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Abstract

Fecal microbiota transplant (FMT) has been introduced several decades ago in an 
attempt to restore the gut microbial balance. FMT appears to be the most efficient method 
to effectively change and sustain the gut microbial composition. To this date there have been 
a great number of reports of success in eliminating recurrent Clostridium difficile infections 
and restoring the gut microbial profile to resemble that of the healthy donor. The new gut 
microbiome appears to be stable in the recipients for at least 24 weeks. The efficacy of 
this “relatively novel” intervention in this difficult to treat population is 90%.  This is superior 
to any other therapeutic modality, yet effective when all other therapeutic avenues have 
failed.  While over 300 cases have been described in the literature, it has been difficult 
for the pediatric scientific community to embrace this therapy as there are only sporadic 
reports in children.  FMT has also been used to treat inflammatory bowel disease, especially 
ulcerative colitis. There have been a number of successful case reports in ulcerative colitis, 
to suggest control of disease activity and a cure in some cases. However, there has not 
been uniform success reported for the use of FMT, especially in severe cases recalcitrant 
to medical therapy. Therefore, there is a strong need to determine the safety and efficacy 
of FMT in future pediatric randomized controlled studies, especially in inflammatory bowel 
disease. This review describes the rationale for fecal transplant and provides an update on 
the current published studies. 

INTRODUCTION 

Overview of the gut microbiome

The human gut hosts the largest microbial community 

harbored in our bodies. Its contribution towards our health 
and wellbeing is just beginning to be explored. Gastrointestinal 
infections, inflammatory bowel disease, obesity, and non-
alcoholic fatty liver are just a few disorders that are directly 



Central

Michail et al. (2015)
Email: 

Ann Pediatr Child Health 3(2): 1043 (2015) 2/9

linked to an imbalance in the gut microbiome.  So what exactly is 
the gut microbiome? It is a community of microorganisms living 
in a specified body space, in this case, the gut. The organisms 
interact with each other as well as with the gastrointestinal 
mucosa and the gut mucosal immune system. They can be 
bacterial, viral (virome) or fungal (fungome). They produce a 
host of metabolites also called the metabolome. The microbiome 
helps recycle non-digested carbohydrates and converts them 
into short chain fatty acids that contribute to a healthy colon and 
can be used as fuel for the colonocytes. Micronutrient synthesis, 
toxin elimination, gut development, maturation and angiogenesis 
and fortification of gut barrier and immune function are also 
important gut microbial accomplishments.

The role of the gut microbiome in Clostridium difficile 
infections

Clostridium edificial is an anaerobic spore-forming and toxin 
producing bacterium capable of causing colitis. The incidence of 
C. difficile infection (CDI) has alarmingly increased over the past 
several years [1-3] and the affected population has expanded 
to include those previously at low risk, such as children [4]. In 
a recent pediatric study[2], the incidence of CDI has increased 
12.5 fold over the past 18 years, with severe CDI and death 
occurring in 9% and 1% of cases, respectively[5] (Figure 1). At 
least 20% of all the cases are recurrent in nature. Management of 
C. difficile infections has become progressively challenging due 
to the emergence of resistant strains which result in treatment 
failure with traditional antimicrobial therapy.  The Centers 
for Disease Control (CDC) announced that, while most types of 
healthcare-associated infections are declining, C. difficile remains 
at historically high levels, causing diarrhea linked to 14,000 
American deaths each year. Furthermore, the annual US financial 
burden associated with this infection is estimated to exceed $1.8 
billion [6]. Therefore, there is an urgent medical and economical 
need to develop better therapies to reduce the recurrence of this 
infection. 

The contribution of the gut micro biome in recurrent C. 
edificial is related to the fact that host susceptibility to infections 

is strongly dependent on the permissiveness of the intestinal 
microbiota to C. difficile colonization. It has long been documented 
that CDI occurs after antimicrobial therapy, which is known to 
perturb this delicate balance [7-10]. In one particular study, De 
La Cochetiere and colleagues evaluated the microbiota before 
antibiotic treatment and demonstrated differed profile between 
individuals who developed CDI, suggesting that some individuals 
have a permissive gut microbial influence on infection [11].  In 
other studies, a decreased microbial diversity was found to be 
associated with a high risk of recurrence [12,13].  Active infection 
has been characterized by a microbiome rich in facultative 
anaerobes and deficient in Bifidobacteria and Bacteroides [14,15]. 
In children, a microbiome rich in Ruminococcus gnavus and 
Klebsiella pneumoniae was permissive for C. difficile colonization 
and a microbiome abundant in Bifidobacteria was associated with 
colonization resistance [16]. Low levels of Bifidobacteria were 
seen in children with CDI [17]. Therefore, being able to reshape 
the gut microbiota could have a profound therapeutic effect.

The role of the gut microbiome in inflammatory bowel 
disease (IBD)

The imbalance or symbiosis of the enteric microbiota is now 
accepted as an important etiologic factor in the pathogenesis of 
human IBD and immune-mediated chronic experimental intestinal 
inflammation [18-22].Insights into genetic, immunologic, and 
microbial interactions have expanded with identification of 
immunological properties of individual species and groups of 
bacteria[23,24]. The contribution of the gut microbiome can 
be inferred from animals in germ-free environment which is 
protective against experimental colitis. In addition, increased 
gut permeability due to dysbiosis, is frequently seen in patients 
with IBD even during remission and, similarly, in their first-
degree relatives [25]. This dysbiosis has also been confirmed 
in treatment-naive children in a recent study [26]. Moreover, 
anti-microbial antibodies targeting the gut microbiota can be 
recovered in the serum of IBD subjects even years before the 
diagnosis [27,28]. Furthermore, a number of genetic mutations 
seen in IBD relate to mucosal immunity and gut microbial 
recognition and autophagy [29]. Paneth cells, which are involved 

Figure 1 “Age and sex-adjusted overall incidence of C. difficile infection in children, 1991-2009.”  [Figure adapted from reference [2], with permission 
from publisher].
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in the mucosal immunity targeting the microbiome, have been 
implicated in IBD pathogenesis[30]. Metagenetic analyses have 
shown a clear differing pattern of the fecal microbiome between 
IBD patients and healthy controls [31]. In Ulcerative Colitis (UC), 
dysbiosis can be seen even during remission, irrespective of 
the dysmotility seen during active disease suggesting that the 
dysbiosis can’t be due to dysmotility but rather has a role in 
development of disease pathogenesis [32].

Ulcerative Colitis, an IBD disease entity, is characterized by 
chronic inflammation of the colon.  It is an important pediatric 
disease since as many as 20-25% of all cases present during 
childhood. The incidence of the disease is constantly rising with 
an alarming 11 fold increase in pediatrics [33]. Early reports of 
the long-term survival in pediatric UC were gloomy with survival 
rates of 78, 58, 39 and 27 per cent at 10, 20, 30 and 43 years, 
respectively [34] and the risk of developing cancer at 20% per 
disease decade. With the advent of immunomodulation and 
biologic therapies, the outcome has become less dismal, but many 
children still develop severe disease [35,36], continue to require 
colectomy [37], and develop colon cancer later in life. Although 
there different medical options, [38] the first line treatment of 
mild to moderate disease remains 5-ASA. Unfortunately, there is 
a high failure rate with their use [39]. Higher efficacy therapies 
such as steroids, biologics and immunomodulators can be 
associated with significant side effects. Therefore, there is a great 
need for more effective and safer therapies.   

Gut microbial changes in children with UC

 Data from the author’s laboratory show that children with 
UC have a gut microbiome that is deficient in many bacteria such 
as Lactobacilli and Fecalibacteria. More importantly, children 
responding to steroid therapy have a more diverse microbiome 
than non-responders, who require salvage medical therapy or 
colectomy (Figure 2) [40]. 

