
indications. More specifically, the key to FMT success probably lies 
in the ability of the donor to restore the metabolic deficits in the 
recipients and thereby reset the gut homeostasis that is contributing 
to disease. A high donor bacterial diversity was associated with more 
favourable FMT efficacy in patients with IBD.68

The potential of a ‘super-donor’ for treating UC patients with 
FMT was first described in the RCT of Moayyedi et al.31 Seven of 
the nine FMT responders received faeces-derived matter from 
the same donor that was enriched with the Ruminococcaceae and 
Lachnospiraceae families.31 Treatment successes attributable to 
this donor were 39% (7/18) versus 10% (2/10) with other donors.31 
Since then, several studies have confirmed that a high diversity of 
the gut microbiota is crucial, including in children.38,41 Goyal et al. 
investigated the microbiome of paediatric IBD patients after FMT.38 
They saw that clinical responders had more Fusobacterium, reduced 
microbial richness (or alfa-diversity) pre- and higher post-FMT.38 
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8  |    LAUWERS et al.

Kellermayer et al. also demonstrated that the increased abundance 
of Coprococcus and Lachnospiraceae could have a beneficial effect on 
paediatric patients with UC.41

Donor selection will also depend on the underlying disorder. 
For IBS patients, donors with high abundances of Bifidobacterium 
are preferred.69 However, for inflammatory conditions, such as IBD 
and metabolic syndrome, restoration of butyrate-producing taxa by 
key members within Clostridium clusters IV and XIVa has been as-
sociated with prolonged clinical remission in IBD after FMT therapy. 
Whereas abundance of Streptococcus species was associated with no 
response.70 Also, for rCDI, selecting donors containing a high butyrate 
and balanced Bacteroidetes/Firmicutes microbiota showed promising 
results in a small prospective paediatric cohort study with a 100% suc-
cess rate after 10 weeks.13 Despite this existing knowledge, the quest 
for optimal donor-specific conditions remains ongoing.

3.5  |  Administration

Several routes of administration have been described for FMTs 
through the upper and lower gastrointestinal tracts. The most 

common routes are via esophagogastroduodenoscopy, nasogastric, 
nasojejunal or nasoduodenal tube, or colonoscopy or enemas. More 
recently, oral capsules with concentrated faecal microbes are also 
being introduced for ease of administration. In this systematic re-
view, the most common route of FMT delivery in the different stud-
ies was via the lower gastrointestinal tract (15 vs. 19 studies).

The mode of administration seems to have little impact on the 
overall efficacy in adult patients with rCDI.71,72 FMT enemas, FMT 
duodenal infusions or oral FMT capsules all resulted in similar ef-
ficacy rates (70%–90%). Unfortunately, in children only a head-to-
head comparison between a nasogastric tube and a gastrostomy 
tube was made, and not with enemas or colonoscopy.8,14 There are 
two head-to-head studies that showed conflicting results, empha-
sising the need for further investigations in children. The feasibil-
ity of oral FMT in children was also retrospectively investigated by 
Youngster et  al.73 The patients (five paediatric and 175 adult pa-
tients) needed to take 30 capsules over a two-day period. Only the 
overall effectiveness and side effects of this procedure were men-
tioned and they were similar to previously described in the literature 
when using the more common routes, with an effectiveness of 82% 
after one treatment and 91% after two treatments.73

TA B L E  3  Adverse events of faecal microbiota transplantation.

