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Abstract
Background Fecal microbiota transplantation (FMT) has been well described in the treatment of pediatric diseases; however, 
the latest updates regarding its use in children are unclear and the concepts involved need to be revisited.
Data sources We performed advanced searches in the MEDLINE, EMBASE, and Cochrane databases using the keywords 
“Fecal microbiota transplantation OR Fecal microbiota transfer” in the [Title/Abstract] to identify relevant articles published 
in English within the last five years. To identify additional studies, reference lists of review articles and included studies were 
manually searched. Retrieved manuscripts (case reports, reviews, and abstracts) were assessed by the authors.
Results Among the articles, studies were based on the mechanism (n = 28), sample preparation (n = 9), delivery approaches 
(n = 23), safety (n = 26), and indications (n = 67), including Clostridium difficile infection (CDI) and recurrent C. difficile 
infection (rCDI; n = 21), non-alcoholic fatty liver disease (NAFLD; n = 10), irritable bowel syndrome (IBS; n = 5), inflam-
matory bowel disease (IBD; n = 15), diabetes (n = 5), functional constipation (FC; n = 4), and autism spectrum disorder 
(ASD; n = 7).
Conclusions Concepts of FMT in pediatric diseases have been updated with respect to underlying mechanisms, methodol-
ogy, indications, and safety. Evidence-based clinical trials for the use of FMT in pediatric diseases should be introduced to 
resolve the challenges of dosage, duration, initiation, and the end point of treatment.

Keywords Autism spectrum disorder · Children · Clostridium difficile infection · Fecal microbiota transplantation · 
Functional constipation · Safety

Introduction

Fecal microbiota transplantation (FMT) is a method that trans-
fers stool from a healthy donor to a recipient to restore the 
intestinal microbiota environment and achieve a therapeutic 
benefit. FMT was first recorded in the Jin Dynasty in ancient 
China. A Chinese physician, Hong Ge, elaborated the effect 
of stool by mouth on patients with food poisoning or severe 
diarrhea. In the “Compendium of Materia Medica,” written 
by Shi-Zhen Li in the Ming Dynasty, over 20 FMT methods 

were documented for treating gastrointestinal diseases such 
as food poisoning, diarrhea, fever, vomiting, constipation, 
and abdominal pain [1]. FMT was also applied in veterinary 
medicine in Europe in the sixteenth century. Additional thera-
peutic use of human excretions was described in Europe in the 
eighteenth and nineteenth centuries and in World War II, dur-
ing which gut bacteria were administered to German soldiers 
suffering from dysentery in the North African campaign [2]. 
More scientifically, in 1958, Eismann successfully utilized 
fecal transplantation via enemas in four patients for the treat-
ment of severe pseudomembranous colitis [3]. Three of the 
four patients recovered and were discharged from the hospital 
after several days, while the fourth patient died from non-
intestinal-associated diarrhea. Taken together, these results 
suggested the clinical value of FMT [3].

In early 2011, FMT was proposed to treat gastrointestinal 
diseases[4]. Physicians called for the use of FMT by colo-
noscopy, gastroscopy, and gastroduodenal catheterization 
for Clostridium difficile infection (CDI) instead of surgery 
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in an effort to reduce deaths. Since that time, the number 
of studies focusing on FMT has increased rapidly. In 2012, 
Khorouts et al. carried out the first study using standard 
cryopreserved bacteria [5]. In 2013, Nood et al. reported 
that FMT was successful in the treatment of a recurrent C. 
difficile infection (rCDI) in a randomized controlled trial 
at the University of Amsterdam [6]. At the same time, the 
Food and Drug Administration (FDA) approved the use of 
FMT in humans [7]. In the pediatric population, the first use 
of FMT can be traced to Massachusetts General Hospital in 
the United States in 2010. Russell et al. reported a two-year-
old child with rCDI whose symptoms resolved completely 
36 hours after FMT administration and no recurrences or 
adverse events (AEs) occurred during the six-month follow-
up period [8]. Although the enormous potential of FMT is 
apparent, FMT-related AEs have been identified in the pub-
lished literature [9–13]. Therefore, the acceptance, use, and 
safety of FMT are still under investigation.