A deeper understanding of the etiological role of microbiota 
in the pathogenesis of IBD requires further comprehension 
of the factors that shape the gut microbiome and whether we 
can influence human disease outcomes in a durable fashion by 
altering the composition and function of the gut microbiota using 
therapeutic interventions, such as fecal transplant. Ultimately, 
these findings may influence clinical care through improved 
treatment, prevention, and minimizing the need for toxic 
therapies.

The gut micro biome in obesity and non-alcoholic fatty 
liver (NAFLD)

The incidence of obesity among children in the United 
States has increased three fold in the last few decades [41,42]. 
The obesity epidemic is paralleled by an increase of NAFLD in 
the pediatric population, affecting at least 3% of children and 
adolescents in the United States and Asia [43,44]. NAFLD is the 
most common cause of liver disease in children and adolescents 
in the United State [45]. The term NAFLD includes a spectrum 
of histological features from simple steatosis to inflammation 
with cellular injury to frank cirrhosis. Because the definitive 
diagnosis requires liver biopsy, which is not feasible in pediatric 
studies, increased serum aminotransferase levels and increased 
echogenicity on radiographic studies have been used as 
diagnostic tools [46]. Non-alcoholic steatohepatitis (NASH) can 
potentially progress to cirrhosis, liver failure, and hepatocellular 
carcinoma [47,48].

The pathophysiology of NAFLD remains unclear, but the gut 
microbiome is considered an important contributor. The human 
gastrointestinal tract houses a bacterial community that directs 
host digestion and energy homeostasis [49-51]. The “obese 
microbiota” is characterized by an increased capacity to harvest 
energy from the diet [52]. Studies on obese mice showed a 50% 
reduction in Bacteroidetes and an increase in Firmicutes by a 
comparable amount, demonstrating that “obesogenic microbiota” 
is distinct from “lean microbiota [53]”. Comparable observations 
are noted in human studies. Microbiota of obese adults had fewer 
Bacteroidetes and more Firmicutes than lean controls, and the 
pattern was reversed with weight loss (figure 3) [54]. Another 
human study demonstrated that a 20% increase in Firmicutes and 
decrease in Bacteroidetes resulted in increased energy harvest, 
evidenced by decreased energy losses in the stool. In addition, 
increased abundance of Bacteroidetes correlated with loss of 
body weight. The authors suggested that the “manipulation of 
gut microbial communities could be another approach in the 
treatment of obesity”[55]. Recent studies support this notion and 
further demonstrate that microbiota can be transmissible and 
could prevent the development of obesity and obesity-associated 
metabolic phenotypes in experimental animals [56,57].

Therefore, it is not surprising that therapeutic interventions 
aiming at modifying the gut microbiome would be of therapeutic 
benefit. In general, this can be achieved through (Table 1). 1) 
antimicrobial therapy such as metronidazole and vancomycin, 
which can be effective in many cases of CDI [58], however, 
there are ever increasing reports of microbial resistance and 
recurrence.  2) Probiotics whose efficacy in CDI have yielded 
variable results but in general have not been proven very 

Figure 2 Number of species detected in healthy children and 
children with severe ulcerative colitis that (1) responded to steroids 
(Responders) and (2) those that failed to respond (Non-responders), 
values depicted as mean +SEM. Statistically significant differences 
are noted between responders and Non-responders (p=0.039). In 
addition, significant differences were also noted between healthy 
children and each of the two groups of ulcerative colitis (p<0.0001).



Central

Michail et al. (2015)
Email: 

Ann Pediatr Child Health 3(2): 1043 (2015) 4/9

trials published in the literature, with a few exceptions; all had a 
similar theme, success!

Acceptance by pediatric patients: The acceptability of the 
concept of FMT transplant remains an issue, even though an 
intriguing report by Kahn et al., in which the authors investigated 
the opinion and view of patients and families towards fecal 
transplant, concluded that patients and parents of children 
with inflammatory bowel disease would readily consider fecal 
transplant and would be eager for it to become available[64]. 
The subject and family willingness to accept and undergo fecal 
microbial transplant for another indication such as CDI remains 
to be explored and is proposed in this study as will be described 
in experimental design.

The role of fecal transplant in specific clinical diseases

Clostridium difficile infection: Reported several decades 
ago for treating CDI [62], the use of fecal transplant is now 
supported by studies [65-71], including a NEJM controlled trial 
halted after interim analysis showed significant superiority 
of efficacy after fecal transplant [72]. A number of protocols 
have been utilized in the past, but a recently standardized 
method using colonoscopy and universal donors, yields the 
highest success rate[67]. Its safety and usefulness has also been 
documented in case reports of children as young as two years 
[73] and in immune compromised patients[74].  The degree of 

Figure 3 Change in Bacteroidetes Relative Abundance for Two Weight 
Loss Groups [Figure adapted from reference[54], with permission 
from publisher]. Correlation between body-weight loss and gut 
microbial ecology. Change in relative abundance of Bacteroidetes in 
subjects exceeding threshold of 2% weight loss for a carbohydrate-
restricted diet (CARB-R) and 6% weight loss for a fat-restricted diet 
(FAT-R).

Method Example

Antimicrobial Therapy metronidazole, vancomycin

Probiotics Saccharomyces boulardii

Fecal Microbial Transplantation donor stool

Table 1: Therapeutic interventions for modifying gut micro biome.

efficacious [59]. Their use, as previously shown by the author and 
others, does not seem to alter the gut micro biome [60,61], and 3) 
Fecal microbial transplantation. 

Fecal microbial transplant, even though unaesthetic, is 
perhaps the most powerful method for modifying the gut 
microbiome.

Fecal transplant

Definition and History: Fecal transplant is the process of 
transferring fecal microorganisms from healthy individuals into 
a recipient.  Previous terms used to describe this process include 
stool transplant, fecal bacteriotherapy, fecal transfusion, human 
probiotic infusion, and fecal microbial therapy (FMT), which is 
becoming more widely used.

The concept of fecal transplant is not new. It is believed to 
have originated in China thousands of years ago. The Chinese 
healers offered patients ‘Yellow soup’ made of fecal matter and 
water to cure their diarrhea. 

The first description of FMT was published in 1958 by Ben [62] 
and colleagues, a team of surgeons from Colorado, who treated 
four critically ill patients with fulminant pseudomembranous 
colitis using fecal enemas with great success. The first report of a 
successful fecal transplant for ulcerative colitis quickly followed 
in 1959 by Dr. Bennet who was the subject and the author[63]. 
Since then, there have been a large number of reports and clinical 

No. 
sub-
jects

Years 
of 
dis-
ease

Age 
(years) Author Outcome

6 5-15 25-42 Borody[88] 
2003

Asymptomatic after 4 months, 
remission maintained 1-13 years 
later

10 0.6-8 8-18 Kunde[77] 
2013

One subject could not retain 
enemas. Improvement in 6 of 9 
remaining subjects by week 4. 

1 11 48 Bennet[63]  
1989

Colitis symptoms stopped after 
first week, maintained at 6 
months

6 17-52 3-12 Kump 
2013[78] 

Subjects had moderate to severe 
disease not responding to 
multiple therapies prior to FMT. 
Initial improvement following 
FMT but no remission in any 
subject.

1 1.5 45 Borody[80] 
1989

Stopped all therapy within days, 
asymptomatic 3 months later 
without therapy

5 1.3-
9.7 22-51 Angelberg-

er 2013[89]

Remission after 1 year in one 
subject, remaining subjects 
either experienced deterioration 
of symptoms or achieved no 
significant clinical improvements

1 13 51 Zainah 
2012 [74] 

Asymptomatic after 8 months, 
subject no longer required 
vancomycin 

1 20 78 DeLeon 
2013[85]

Symptoms persisted after 19 
weeks, remission of UC required 
mesalamine

Table 2: Summary of prior studies describing the use of FMT in ulcerative 
colitis.
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efficacy offered by this intervention is unmatched compared to 
any traditionally available therapy. A recent systematic review 
shows 90% efficacy  in over three hundred patients[66].