Ref. Number of patients SAE AE Symptoms

5 15 0 2/15 Haematochezia (due to IBD)

6 49, 114 FMT procedures 2/114 30/114 (19/49 
patients)

SAE: haematochezia and gastric stricture with haematemesis
AE: abdominal pain, diarrhoea, fever and vomiting (all self-limited)

8 42 0 6/42 Vomiting

10 8 0 2/8 Abdominal pain

11 11 0 4/11 Abdominal pain, diarrhoea, fever and vomiting

12 335 17/335 19/335 SAE: 2/17 related (aspiration pneumonia and admission for 
dehydration); 5/17 possible related; 10/17: not related

13 10 0 0

14 34 0 8/34 Abdominal pain, diarrhoea and bloating

17 3 0 0

18 8 0 1/8 Abdominal pain, fever (influenza positive after 2 days)

19 10 0 1/10 Emesis and mucus in stool

20 6 1/6 0 Appendicitis

21 10 0 5/10 Abdominal pain, diarrhoea, flatulence or bloating, emesis and bloody 
stools

29 9 0 Depending on 
symptoms

Abdominal pain (5/9), diarrhoea (4/9), flatulence (1/9) and bloating 
(5/9)

38 21 0 12/21 Abdominal pain, diarrhoea, flatulence or bloating, emesis and bloody 
stools

40 10 0 2/10 Vomiting or nausea

42 10 0 9/10 Abdominal pain, diarrhoea, bloating and fever (2/10 fever)

50 7 0 0

54 5 1 0 Sepsis (patient with HSCT)

58 42 0 529 responses Diarrhoea (10%), abdominal pain (7%), nausea or vomiting (4%), fever 
(2%) and bloody stools (0,4%)

61 17 0 0

Abbreviations: AE, adverse event; HSCT, haematopoietic stem cell transplant; IBD, inflammatory bowel disease; SAE, severe adverse events.
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    |  9LAUWERS et al.

Although the optimal route of administration remains to be 
determined, this will also influence the side effects.67 The disad-
vantages of FMT via the upper gastrointestinal tract are the risk 
of aspiration, potential discomfort during tube placement, and the 
inability to evaluate the colon mucosa and/or take issue samples. 
Bowel cleansing before FMT via colonoscopy can probably reduce 
the number of residual organisms and spores, but it is an invasive 
and expensive procedure.71 In addition, in children, this procedure 
requires sedation or anaesthesia. FMT via enema is less invasive 
than colonoscopy, but the optimal location of the delivery of the 
FMT is still unclear, whether this should be given all in the cecum 
versus distal colon versus distributed throughout the colon.67 
Another key point to discuss is whether FMT can be given once 
or in multiple intensive doses. This will probably depend on the 
underlying disease as well as the initial patient's response and the 
sustained response to the treatment.67 Further investigation is 
warranted on this topic.

Finally, there is no consensus over the optimal FMT preparation 
procedure.66,67 This can be either processed banked stool frozen at 
−80°C or fresh stool collected within 24 h of administration.

4  |  DISCUSSION

FMT is considered a rapidly emerging new therapy with currently 
more than 379 studies listed on Clini​calTr​ials.​gov, implying that FMT 
has found its way in the scientific community.

FMT is considered a standard treatment for rCDI, as also pro-
posed by the NASPGHAN and ESPGHAN consensus guidelines.4 In 
this systematic review, data of 538 reported cases with FMT use 
in children with rCDI has been collected, showing the efficacy and 
safety of this procedure in children. Even so, intervention with FMT 
has reached far beyond its undisputed indication, rCDI. By analogy 
with rCDI, there is some promising data on decolonisation of MDRO 
by treating them with FMT.52–54 This could be of interest in the fu-
ture to help children with MDRO infections, which is an emerging 
problem.9 But the list does not end there. Despite promising results 
for many other disorders, major drawbacks are the small sample 
sizes, open label study design with patients who believe in the ther-
apeutic value of this ‘natural’ therapy that will be selected, lack of 
long-term follow-up, the heterogeneity of the different protocols 
limiting generalisability and the propensity for studies with positive 
results to be published. Therefore, more RCT studies in children are 
wanted, especially in children with other comorbidities such as IBD.