Mechanism underlying fecal microbiota 
transplantation

The goal of FMT is to re-establish the intestinal flora by nor-
malizing the amount and activity of immune and inflamma-
tory responses, neurotransmitters and vasoactive substances, 
and energy metabolism [14]. The diversity of the microbiota 
prevents the colonization and overgrowth of pathogens when 
homeostasis is achieved in the gastrointestinal tract. FMT can 
make the composition of the gut microbiota similar to that of 
the donor so that the proportion and diversity of beneficial 
bacteria is balanced [15]. FMT can reduce intestinal perme-
ability and maintain the integrity of the epithelial barrier by 
increasing the production of short-chain fatty acids, thereby 
reducing the severity of the disease [14, 16, 17]. Moreover, 
gut microbiota can activate the humoral immune response 
and induce the synthesis of immunoglobulin A (IgA), immu-
noglobulin G (IgG), and immunoglobulin M (IgM) through 
the Toll-like receptor (TLR) pathway, thus protecting the 
intestinal mucosa [14]. FMT inhibits the secretion of proin-
flammatory cytokines and promotes T helper 1 (Th1) cell dif-
ferentiation, T cell activity, leukocyte adhesion, and immune-
stimulating factors [7]. FMT also reduces intestinal pH and 
increases the adhesion of bacteria to  H2O2, inhibiting the 
transport of pathogens [18]. All these findings serve as the 
presumed mechanism underlying FMT effectiveness [14–18].

Indications

Advanced searches in the MEDLINE, Embase, Cochrane 
Library, and Cochrane IBD Group Specialized Register 
databases with the terms “Fecal Microbiota Transplantation 

OR Fecal Microbiota Transfer” in the [Title/Abstract] field 
were performed. Based on the research strategy, a bibliomet-
ric analysis was performed on the use of FMT in children 
in the last five years, and 67 articles reported the indica-
tions of FMT in children (Fig. 1). The acquired literature 
included Clostridium difficile infection (CDI) and recurrent 
Clostridium difficile infection (rCDI; n = 21), non-alco-
holic fatty liver disease (NAFLD; n = 10), irritable bowel 
syndrome (IBS; n = 5), inflammatory bowel disease (IBD; 
n = 15), diabetes (n = 5), functional constipation (FC; n = 4), 
and autism spectrum disorder (ASD; n = 7). The references, 
study design, interventions, and results of the indicated dis-
eases for pediatric FMT were retrieved and are summarized 
in Table 1.

Established indications

Clostridium difficile infection

Clostridium difficile infection (CDI) and recurrent Clostrid-
ium difficile infection (rCDI) are considered the most suit-
able indications for pediatric FMT [19]. The incidence of 
rCDIs has been reported to be as high as 90%, some of 

Fig. 1  Literature related to fecal microbiota transplantation (FMT) 
includes indications, mechanism, donor exclusion, sample prepara-
tion, and delivery methods
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which are appropriate for traditional therapy [5, 6, 9, 20]. 
The youngest reported child receiving FMT for CDI was 
a 13-month-old infant [21]; several other reports involved 
children over three years of age [10, 12, 22]. These cases 
were successful, and FMT for CDI has been associated with 
improved growth in young children [22]. Russell reported 
the first case of a two-year-old child with rCDI for whom 
the donor was transported through a nasogastric tube to 
the child’s small intestine in 2010 [8]. The CDI symptoms 
resolved completely 36 hours after FMT administration, 
and there were no recurrences or adverse reactions during 
six months of follow-up [8]. Suchitra selected nine pairs of 
donor receptors with an average age of 10 years in 2019 to 
examine the efficacy of FMT in pediatric CDIs [23]. Three 
days after FMT treatment, CDI-related symptoms of all 
recipients were alleviated, and no recurrences occurred. 
During the follow-up period, one patient had long-term C. 
difficile-negative diarrhea and intermittent incontinence, 
which was mild and different in nature compared with CDI 
symptoms before FMT [23]. Furthermore, a multicenter ret-
rospective cohort study was also conducted on the largest 