INFLAMMATORY BOWEL DISEASE
Of all the sub entities of inflammatory bowel disease, UC is 

by far the most studied relative to fecal microbial transplant. The 
outcomes of the IBD studies have not been as bright as those for 
Clostridium difficile. 

It is also becoming a more recognized therapy for UC [75]. 
In a recent review, nine small case series of FMT in IBD with 
variable quality have been identified, totaling 26 adult patients 
(18 subjects with UC) [76]. All patients, in whom symptoms 
were recorded, responded by 4 months and 15 subjects were 
in complete remission by 1 year. A total of 63% had endoscopic 
remission (3-36 months post FMT).  A recent pediatric 
prospective pilot study of 9 children and young adults with 
mild to moderate UC were treated with FMT on 5 consecutive 
days [77]. Within one week 78% showed clinical response and 
67% maintained clinical response after 1 month. However, not 
all studies show such positive outcome. A recent prospective 
study, even though showing initial improvement, failed to show 
complete remission. However, subjects had more severe disease 
and had failed to respond to multiple medical therapies including 
steroids, biologics and immunomodulators [78].  

A number of case reports have described the use of FMT for 
treatment of UC [63,77-81]. The definition of successful outcome 
varied among reports.  Five papers described 24 subjects with an 
average age of 28 years (SD=18.22), and an average duration of 
UC of 7.24 years (SD=6.21). Most subjects were adults except for 
the Kunde study. Eighteen out of 24 (78%) subjects had positive 
clinical outcomes with improvement of symptoms following 
FMT. No serious adverse events were noted but some subjects 
experienced short term abdominal cramping, bloating and fever. 
One pediatric subject could not retain FMT when administered 
by enemas. All authors concluded that FMT was a safe procedure 
in this patient population. A summary of prior studies describing 
the use of FMT in UC is outlined in (Table 2). While, the majority 
of the reported cases show improvement in colitis symptoms 
with some claims of cure of the disease, not all reports agree, with 
one negative study in adults. However, subjects had recalcitrant 
and severe disease that failed multiple medical therapies [78]. 
It is difficult to evaluate the true benefit of FMT as case report 
studies lack scientific rigor. We therefore propose a randomized 
controlled trial that would enable us to examine the true extent 
of the efficacy of FMT in treating UC and how it influences the 
intestinal milieu.  

Safety of fecal microbial transplant: Many studies report 
safety of fecal microbial transplant, even in high-risk populations 
such as immunocompromised, elderly subjects, and young 
children [82-84].

Nevertheless, one question to consider is whether FMT 
in quiescent colitis can predispose subjects to a relapse in IBD 
symptoms [85]. Previous studies suggest that this is not a concern. 
In a prior adult study, subjects undergoing fecal transplant for 
Clostridium difficile and ulcerative colitis did not develop any 
relapse of their colitis symptoms [86]. Furthermore, a recent 

pediatric study utilizing FMT in ten children with recurrent 
Clostridium difficile infection and UC confirms this safety finding 
[87].

CLINICAL CONSIDERATIONS OF FECAL 
TRANSPLANT

Donor screening

Donor screening is critical to the safety and success of FMT. 
The universal donor should be negative for HIV, Hepatitis A, B 
and C, syphilis and have negative stool studies for culture, Ova 
and parasites, C. difficile (by PCR), Giardia, and Cryptosporidium 
in accordance with testing guidelines endorsed by the American 
Gastroenterological Association [90,91].

Donor selection

Donor choice is extremely important, and careful selection 
of donor has to be followed to maximize the benefit for the 
recipient. For example, relatives of subjects with IBD harbor a 
dysbiotic gut microbiome [92], rendering relatives unsuitable 
donors. Also, families or close acquaintances of children with 
C. difficile have a higher risk of exposure and infection with C. 
difficile [93], therefore, their gut microbiome may potentially be 
impacted by previous infection, colonization or  prior therapy. 
Studies suggest that universal donors yield better outcomes than 
individual donors [67]. Donors with high body mass indexes 
are not appropriate donors as those individuals have dysbiotic 
microbiome and have harmful metabolites. 

The age of the donor becomes important relative to pediatric 
studies. The author has provided published evidence that 
children, even in their adolescent years, have a distinct gut 
microbiome that is different from healthy adults [94].  Therefore, 
it would be best that the transplanted microbiome would be 
obtained from a donor in the same age group would so that it 
may closely resemble the subject’s intended healthy microbiome.  

Mode of transplant

Studies have utilized different delivery methods that include 
nasogastric tube, nasojejunal tube, enemas, colonoscopy and now 
we anxiously await a capsule form of the product.  Delivery of 
FMT to the ileocecal area guarantees delivery of the transplanted 
microbiome to the entire colon, while rectal enemas are limited 
to the delivery of FMT to the rectum and left colon and therefore 
would limit their efficacy beyond those areas. It is also difficult 
for children in general, and especially children with severe 
colitis, to retain enemas when they have active disease due to 
frequent stooling and significant dysmotility secondary to rectal 
mucosal inflammation, which also explains the need for multiple 
administrations. In a pediatric study by Kunde et al, one out of ten 
children in the FMT study did not tolerate rectal enemas and the 
volume of enemas tolerated was only 165 ml [77]. Colonoscopic 
delivery of FMT would guarantee delivery of FMT to the entire 
colon and may eliminate the need for multiple applications. In 
addition, delivery of fecal microbiome to the upper GI tract (for 
example via nasogastric or nasojejunal tubes) is not desirable 
as it involves infusing metabolites that are specific to the colon 
that may become absorbed in the small bowel and may cause 
undesirable effects. FMT via nasogastric tube may pose a risk 
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for reflux of fecal material and possible aspiration. Finally, 
colonoscopic delivery of FMT yielded the best response in C. 
difficile colitis studies [66].

Dose of fecal transplant

Several quantities of stool transplant have been used in the 
past. The data suggest that doses of at least 50 grams of stool 
have better outcomes than lower doses.

Subject preparation

Traditionally subjects undergo cleanout and antimicrobial 
therapy targeting C. difficile, but it may not be necessary to use 
antimicrobial therapy for indications other than C. difficile, for 
example in UC. 

Issues related to food allergies

Children who are highly sensitized to foods may develop 
anaphylactic reaction when in contact with antigens. The question 
then arises when such a child needs to undergo fecal transplant, 
can there be enough food antigen ingested by the donor that can 
trigger an anaphylactic reaction upon FMT?

Potential risks of FMT

Potential risks to subjects include potential side effects 
such as bloating, abdominal pain, changes in bowel habits. The 
likelihood of developing these side effects is rare as described 
in prior research studies of fecal transplant. In a systematic 
review of 317 cases, only 8 subjects (0.025%) had adverse events 
[66].  Among the adverse events, the following were noted: 
Upper gastrointestinal hemorrhage (n= 1) [95], Irritable Bowel 
Syndrome (IBS) symptoms (n= 4) [96], infectious IBS symptoms 
(n= 1) [68], constipation (n= 1) [97], and signs of irritable colon 
(n= 1) [98]. Transient fever immediately following FMT has also 
been reported in a recent study utilizing FMT in children with 
UC [77]. Furthermore, unforeseen infection risks as well as non-
infection risks are also possible. The gut microbiome has been 
linked to the development of other disorders such as cancer, 
obesity and diabetes. A recent report suggests that FMT may 
transfer obesity [99].