Based on this systematic review, the side effects were limited, 
but potentially higher in immunodeficient patients and IBD patients, 
including the risk of developing a flare.6,12 In addition, the down-
stream consequences of altering the microbiota by FMT are poorly 
understood. Especially at such an early age in the development 
where changes in the microbiome have been associated with the 
development of autoimmune, metabolic and psychiatric diseases.2 
Furthermore, FMT predominantly targets microbiome modification 
in the colon, yet crucial immune system interactions occur primarily 

in the small intestine. To ensure the successful integration of these 
therapies, a careful understanding of the functional role of the gut mi-
crobiome in regulating not only mucosal but also systemic immunity is 
imperative. Finally, the knowledge of the bacterial microbiota is rapidly 
expanding over the last few years, but little is known about the viral 
or fungal composition in the gut.1 Also, the idea that FMT aims to re-
place ‘bad’ bacteria with ‘good or healthy’ bacteria is overly simplistic. 
Ongoing discussions persist about defining what constitutes a healthy 
microbiome. Current studies have solely focused on associations or 
correlations, falling short of establishing a causal relationship between 
gut microbiota and treatment response or disease severity.

In children, there is an added risk associated with performing en-
doscopies under anaesthesia in this vulnerable group. Additionally, 
alternative FMT delivery methods, such as oral capsule adminis-
tration, seems an attractive option for children,73 but may not be 
feasible for young children, as the large capsules may be impossible 
for younger children to swallow. Enemas are often less tolerated in 
children with lower retention time. Therefore, different routes are 
being proposed. A colonic transendoscopic enteral tubing can, for 
instance, be used to limit the amount of sedatives/anaesthesia used 
to admit multiple FMTs by colonoscopy.74 This probe is fixated with 
clips by colonoscopy, which can then be used until the clips fall out. 
In the future, a more personalised medicine would be appealing 
through the oral admission of laboratory-designed bacterial prod-
ucts based on the patient's needs.75

To increase the efficacy of FMT formulations, preparations should 
be refined to help standardise therapy and reduce variability in patient 
response, and even define super-donors.67 Follow-up studies are neces-
sary to see if we must change our donor/recipient selection for better/
safer results based on elucidating which patient profile might benefit 
from FMTs and which donors are able to induce a good response in cer-
tain conditions based on the microbiome or other characteristics. In ad-
dition, the frequency of treatment cycles and the longstanding effects 
of them still warrant further research. For instance, 18 weeks after the 
FMT administration, the effect of insulin sensitivity and the gut micro-
biota composition disappeared back to the baseline composition.57 Or 
even as soon as, 6 months after a FMT intervention in children with IBD, 
changes in gut microbiota disappeared.10 This underscores the tempo-
rary nature of this FMT intervention.

Donors are already being screened for many pathogens to elim-
inate the risk of being passed on to their potentially immunocom-
promised host. But this might not be enough. The study by Drewes 
et al. shows that procarcinogenic bacteria such as Enterotoxigenic 
Bacteroides fragilis, Fusobacterium nucleatum and E. coli colibactin can 
also be passed on to their recipients.15 However, it is not yet clear 
whether this is associated with a higher risk of developing colorectal 
tumours.

5  |  CONCLUSION

This systematic review confirms that FMT seems to be a safe and 
effective treatment for rCDI, although severe adverse events have 
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been reported in children. Secondly, there are currently insufficient 
data to support the use of FMT for other potential therapeutic indi-
cations beside maybe for decolonization of MDRO. In addition, there 
is a potential high risk of publication bias where selective reporting 
of positive outcomes (for instance, as seen in IBD) will have skewed 
the overall understanding of this intervention, leading to an incom-
plete and potentially misleading picture. Therefore, there is a need 
for large RCTs that can demonstrate the effectiveness of FMT in 
these other conditions, also in children. To date, there are still many 
considerations to address when conducting FMT in paediatric pa-
tients, especially the uniformity of transplant protocols, route of ad-
ministration, donor selection, frequency of treatment cycles and the 
longstanding effects.
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