sample size of CDI trials in children [35]. Of the 335 chil-
dren, 271 (80.9%) were cured by the traditional therapeu-
tic regimen. In the remaining 64 children with rCDIs, 19 
(53.1%) were cured after FMT treatment, reaching an overall 
success rate of 88.6%.

Inflammatory bowel disease

The efficacy and safety of FMT in pediatric IBD has been 
confirmed in several studies [24–27]. Katarzyna assessed 
the effectiveness of a two-week FMT course in 10 children 
(10–17 years of age) with moderate-to-severe IBD by freshly 
prepared FMT via a nasoduodenal tube and found that a short, 
intensive course of FMT has a beneficial effect on ulcera-
tive colitis (UC) and Crohn’s disease (CD) [24]. Goyal et al. 
reported 21 patients with IBD refractory to medical therapy 
who underwent a single FMT by upper and lower endoscopy 
with a median age of 12 years; 57% and 28% demonstrated 
clinical responses one and six months after FMT adminis-
tration. Two patients with CDI were in full remission at six 
months [28]. Similarly, in 2019, Cho reported a 75% rate 

Table 1  Current potential indications for pediatric FMT

FMT fecal microbiota transplantation, CDI Clostridium difficile infection, IBD inflammatory bowel disease, IBS irritable bowel syndrome, FC 
functional constipation, NAFLD non-alcoholic fatty liver disease, ASD autism spectrum disorder

Diseases The first author Year Identifier
(PMID)

Design Intervention Numbers References

CDI Khoruts A 2010 20048681 Case report Colonoscopy 1 9
Hamilton MJ 2012 22290405 Case control study Colonoscopy 43 5
Van Nood E 2013 23323867 Case control study Nasoduodenal tube 32 6
Wang J 2015 25798243 Case report Nasal jejunal 1 21
Kronman MP 2015 25162365 Case report Nasogastric tube 10 10
Walia R 2014 25162365 Case report Colonoscopy 2 22
Kahn SA 2012 23211865 Case report Nasogastric tube 1 12
Russell G 2010 20547640 Case report Nasogastric tube 1 8
Hourigan SK 2019 31660343 Case report Colonoscopy 9 23

IBD Karolewska-Bochenek K 2018 29151253 Case report Nasoduodenal tube 10 24
Kunde S 2013 23542823 Case report Enema 10 25
Goyal A 2018 29361092 A prospective trial Endoscopy 20 28
Cho S 2019 30320666 A retrospective trial Colonoscopy 8 29
Moutinho BD 2019 30632438 Case report Colonoscopy 1 30
Shimizu H 2016 27324973 Case report Colonoscopy 1 31
Hourigan SK 2015 26198180 Case report Colonoscopy 8 27

IBS Johnsen PH 2018 29100842 RCT Colonoscopy 90 33
FC Tian H 2016 26751143 A pilot study Nasojejunal tube 24 35
NAFLD Philips CA 2017 27816755 A pilot study Nasoduodenal tube 8 43
ASD Kang DW 2017 28122648 An open-label study Oral and colonoscopy 18 45

Li N 2021 34737978 An open-label study Capsule and colonoscopy 56 46
Chen Y 2022 35105621 RCT Capsule 318 47

Diabetes Leiva-Gea I 2018 30224347 Case-control study Oral 43 52
Solito A 2021 34229463 RCT Oral 101 56