Future directions

The future holds a lot of promise for the potential applications 
for FMT in obesity, NAFLD CDI, and IBD. A key question now 
arises:  Could we manipulate the microbiota environment to treat 
or prevent obesity in humans especially children?  Can FMT play 
a role in obesity or other conditions?

Can FMT play a role in IBS, which is a fairly common and 
difficult to treat disorder, has been shown to also result in a 
disturbed micro biome in children [100] . Many other disorders 
and diseases may prove to be associated with altered microbiomes 
and thus, may be potentially treated with FMT.

Future advancement in delivery of FMT will soon allow 
commercial use of a capsule form of FMT with desiccated 
microorganisms. 

Do we need all the microorganisms or can we tailor them to 
a specific disease? For example, studies have shown that only 
10 organisms can be helpful in eradicating CDI [101]. Would 
Bacteroides alone be sufficient to cure patients since they seem 

to be key organisms in this disease?[102].

Randomized, controlled trials will be necessary to further 
evaluate the answers to these questions and more closely 
evaluate this procedure.

ACKNOWLEDGEMENT
This work was supported by the National Institutes of Health 

grant NCCAM AT003400, and funding through the Clinical and 
Translational Science Institute (CTSI), Children’s Hospital Los 
Angeles, and Memorial care Foundation.

REFERENCES
1. Tschudin-Sutter S, Widmer AF, Perl TM. Clostridium difficile: novel 

insights on an incessantly challenging disease. Curr Opin Infect Dis. 
2012; 25: 405-411.

2. Khanna S, Baddour LM, Huskins WC, Kammer PP, Faubion WA, 
Zinsmeister AR, et al. The epidemiology of Clostridium difficile 
infection in children: a population-based study. Clin Infect Dis. 2013; 
56: 1401-1406.

3. Benson L, Song X, Campos J, Singh N. Changing epidemiology of 
Clostridium difficile-associated disease in children. Infect Control 
Hosp Epidemiol. 2007; 28: 1233-1235.

4. Zilberberg MD, Tillotson GS, McDonald C. Clostridium difficile 
infections among hospitalized children, United States, 1997-2006. 
Emerg Infect Dis. 2010; 16: 604-609.

5.   Khanna S, Baddour LM, Huskins WC, Kammer PP, Faubion WA, 
Zinsmeister AR, etal. The Epidemiology of Clostridium difficile 
Infection in Children: A Population-Based Study .Clin Infect Dis 2012. 
142: p. Supplement 1, 131.

6. McGlone SM, Bailey RR, Zimmer SM, Popovich MJ, Tian Y, Ufberg P, et 
al. The economic burden of Clostridium difficile. Clin Microbiol Infect. 
2012; 18: 282-289.

7. Reeves AE, Theriot CM, Bergin IL, Huffnagle GB, Schloss PD, Young VB. 
The interplay between microbiome dynamics and pathogen dynamics 
in a murine model of Clostridium difficile Infection. Gut Microbes. 
2011; 2: 145-158.

8. Jernberg C, Löfmark S, Edlund C, Jansson JK. Long-term ecological 
impacts of antibiotic administration on the human intestinal 
microbiota. ISME J. 2007; 1: 56-66.

9. Jernberg C, Löfmark S, Edlund C, Jansson JK. Long-term impacts of 
antibiotic exposure on the human intestinal microbiota. Microbiology. 
2010; 156: 3216-3223.

10. Löfmark S, Jernberg C, Jansson JK, Edlund C. Clindamycin-induced 
enrichment and long-term persistence of resistant Bacteroides spp. 
and resistance genes. J Antimicrob Chemother. 2006; 58: 1160-1167.

11. De La Cochetière MF, Durand T, Lalande V, Petit JC, Potel G, Beaugerie 
L. Effect of antibiotic therapy on human fecal microbiota and the 
relation to the development of Clostridium difficile. Microb Ecol. 
2008; 56: 395-402.

12. Chang JY, Antonopoulos DA, Kalra A, Tonelli A, Khalife WT, Schmidt 
TM, et al. Decreased diversity of the fecal Microbiome in recurrent 
Clostridium difficile-associated diarrhea. J Infect Dis. 2008; 197: 435-
438.

13. Skraban J, Dzeroski S, Zenko B, Mongus D, Gangl S, Rupnik M. 
Gut microbiota patterns associated with colonization of different 
Clostridium difficile ribotypes. PLoS One. 2013; 8: e58005.

14. Hopkins MJ, Macfarlane GT. Changes in predominant bacterial 

http://www.ncbi.nlm.nih.gov/pubmed/22614522
http://www.ncbi.nlm.nih.gov/pubmed/22614522
http://www.ncbi.nlm.nih.gov/pubmed/22614522
http://www.ncbi.nlm.nih.gov/pubmed/23408679
http://www.ncbi.nlm.nih.gov/pubmed/23408679
http://www.ncbi.nlm.nih.gov/pubmed/23408679
http://www.ncbi.nlm.nih.gov/pubmed/23408679
http://www.ncbi.nlm.nih.gov/pubmed/17926272
http://www.ncbi.nlm.nih.gov/pubmed/17926272
http://www.ncbi.nlm.nih.gov/pubmed/17926272
http://www.ncbi.nlm.nih.gov/pubmed/20350373
http://www.ncbi.nlm.nih.gov/pubmed/20350373
http://www.ncbi.nlm.nih.gov/pubmed/20350373
http://www.ncbi.nlm.nih.gov/pubmed/23408679
http://www.ncbi.nlm.nih.gov/pubmed/23408679
http://www.ncbi.nlm.nih.gov/pubmed/23408679
http://www.ncbi.nlm.nih.gov/pubmed/23408679
http://www.ncbi.nlm.nih.gov/pubmed/21668576
http://www.ncbi.nlm.nih.gov/pubmed/21668576
http://www.ncbi.nlm.nih.gov/pubmed/21668576
http://www.ncbi.nlm.nih.gov/pubmed/21804357
http://www.ncbi.nlm.nih.gov/pubmed/21804357
http://www.ncbi.nlm.nih.gov/pubmed/21804357
http://www.ncbi.nlm.nih.gov/pubmed/21804357
http://www.ncbi.nlm.nih.gov/pubmed/18043614
http://www.ncbi.nlm.nih.gov/pubmed/18043614
http://www.ncbi.nlm.nih.gov/pubmed/18043614
http://www.ncbi.nlm.nih.gov/pubmed/20705661
http://www.ncbi.nlm.nih.gov/pubmed/20705661
http://www.ncbi.nlm.nih.gov/pubmed/20705661
http://www.ncbi.nlm.nih.gov/pubmed/17046967
http://www.ncbi.nlm.nih.gov/pubmed/17046967
http://www.ncbi.nlm.nih.gov/pubmed/17046967
http://www.ncbi.nlm.nih.gov/pubmed/18209965
http://www.ncbi.nlm.nih.gov/pubmed/18209965
http://www.ncbi.nlm.nih.gov/pubmed/18209965
http://www.ncbi.nlm.nih.gov/pubmed/18209965
http://www.ncbi.nlm.nih.gov/pubmed/18199029
http://www.ncbi.nlm.nih.gov/pubmed/18199029
http://www.ncbi.nlm.nih.gov/pubmed/18199029
http://www.ncbi.nlm.nih.gov/pubmed/18199029
http://www.ncbi.nlm.nih.gov/pubmed/23469128
http://www.ncbi.nlm.nih.gov/pubmed/23469128
http://www.ncbi.nlm.nih.gov/pubmed/23469128
http://www.ncbi.nlm.nih.gov/pubmed/11990498


Central

Michail et al. (2015)
Email: 

Ann Pediatr Child Health 3(2): 1043 (2015) 7/9

populations in human faeces with age and with Clostridium difficile 
infection. J Med Microbiol. 2002; 51: 448-454.

15. Louie TJ, Emery J, Krulicki W, Byrne B, Mah M. OPT-80 eliminates 
Clostridium difficile and is sparing of bacteroides species during 
treatment of C. difficile infection. Antimicrob Agents Chemother. 
2009; 53: 261-263.

16. Rousseau C, Levenez F, Fouqueray C, Doré J, Collignon A, Lepage P. 
Clostridium difficile colonization in early infancy is accompanied by 
changes in intestinal microbiota composition. J Clin Microbiol. 2011; 
49: 858-865.

17. Fallani M, Rigottier-Gois L, Aguilera M, Bridonneau C, Collignon A, 
Edwards CA, et al. Clostridium difficile and Clostridium perfringens 
species detected in infant faecal microbiota using 16S rRNA targeted 
probes. J Microbiol Methods. 2006; 67: 150-161.

18. Li E, Hamm CM, Gulati AS, Sartor RB, Chen H, Wu X, Zhang T. 
Inflammatory bowel diseases phenotype, C. difficile and NOD2 
genotype are associated with shifts in human ileum associated 
microbial composition. PLoS One. 2012; 7: e26284.

19. Sartor RB. Microbial influences in inflammatory bowel diseases. 
Gastroenterology. 2008; 134: 577-594.

20. Frank DN, Robertson CE, Hamm CM, Kpadeh Z, Zhang T, Chen H, et 
al. Disease phenotype and genotype are associated with shifts in 
intestinal-associated microbiota in inflammatory bowel diseases. 
Inflamm Bowel Dis. 2011; 17: 179-184.

21. Bakhtiar SM, LeBlanc JG, Salvucci E, Ali A, Martin R, Langella P, et 
al. Implications of the human microbiome in inflammatory bowel 
diseases. FEMS Microbiol Lett. 2013; 342: 10-17.

22. Seibold F, Boldt AB, Seibold-Schmid B, Schoepfer AM, Flogerzi B, 
Müller S, et al. Association of deficiency for mannan-binding lectin 
with anti-mannan antibodies in Crohn’s disease: a family study. 
Inflamm Bowel Dis. 2007; 13: 1077-1082.

23. Round JL, Lee SM, Li J, Tran G, Jabri B, Chatila TA, et al. The Toll-like 
receptor 2 pathway establishes colonization by a commensal of the 
human microbiota. Science. 2011; 332: 974-977.

24. Atarashi K, Tanoue T, Shima T, Imaoka A, Kuwahara T, Momose Y, et 
al. Induction of colonic regulatory T cells by indigenous Clostridium 
species. Science. 2011; 331: 337-341.

25. D’Incà R, Annese V, di Leo V, Latiano A, Quaino V, Abazia C, et al. 
Increased intestinal permeability and NOD2 variants in familial and 
sporadic Crohn’s disease. Aliment Pharmacol Ther. 2006; 23: 1455-
1461.

26. Gevers D, Kugathasan S, Denson LA, Vázquez-Baeza Y, Van Treuren W, 
Ren B, et al. The treatment-naive microbiome in new-onset Crohn’s 
disease. Cell Host Microbe. 2014; 15: 382-392.

27. van Schaik FD, Oldenburg B, Hart AR, Siersema PD, Lindgren S, Grip O, 
et al. Serological markers predict inflammatory bowel disease years 
before the diagnosis. Gut. 2013; 62: 683-688.

28. Israeli E, Grotto I, Gilburd B, Balicer RD, Goldin E, Wiik A, et al. Anti-
Saccharomyces cerevisiae and antineutrophil cytoplasmic antibodies 
as predictors of inflammatory bowel disease. Gut. 2005; 54: 1232-
1236.

29. Parkes M. The genetics universe of Crohn’s disease and ulcerative 
colitis. Dig Dis. 2012; 30 Suppl 1: 78-81.

30. Thachil E, Hugot JP, Arbeille B, Paris R, Grodet A, Peuchmaur M, et 
al. Abnormal activation of autophagy-induced crinophagy in Paneth 
cells from patients with Crohn’s disease. Gastroenterology. 2012; 142: 
1097-1099.

31. Peterson DA, Frank DN, Pace NR, Gordon JI. Metagenomic approaches 

for defining the pathogenesis of inflammatory bowel diseases. Cell 
Host Microbe. 2008; 3: 417-427.

32. RajiliÄ‡-StojanoviÄ‡ M, Shanahan F, Guarner F, de Vos WM. 
Phylogenetic analysis of dysbiosis in ulcerative colitis during 
remission. Inflamm Bowel Dis. 2013; 19: 481-488.

33. Schildkraut V, Alex G, Cameron DJ, Hardikar W, Lipschitz B, Oliver MR, 
et al. Sixty-year study of incidence of childhood ulcerative colitis finds 
eleven-fold increase beginning in 1990s. Inflamm Bowel Dis. 2013; 
19: 1-6.

34. Devroede GJ, Taylor WF, Sauer WG, Jackman RJ, Stickler GB. Cancer 
risk and life expectancy of children with ulcerative colitis. N Engl J 
Med. 1971; 285: 17-21.

35. Levine A, de Bie CI, Turner D, Cucchiara S, Sladek M, Murphy MS, et al. 
EUROKIDS Porto IBD Working Group of ESPGHAN. Atypical disease 
phenotypes in pediatric ulcerative colitis: 5-year analyses of the 
EUROKIDS Registry. Inflamm Bowel Dis. 2013; 19: 370-377.

36. Turner D, Travis SP, Griffiths AM, Ruemmele FM, Levine A, Benchimol 
EI, et al. Consensus for managing acute severe ulcerative colitis 
in children: a systematic review and joint statement from ECCO, 
ESPGHAN, and the Porto IBD Working Group of ESPGHAN. Am J 
Gastroenterol. 2011; 106: 574-588.

37. Turner D, Griffiths AM. Acute severe ulcerative colitis in children: a 
systematic review. Inflamm Bowel Dis. 2011; 17: 440-449.

38. Michail S1, Ramsy M, Soliman E. Advances in inflammatory bowel 
diseases in children. Minerva Pediatr. 2012; 64: 257-270.

39. Feagan, B.G ,J.K. Macdonald, Oral 5-aminosalicylic acid for induction 
of remission in ulcerative colitis. Cochrane Database Syst Rev, 2012. 
10: CD000543.

40. Michail S, Durbin M, Turner D, Griffiths AM, Mack DR, Hyams J, Leleiko 
N. Alterations in the gut microbiome of children with severe ulcerative 
colitis. Inflamm Bowel Dis. 2012; 18: 1799-1808.

41. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. 
Prevalence of overweight and obesity in the United States, 1999-2004. 
JAMA. 2006; 295: 1549-1555.

42. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, 
Mei Z, et al. 2000 CDC Growth Charts for the United States: methods 
and development. Vital Health Stat 11. 2002; 1-190.

43. Strauss RS, Barlow SE, Dietz WH. Prevalence of abnormal serum 
aminotransferase values in overweight and obese adolescents. J 
Pediatr. 2000; 136: 727-733.

44. Park HS, Han JH, Choi KM, Kim SM. Relation between elevated 
serum alanine aminotransferase and metabolic syndrome in Korean 
adolescents. Am J Clin Nutr. 2005; 82: 1046-1051.

45. Schwimmer JB, Deutsch R, Kahen T, Lavine JE, Stanley C, Behling C. 
Prevalence of fatty liver in children and adolescents. Pediatrics. 2006; 
118: 1388-1393.

46. Patton HM, Sirlin C, Behling C, Middleton M, Schwimmer JB, Lavine JE,. 
Pediatric nonalcoholic fatty liver disease: a critical appraisal of current 
data and implications for future research. J Pediatr Gastroenterol 
Nutr. 2006; 43: 413-427.