 World Journal of Pediatrics

1 3

response in eight patients with IBD three months after FMT 
[29]; however, contrary results have also been reported. In a 
case report of a 17-year-old male with refractory UC, clini-
cal improvement lasted for only one month before symptoms 
recurred. A second implementation of FMT also led to no 
improvements [30]. In another case involving an 11-year-old 
girl, the first FMT led to exacerbation of UC symptoms, while 
repeated procedures allowed her to remain in remission with 
a minimal dose of steroids [31]. There are two points that may 
contribute to the variation in FMT in childhood IBD. First, the 
pathogenesis of IBD in children may differ from that in adults. 
Second, most parents do not allow their children to be research 
subjects for safety reasons, thus resulting in poor compliance 
and a high dropout rate in the pediatric population.

Potential indications

Irritable bowel syndrome

In 2019, a systematic review and meta-analysis reported the 
efficacy of FMT in the IBS through a total of 33 randomized 
clinical trials (RCTs) involving 4321 patients [32]. The 
authors pointed out that the clinical symptoms of IBS were 
alleviated after FMT treatment. Other meta-analyses and 
cohort studies have shown significant improvement in IBS 
patients after FMT treatment [33, 34]. FMT has enormous 
potential in adult IBS. Nevertheless, there is still uncertainty 
about FMT treatment in pediatric IBS because clinical trials 
for treating childhood IBS have not been conducted.

Functional constipation

Functional constipation has also been reported as a potential 
indication for FMT. In 2016, Tian conducted an open-label 
study of FMT in the treatment of slow-transit constipation 
(STC) [35]. In this trial, 24 STC patients (20–74 years of 
age) were enrolled. FMT was performed on three consecu-
tive days through nasal-jejunal tubes, and the patients under-
went follow-up for 12 weeks. Clinical improvement was 
shown in 50% (12/24) of those recruited, and full remission 
was found in 37.5% (9/24) with no AEs reported [35]. Simi-
lar results regarding the use of FMT in childhood constipa-
tion have also been reported. In 2016, de Meij TG reported 
a significant increase in bacterial species in a study using 
conventional culture techniques in 28 constipated children 
compared with 14 healthy children [36]. By comparing the 
fecal flora between eight constipated children and 14 healthy 
children, the authors observed an increase in the abundance 
of bifidobacteria in constipated subjects [36]. Together, 
these results indicated that FMT has enormous potential for 
treating childhood constipation [37].

Fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) severity is 
closely related to the dysregulation of intestinal bacteria 
and changes in metabolic function. Studies have shown 
differences in the composition of bacteria in the feces of 
NAFLD and healthy patients [38]. Another study involving 
non-alcoholic steatohepatitis (NASH) in children mentioned 
that compared with the control group, the content of bacte-
rial components in NASH children was different. A meta-
analysis confirmed that at normal transaminase levels, the 
laboratory indices of the probiotic experimental treatment 
group improved significantly compared to the placebo group 
[39]. Reducing the number of harmful microbiota can also 
increase the concentration of butyrate in the cecum and the 
expression of the intestinal tight junction protein (ZO-1). 
The increased butyrate and tight junction protein, ZO-1, is 
beneficial because butyrate is the energy source of colonic 
motility, and ZO-1 can repair the mucosal barrier of the 
colonic epithelium [40]. A meta-analysis confirmed that 
probiotics reduced the number of harmful microbiota and 
increased the level of butyrate and ZO-1 [41]. It has been 
reported that with the recovery of intestinal flora, the symp-
toms of portal hypertension and other hepatic symptoms sig-
nificantly improved [42]. Moreover, the implementation of 
FMT has not increased the incidence of AEs in any NASH/
NAFLD patients [43]. On the basis of existing clinical and 
experimental data, FMT has therapeutic potential in NASH/
NAFLD [43].