47. Stepanova M, Rafiq N, Makhlouf H, Agrawal R, Kaur I, Younoszai Z, 
et al. Predictors of all-cause mortality and liver-related mortality in 
patients with non-alcoholic fatty liver disease (NAFLD). Dig Dis Sci. 
2013; 58: 3017-3023.

48. White DL, Kanwal F, El-Serag HB. Association between nonalcoholic 
fatty liver disease and risk for hepatocellular cancer, based on 
systematic review. Clin Gastroenterol Hepatol, 2012. 10: p. 1342-

http://www.ncbi.nlm.nih.gov/pubmed/11990498
http://www.ncbi.nlm.nih.gov/pubmed/11990498
http://www.ncbi.nlm.nih.gov/pubmed/18955523
http://www.ncbi.nlm.nih.gov/pubmed/18955523
http://www.ncbi.nlm.nih.gov/pubmed/18955523
http://www.ncbi.nlm.nih.gov/pubmed/18955523
http://www.ncbi.nlm.nih.gov/pubmed/21177896
http://www.ncbi.nlm.nih.gov/pubmed/21177896
http://www.ncbi.nlm.nih.gov/pubmed/21177896
http://www.ncbi.nlm.nih.gov/pubmed/21177896
http://www.ncbi.nlm.nih.gov/pubmed/16647148
http://www.ncbi.nlm.nih.gov/pubmed/16647148
http://www.ncbi.nlm.nih.gov/pubmed/16647148
http://www.ncbi.nlm.nih.gov/pubmed/16647148
http://www.ncbi.nlm.nih.gov/pubmed/22719818
http://www.ncbi.nlm.nih.gov/pubmed/22719818
http://www.ncbi.nlm.nih.gov/pubmed/22719818
http://www.ncbi.nlm.nih.gov/pubmed/22719818
http://www.ncbi.nlm.nih.gov/pubmed/18242222
http://www.ncbi.nlm.nih.gov/pubmed/18242222
http://www.ncbi.nlm.nih.gov/pubmed/20839241
http://www.ncbi.nlm.nih.gov/pubmed/20839241
http://www.ncbi.nlm.nih.gov/pubmed/20839241
http://www.ncbi.nlm.nih.gov/pubmed/20839241
http://www.ncbi.nlm.nih.gov/pubmed/23431991
http://www.ncbi.nlm.nih.gov/pubmed/23431991
http://www.ncbi.nlm.nih.gov/pubmed/23431991
http://www.ncbi.nlm.nih.gov/pubmed/17480019
http://www.ncbi.nlm.nih.gov/pubmed/17480019
http://www.ncbi.nlm.nih.gov/pubmed/17480019
http://www.ncbi.nlm.nih.gov/pubmed/17480019
http://www.ncbi.nlm.nih.gov/pubmed/21512004
http://www.ncbi.nlm.nih.gov/pubmed/21512004
http://www.ncbi.nlm.nih.gov/pubmed/21512004
http://www.ncbi.nlm.nih.gov/pubmed/21205640
http://www.ncbi.nlm.nih.gov/pubmed/21205640
http://www.ncbi.nlm.nih.gov/pubmed/21205640
http://www.ncbi.nlm.nih.gov/pubmed/16669960
http://www.ncbi.nlm.nih.gov/pubmed/16669960
http://www.ncbi.nlm.nih.gov/pubmed/16669960
http://www.ncbi.nlm.nih.gov/pubmed/16669960
http://www.ncbi.nlm.nih.gov/pubmed/24629344
http://www.ncbi.nlm.nih.gov/pubmed/24629344
http://www.ncbi.nlm.nih.gov/pubmed/24629344
http://www.ncbi.nlm.nih.gov/pubmed/22842615
http://www.ncbi.nlm.nih.gov/pubmed/22842615
http://www.ncbi.nlm.nih.gov/pubmed/22842615
http://www.ncbi.nlm.nih.gov/pubmed/16099791
http://www.ncbi.nlm.nih.gov/pubmed/16099791
http://www.ncbi.nlm.nih.gov/pubmed/16099791
http://www.ncbi.nlm.nih.gov/pubmed/16099791
http://www.ncbi.nlm.nih.gov/pubmed/23075873
http://www.ncbi.nlm.nih.gov/pubmed/23075873
http://www.ncbi.nlm.nih.gov/pubmed/22285936
http://www.ncbi.nlm.nih.gov/pubmed/22285936
http://www.ncbi.nlm.nih.gov/pubmed/22285936
http://www.ncbi.nlm.nih.gov/pubmed/22285936
http://www.ncbi.nlm.nih.gov/pubmed/18541218
http://www.ncbi.nlm.nih.gov/pubmed/18541218
http://www.ncbi.nlm.nih.gov/pubmed/18541218
http://www.ncbi.nlm.nih.gov/pubmed/23385241
http://www.ncbi.nlm.nih.gov/pubmed/23385241
http://www.ncbi.nlm.nih.gov/pubmed/23385241
http://www.ncbi.nlm.nih.gov/pubmed/22532319
http://www.ncbi.nlm.nih.gov/pubmed/22532319
http://www.ncbi.nlm.nih.gov/pubmed/22532319
http://www.ncbi.nlm.nih.gov/pubmed/22532319
http://www.ncbi.nlm.nih.gov/pubmed/5089367
http://www.ncbi.nlm.nih.gov/pubmed/5089367
http://www.ncbi.nlm.nih.gov/pubmed/5089367
http://www.ncbi.nlm.nih.gov/pubmed/22570259
http://www.ncbi.nlm.nih.gov/pubmed/22570259
http://www.ncbi.nlm.nih.gov/pubmed/22570259
http://www.ncbi.nlm.nih.gov/pubmed/22570259
http://www.ncbi.nlm.nih.gov/pubmed/21224839
http://www.ncbi.nlm.nih.gov/pubmed/21224839
http://www.ncbi.nlm.nih.gov/pubmed/21224839
http://www.ncbi.nlm.nih.gov/pubmed/21224839
http://www.ncbi.nlm.nih.gov/pubmed/21224839
http://www.ncbi.nlm.nih.gov/pubmed/20645317
http://www.ncbi.nlm.nih.gov/pubmed/20645317
http://www.ncbi.nlm.nih.gov/pubmed/22555319
http://www.ncbi.nlm.nih.gov/pubmed/22555319
http://www.ncbi.nlm.nih.gov/pubmed/23076889
http://www.ncbi.nlm.nih.gov/pubmed/23076889
http://www.ncbi.nlm.nih.gov/pubmed/23076889
http://www.ncbi.nlm.nih.gov/pubmed/22170749
http://www.ncbi.nlm.nih.gov/pubmed/22170749
http://www.ncbi.nlm.nih.gov/pubmed/22170749
http://www.ncbi.nlm.nih.gov/pubmed/16595758
http://www.ncbi.nlm.nih.gov/pubmed/16595758
http://www.ncbi.nlm.nih.gov/pubmed/16595758
http://www.ncbi.nlm.nih.gov/pubmed/12043359
http://www.ncbi.nlm.nih.gov/pubmed/12043359
http://www.ncbi.nlm.nih.gov/pubmed/12043359
http://www.ncbi.nlm.nih.gov/pubmed/10839867
http://www.ncbi.nlm.nih.gov/pubmed/10839867
http://www.ncbi.nlm.nih.gov/pubmed/10839867
http://www.ncbi.nlm.nih.gov/pubmed/16280437
http://www.ncbi.nlm.nih.gov/pubmed/16280437
http://www.ncbi.nlm.nih.gov/pubmed/16280437
http://www.ncbi.nlm.nih.gov/pubmed/17015527
http://www.ncbi.nlm.nih.gov/pubmed/17015527
http://www.ncbi.nlm.nih.gov/pubmed/17015527
http://www.ncbi.nlm.nih.gov/pubmed/23775317
http://www.ncbi.nlm.nih.gov/pubmed/23775317
http://www.ncbi.nlm.nih.gov/pubmed/23775317
http://www.ncbi.nlm.nih.gov/pubmed/23775317
http://www.ncbi.nlm.nih.gov/pubmed/23041539
http://www.ncbi.nlm.nih.gov/pubmed/23041539
http://www.ncbi.nlm.nih.gov/pubmed/23041539


Central

Michail et al. (2015)
Email: 

Ann Pediatr Child Health 3(2): 1043 (2015) 8/9

1359.