Autism spectrum disorder

Gut flora and its metabolites play an important role in the 
pathophysiology of ASD [44–47]. In 2017, Kang adopted a 
modified FMT regimen involving 18 participants with ASD 
(7–16 years of age) [45]. An improvement was observed 
in 89% of the participants with respect to the symptoms of 
diarrhea, constipation, dyspepsia, and abdominal pain, but 
the autism symptoms were not significantly reduced [45]. 
Subsequently, the author performed a two-year follow-up 
evaluation, and in 2019, the ASD symptoms of the par-
ticipants were re-evaluated [45]. Interestingly, a significant 
improvement in behavior symptoms was observed in all par-
ticipants compared to the baseline measurements, suggesting 
the effectiveness of FMT in ASD [48]. Nevertheless, the 
remission of ASD symptoms of the participants could not 
be completely attributed to FMT because the improvement 
of behavioral symptoms occurred two years later. The brain-
intestine axis may be a means of communication between the 
brain and intestinal flora. Several studies have shown how 
the gut flora may alter brain function [49–51].
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Diabetes

To determine the differences in intestinal flora among chil-
dren with metabolic diseases, Isabel Leiva-Gea published 
a study in 2018 comparing 15 diabetic and 13 healthy 
children [52]. Leiva-Gea reported that the intestinal flora 
in children with type 1 diabetes differed in classifica-
tion and function from healthy subjects, and there were 
fundamental differences in non-autoimmune diabetes 
models. In another study, Vrieze administered FMT to 
patients with metabolic syndrome, and insulin sensitivity 
improved significantly after FMT administration, suggest-
ing the feasibility of FMT in metabolic diseases [53–55]. 
Solito assessed the effects of probiotic supplementation on 
weight and metabolism in 101 obese and insulin-resistant 
young children in a cross-over, double-blind, randomized 
controlled trial [56]. The study demonstrated that eight 
weeks of intervention was safe, well tolerated, and effi-
cacious in improving insulin sensitivity and supporting 
weight loss.

Methodology

Donor screening

Stool samples from a healthy donor are the first require-
ment for FMT. Consent from a parent is required for FMT 
involving a child. Donor samples must be safe and reliable 
and cannot introduce iatrogenic diseases. Donor exclusion 
criteria are shown in Table 2 [19, 33, 53, 57–61]. Based on 
domestic and international donor screening standards, the 
main direction and focus of screening FMT donors are the 
factors that affect the quality and efficacy of the fecal bacte-
ria solution of the donor, such as gastrointestinal tract, infec-
tious diseases, use of drugs, and immunologic conditions. 
We also do not currently understand how to select an ideal 
FMT recipient or how other underlying conditions might 
impact the response [62–64]. Current screening protocols 
for FMT may be insufficient. Little is known about what 
qualifies as an effective or safe donor and does not account 
for the possibility of gut microbiota perturbations. Similarly, 

Table 2  Disease screening and laboratory test for donor candidates

AIDS acquired immune deficiency syndrome, CDI Clostridium difficile infection, IBD inflammatory bowel disease, IBS irritable bowel syn-
drome, IgG immunoglobulin G, IgM immunoglobulin M, TPPA/TPHA Treponema pallidum particle agglutination assay/Treponema pallidum 
hemagglutination assay, RT-PCR reverse transcription-polymerase chain reaction, COVID-19 corona virus disease 2019, SARS-CoV-2   severe 
acute respiratory syndrome coronavirus 2

Categories

History of diseases
 Infectious diseases: AIDS, hepatitis, tuberculosis
 Gastrointestinal diseases: CDI, IBD, IBS, constipation, gastrointestinal surgery in the past 6 mon
 Immune system diseases or immunomodulatory treatment
 Tumors
 Metabolic syndrome and/or obesity
 Inherited metabolic diseases: phenylketonuria, lysosomal storage disorders, glycogen storage disease, favism
 Use of antibiotics within 3 mon

Serological screening
 Hepatitis series virus antibody: hepatitis A, B, C, I and II virus surface antigen
 Epstein–Barr virus (IgG and IgM) and cytomegalovirus (IgG and IgM.)
 AIDS
 Bacterial test: syphilis reagin test; TPPA/TPHA; tuberculosis
 Routine blood examination
 Liver and renal function
 C-reactive protein, erythrocyte sedimentation rate and anti-streptolysin O test
 Insulin and blood glucose

Stool test
 Viral test: viruses associated with diarrhea (RT-PCR): rotavirus, norovirus, astrovirus
 Parasitic test: Ascaris, Ancylostoma duodenale, Strongyloides stercoralis, Giardia lamblia, Entamoeba histolytica, Trichuris trichiura, Clonor-

chis sinensis, Blastocystis hominis
 Bacterial tests: Helicobacter pylori; Salmonella spp., Shigella spp., Vibrio spp., Campylobacter spp., Yersinia enterocolitica and Aeromonas 

spp.
 Additional fecal test: fecal white blood cell, Occult blood

Additional test
 Abdominal ultrasound
 Abdominal and chest (posteroanterior) radiography
 COVID-19 tests (only for pandemic period): nasopharyngeal swab, serology for SARS-CoV-2, stool testing for SARS-CoV-2
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in the pediatric population, the donor criteria must fulfill the 
above-described standards, but specific tests should be added 
to the criteria for a pediatric donor. Factors that may affect 
child development need to be taken into account. When con-
sidering a donor, it is necessary to exclude child-specific 
diseases, such as attention-deficit hyperactivity disorder, 
autism, and other inherited metabolic disorders, because all 
these diseases have the potential to increase the risk of addi-
tional diseases in the FMT recipient.

Preparation

Stool that is used for FMT can be fresh or frozen [19, 
65–70]. Fresh stool should be disposed of within six hours 
of donation and stored at room temperature for further treat-
ment. The feces are thoroughly stirred with standard sterile 
sodium chloride, and the filtrate is drawn into a syringe and 
injected into the gastrointestinal channel of the recipient. 
Another type of frozen feces is made by collecting feces 
from a group of pre-screened donors and storing frozen feces 
in the feces bank in equal aliquots. Final disposal is in stor-
age at −80 °C. On the day of FMT, the fecal suspension 
is defrosted in a warm water bath (37°C), then dissolved 
in normal saline to obtain the expected volume of the sus-
pension. The infusion is performed within six hours after 
defrosting [7]. Notably, repeated defrosting and freezing 
should be avoided. Regardless of the methods used to obtain 
the fecal liquid, the principle of asepsis must be considered 
in the process of making fecal bacteria liquid for FMT, and 
the influence of air oxidation on fecal bacteria should be 
prevented. It is often not possible to determine the amount 
of fecal bacteria liquid that the patient needs. Compared 
with the relatively large amount of the infusion, the risk 
of failure when the infusion amount is < 50 g is more than 
fourfold higher [20]. The determination of the amount of 

fecal bacteria solution warrants further experimental deter-
mination [60], and there is also no clear consensus on the 
best method of preservation [67, 68, 71, 72].

Delivery approaches

We consider differences in treatment and the preparation 
of fecal specimens, and patient acceptance of the differ-
ent delivery methods. The current delivery approaches for 
FMT include the following: (1) nasogastric, nasoduodenal, 
or nasal-jejunal tube; (2) capsule; (3) colonoscopy (stool 
deposited into the right colon or terminal ileum); (4) oral; 
and (5) enema [2, 73]. Table 3 shows there are notable dif-
ferences among delivery methods. Colonoscopy is a good 
option for the delivery of FMT both in children and adults 
[72, 74–77]. Compared with other methods, the treatment 
effects of colonoscopy are better in pediatric patients; how-
ever, colonoscopy is invasive, requires sedation, has the 
standard risks of colonoscopy, and the effectiveness may be 
limited within the colon (i.e., not the entire intestine) [78]. 
Capsule technology, which has emerged in recent years, is an 
effective delivery approach for pediatric FMT and can over-
come the psychological problems of “oral feces” [71], but it 
is very expensive and has high technical requirements that 
exceed the capabilities of most hospitals. Specifically, an 
oral capsule is unsuitable in children because an oral capsule 
has the risks of becoming lodged in the esophagus and aspi-
rated. At the same time, the effectiveness of an oral capsule 
is tentative because the number of fecal bacteria contained 
might not meet the requirements for FMT. A nasogastric/
nasoduodenal/nasal-jejunal tube is easy to use and has the 
lowest technical requirements. Retrograde colonic enemas 
via an anal tube are also a widely used method of deliv-
ery. Enemas are easy to perform at home, even in pediat-
ric patients. However, enemas are only effective for colon 