49. Sonnenburg JL, Xu J, Leip DD, Chen CH, Westover BP, Weatherford J, et 
al. Glycan foraging in vivo by an intestine-adapted bacterial symbiont. 
Science. 2005; 307: 1955-1959.

50. Bäckhed F, Ley RE, Sonnenburg JL, Peterson DA, Gordon JI. Host-
bacterial mutualism in the human intestine. Science. 2005; 307: 1915-
1920.

51. Flint HJ, Bayer EA, Rincon MT, Lamed R, White BA. Polysaccharide 
utilization by gut bacteria: potential for new insights from genomic 
analysis. Nat Rev Microbiol. 2008; 6: 121-131.

52. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon 
JI. An obesity-associated gut microbiome with increased capacity for 
energy harvest. Nature. 2006; 444: 1027-1031.

53. Ley RE, Bäckhed F, Turnbaugh P, Lozupone CA, Knight RD, Gordon JI. 
Obesity alters gut microbial ecology. Proc Natl Acad Sci U S A. 2005; 
102: 11070-11075.

54. Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial ecology: human 
gut microbes associated with obesity. Nature. 2006; 444: 1022-1023.

55. Jumpertz R, Le DS, Turnbaugh PJ, Trinidad C, Bogardus C, Gordon JI, et 
al. Energy-balance studies reveal associations between gut microbes, 
caloric load, and nutrient absorption in humans. Am J Clin Nutr. 2011; 
94: 58-65.

56. Walker AW, Parkhill J. Microbiology. Fighting obesity with bacteria. 
Science. 2013; 341: 1069-1070.

57. Ridaura VK, Faith JJ, Rey FE, Cheng J, Duncan AE, Kau AL, et al. Gut 
microbiota from twins discordant for obesity modulate metabolism in 
mice. Science. 2013; 341: 1241214.

58. Badger, V.O., et al., Clostridium difficile: Epidemiology, Pathogenesis, 
Management, and Prevention of a Recalcitrant Healthcare-Associated 
Pathogen. JPEN J Parenter Enteral Nutr, 2012.

59. Pillai A, Nelson R. Probiotics for treatment of Clostridium difficile-
associated colitis in adults. Cochrane Database Syst Rev. 2008; : 
CD004611.

60. Michail, S. and H. Kenche, Gut microbiota is not modified by 
Randomized, Double-blind, Placebo-controlled Trial of VSL#3 
in Diarrhea-predominant Irritable Bowel Syndrome. Probiotics 
Antimicrob Proteins, 2011. 3: p. 1-7.

61. Brigidi P, Vitali B, Swennen E, Bazzocchi G, Matteuzzi D. Effects of 
probiotic administration upon the composition and enzymatic activity 
of human fecal microbiota in patients with irritable bowel syndrome 
or functional diarrhea. Res Microbiol. 2001; 152: 735-741.

62. Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as an adjunct 
in the treatment of pseudomembranous enterocolitis. Surgery. 1958; 
44: 854-859.

63. Bennet JD, Brinkman M. Treatment of ulcerative colitis by implantation 
of normal colonic flora. Lancet. 1989; 1: 164.

64. Kahn SA, Gorawara-Bhat R, Rubin DT. Fecal bacteriotherapy for 
ulcerative colitis: patients are ready, are we? Inflamm Bowel Dis. 
2012; 18: 676-684.

65. Guo B, Harstall C, Louie T, Veldhuyzen van Zanten S, Dieleman 
LA. Systematic review: faecal transplantation for the treatment of 
Clostridium difficile-associated disease. Aliment Pharmacol Ther. 
2012; 35: 865-875.

66. Gough, E, H. Shaikh, A.R. Manges. Systematic review of intestinal 
microbiota transplantation (fecal bacteriotherapy) for recurrent 
Clostridium difficile infection. Clin Infect Dis, 2011. 53: 994-1002.

67. Hamilton MJ, Weingarden AR, Sadowsky MJ, Khoruts A. Standardized 

frozen preparation for transplantation of fecal microbiota for 
recurrent Clostridium difficile infection. Am J Gastroenterol. 2012; 
107: 761-767.

68. Hellemans R, Naegels S, Holvoet J. Fecal transplantation for recurrent 
Clostridium difficile colitis, an underused treatment modality. Acta 
Gastroenterol Belg. 2009; 72: 269-270.

69. Jorup-Rönström C1, Håkanson A, Sandell S, Edvinsson O, Midtvedt T, 
Persson AK, Norin E. Fecal transplant against relapsing Clostridium 
difficile-associated diarrhea in 32 patients. Scand J Gastroenterol. 
2012; 47: 548-552.

70. Rubin TA, Gessert CE, Aas J. Stool transplantation for older patients 
with Clostridium difficile infection. J Am Geriatr Soc. 2009; 57: 2386.

71. Kelly CR, de Leon L, Jasutkar N. Fecal microbiota transplantation for 
relapsing Clostridium difficile infection in 26 patients: methodology 
and results. J Clin Gastroenterol. 2012; 46: 145-149.

72. van Nood E, Vrieze A, Nieuwdorp M, Fuentes S, Zoetendal EG, de Vos 
WM, et al. Duodenal infusion of donor feces for recurrent Clostridium 
difficile. N Engl J Med. 2013; 368: 407-415.

73. Russell G, Kaplan J, Ferraro M, Michelow IC. Fecal bacteriotherapy 
for relapsing Clostridium difficile infection in a child: a proposed 
treatment protocol. Pediatrics. 2010; 126: e239-242.

74. Zainah H, Silverman A. Fecal Bacteriotherapy: A Case Report in an 
Immunosuppressed Patient with Ulcerative Colitis and Recurrent 
Clostridium difficile Infection. Case Rep Infect Dis. 2012; 2012: 
810943.

75. Allegretti JR, Hamilton MJ. Restoring the gut microbiome for the 
treatment of inflammatory bowel diseases. World J Gastroenterol. 
2014; 20: 3468-3474.

76. Anderson JL, Edney RJ, Whelan K. Systematic review: faecal microbiota 
transplantation in the management of inflammatory bowel disease. 
Aliment Pharmacol Ther. 2012; 36: 503-516.

77. Kunde S, Pham A, Bonczyk S, Crumb T, Duba M, Conrad H Jr, Cloney 
D. Safety, tolerability, and clinical response after fecal transplantation 
in children and young adults with ulcerative colitis. J Pediatr 
Gastroenterol Nutr. 2013; 56: 597-601.

78. Kump PK, Gröchenig HP, Lackner S, Trajanoski S, Reicht G, Hoffmann 
KM, et al.Alteration of Intestinal Dysbiosis by Fecal Microbiota 
Transplantation Does not Induce Remission in Patients with Chronic 
Active Ulcerative Colitis. Inflamm Bowel Dis, 2013. 19:  2155-2165.

79. Borody TJ, Warren EF, Leis SM, Surace R, Ashman O, Siarakas S,. 
Bacteriotherapy using fecal flora: toying with human motions. J Clin 
Gastroenterol. 2004; 38: 475-483.

80. Borody TJ, George L, Andrews P, Brandl S, Noonan S, Cole P, et al. 
Bowel-flora alteration: a potential cure for inflammatory bowel 
disease and irritable bowel syndrome? Med J Aust, 1989. 150(10): p. 
604.