Table 3  Advantages and disadvantages of the different delivery approaches for FMT

FMT fecal microbiota transplantation, rCDI recurrent Clostridium difficile infection

Approaches Advantage Disadvantage

Nasogastric/nasoduodenal/naso-
jejunal

Avoids sedation
Low cost

Discomfort of tube placement
Risk of vomiting and aspiration
Inability to evaluate mucosa or take biopsies

Capsules No sedation risk
Less invasive
Can be administered in office setting

Expensive
Less effective than colonoscopy
Capsule burden
Risks of vomiting and aspiration

Colonoscopy Ability to evaluate mucosa and take biopsies
Most effective route for treatment of rCDI

Invasive and requires sedation
Standard risks of colonoscopy (discomfort, 

perforation, bleeding)
Expensive

Enema Low cost
Less invasive and avoids sedation
Easy to carry out in office or at home

Donor stool does not reach the entire colon 
and limited to distal colon

Less effective than other routes for rCDI
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diseases because the transplanted microbiota may not be dis-
tributed throughout the entire intestine. Each FMT method 
has advantages and disadvantages. Clinicians should, there-
fore, select the appropriate approach based on the purpose 
and technical capabilities.

Safety of fecal microbiota transplantation

Although FMT has shown excellent therapeutic effects in 
pediatric diseases, it is worth noting that many AEs have 
been reported [34, 79]. The most common AEs included 
abdominal pain, gastrointestinal flatulence, diarrhea, con-
stipation, fever, nausea, and vomiting [80, 81]. Serious com-
plications, such as sedation-induced aspiration, perforation, 
bleeding, toxic megacolon with sepsis and peritonitis, fatal 
aspiration pneumonia, and death under anesthesia, have 
also been reported [80]. Potential risks for pediatric FMT 
include infectious diseases, obesity, diabetes, atheroscle-
rosis, cancer, NAFLD, and asthma [80]. In the pediatric 
population, especially in newborns, specific AEs include 
belching, abdominal distention, abdominal pain, vomiting, 
diarrhea, fever, or transient CRP elevation [19, 28, 48, 82]. 
Kumagai reported that the AEs in clinical course of UC in a 
child who received FMT was transient fever and abdominal 
pain [83]. From 2013 to 2018, Zhang focused on AEs in the 
short and long terms in pediatric FMT patients. Only a few 
children developed AEs in the short term, while few AEs 
occurred during the long-term follow-up. Indeed, no fatal 
AEs associated with FMT have been reported in children 
[19, 82, 84–87].

Perspectives and future

FMT has become widely practiced over recent years, and 
interest in FMT has surged among pediatricians and patients. 
Although the therapeutic effect of FMT in adults is satis-
factory, the clinical practice of FMT in pediatrics needs 
to be improved and supplemented. The gap of FMT in the 
treatment of pediatric diseases reminds pediatricians that 
they need to consider many challenges, such as the required 
dosage, duration, onset, and end point of treatment. Future 
pediatric guidelines/studies should specify established indi-
cations versus potential/scientific indications. Additional 
larger, controlled, and prospective studies are needed to 
clarify both the safety and efficacy of FMT in pediatrics.
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