81. Watson J. B, H.F, Kelly C. First reported complication of fecal microbiota 
transplant: ulcerative colitis flare after FMT for relapsing Clostridium 
difficile infection.. Gastroenterology, 2012. 142: p. S540.

82. Pierog A, Mencin, N.R. Reilly.Fecal Microbiota Transplantation in 
Children with Recurrent Clostridium difficile Infection. Pediatr Infect 
Dis J, 2014.

83. Burke KE, Lamont JT. Fecal transplantation for recurrent Clostridium 
difficile infection in older adults: a review. J Am Geriatr Soc. 2013; 61: 
1394-1398.

84. Kelly CR, Ihunnah C, Fischer M, Khoruts A, Surawicz C, Afzali A, et 
al. Fecal microbiota transplant for treatment of Clostridium difficile 
infection in immunocompromised patients. Am J Gastroenterol. 2014; 

http://www.ncbi.nlm.nih.gov/pubmed/23041539
http://www.ncbi.nlm.nih.gov/pubmed/15790854
http://www.ncbi.nlm.nih.gov/pubmed/15790854
http://www.ncbi.nlm.nih.gov/pubmed/15790854
http://www.ncbi.nlm.nih.gov/pubmed/15790844
http://www.ncbi.nlm.nih.gov/pubmed/15790844
http://www.ncbi.nlm.nih.gov/pubmed/15790844
http://www.ncbi.nlm.nih.gov/pubmed/18180751
http://www.ncbi.nlm.nih.gov/pubmed/18180751
http://www.ncbi.nlm.nih.gov/pubmed/18180751
http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://www.ncbi.nlm.nih.gov/pubmed/16033867
http://www.ncbi.nlm.nih.gov/pubmed/16033867
http://www.ncbi.nlm.nih.gov/pubmed/16033867
http://www.ncbi.nlm.nih.gov/pubmed/17183309
http://www.ncbi.nlm.nih.gov/pubmed/17183309
http://www.ncbi.nlm.nih.gov/pubmed/21543530
http://www.ncbi.nlm.nih.gov/pubmed/21543530
http://www.ncbi.nlm.nih.gov/pubmed/21543530
http://www.ncbi.nlm.nih.gov/pubmed/21543530
http://www.ncbi.nlm.nih.gov/pubmed/24009379
http://www.ncbi.nlm.nih.gov/pubmed/24009379
http://www.ncbi.nlm.nih.gov/pubmed/24009397
http://www.ncbi.nlm.nih.gov/pubmed/24009397
http://www.ncbi.nlm.nih.gov/pubmed/24009397
http://www.ncbi.nlm.nih.gov/pubmed/18254055
http://www.ncbi.nlm.nih.gov/pubmed/18254055
http://www.ncbi.nlm.nih.gov/pubmed/18254055
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3255476/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3255476/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3255476/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3255476/
http://www.ncbi.nlm.nih.gov/pubmed/11686387
http://www.ncbi.nlm.nih.gov/pubmed/11686387
http://www.ncbi.nlm.nih.gov/pubmed/11686387
http://www.ncbi.nlm.nih.gov/pubmed/11686387
http://www.ncbi.nlm.nih.gov/pubmed/13592638
http://www.ncbi.nlm.nih.gov/pubmed/13592638
http://www.ncbi.nlm.nih.gov/pubmed/13592638
http://www.ncbi.nlm.nih.gov/pubmed/2563083
http://www.ncbi.nlm.nih.gov/pubmed/2563083
http://www.ncbi.nlm.nih.gov/pubmed/21618362
http://www.ncbi.nlm.nih.gov/pubmed/21618362
http://www.ncbi.nlm.nih.gov/pubmed/21618362
http://www.ncbi.nlm.nih.gov/pubmed/22360412
http://www.ncbi.nlm.nih.gov/pubmed/22360412
http://www.ncbi.nlm.nih.gov/pubmed/22360412
http://www.ncbi.nlm.nih.gov/pubmed/22360412
http://www.ncbi.nlm.nih.gov/pubmed/22002980
http://www.ncbi.nlm.nih.gov/pubmed/22002980
http://www.ncbi.nlm.nih.gov/pubmed/22002980
http://www.ncbi.nlm.nih.gov/pubmed/22290405
http://www.ncbi.nlm.nih.gov/pubmed/22290405
http://www.ncbi.nlm.nih.gov/pubmed/22290405
http://www.ncbi.nlm.nih.gov/pubmed/22290405
http://www.ncbi.nlm.nih.gov/pubmed/19637789
http://www.ncbi.nlm.nih.gov/pubmed/19637789
http://www.ncbi.nlm.nih.gov/pubmed/19637789
http://www.ncbi.nlm.nih.gov/pubmed/22468996
http://www.ncbi.nlm.nih.gov/pubmed/22468996
http://www.ncbi.nlm.nih.gov/pubmed/22468996
http://www.ncbi.nlm.nih.gov/pubmed/22468996
http://www.ncbi.nlm.nih.gov/pubmed/20122011
http://www.ncbi.nlm.nih.gov/pubmed/20122011
http://www.ncbi.nlm.nih.gov/pubmed/23323867
http://www.ncbi.nlm.nih.gov/pubmed/23323867
http://www.ncbi.nlm.nih.gov/pubmed/23323867
http://www.ncbi.nlm.nih.gov/pubmed/20547640
http://www.ncbi.nlm.nih.gov/pubmed/20547640
http://www.ncbi.nlm.nih.gov/pubmed/20547640
http://www.ncbi.nlm.nih.gov/pubmed/22827693
http://www.ncbi.nlm.nih.gov/pubmed/22827693
http://www.ncbi.nlm.nih.gov/pubmed/22827693
http://www.ncbi.nlm.nih.gov/pubmed/23542823
http://www.ncbi.nlm.nih.gov/pubmed/23542823
http://www.ncbi.nlm.nih.gov/pubmed/23542823
http://www.ncbi.nlm.nih.gov/pubmed/23542823
http://www.ncbi.nlm.nih.gov/pubmed/23899544
http://www.ncbi.nlm.nih.gov/pubmed/23899544
http://www.ncbi.nlm.nih.gov/pubmed/23899544
http://www.ncbi.nlm.nih.gov/pubmed/23899544
http://www.ncbi.nlm.nih.gov/pubmed/15220681
http://www.ncbi.nlm.nih.gov/pubmed/15220681
http://www.ncbi.nlm.nih.gov/pubmed/15220681
http://www.ncbi.nlm.nih.gov/pubmed/2783214
http://www.ncbi.nlm.nih.gov/pubmed/2783214
http://www.ncbi.nlm.nih.gov/pubmed/2783214
http://www.ncbi.nlm.nih.gov/pubmed/2783214
http://www.ncbi.nlm.nih.gov/pubmed/24853539
http://www.ncbi.nlm.nih.gov/pubmed/24853539
http://www.ncbi.nlm.nih.gov/pubmed/24853539
http://www.ncbi.nlm.nih.gov/pubmed/23869970
http://www.ncbi.nlm.nih.gov/pubmed/23869970
http://www.ncbi.nlm.nih.gov/pubmed/23869970
http://www.ncbi.nlm.nih.gov/pubmed/24890442
http://www.ncbi.nlm.nih.gov/pubmed/24890442
http://www.ncbi.nlm.nih.gov/pubmed/24890442


Central

Michail et al. (2015)
Email: 

Ann Pediatr Child Health 3(2): 1043 (2015) 9/9

Michail S, Klonoff A (2015) Review of Fecal Transplant in Childhood Gastrointestinal Disorders. Ann Pediatr Child Health 3(2): 1043.

Cite this article

109: 1065-1071.

85. De Leon LM, Watson JB, Kelly CR. Transient flare of ulcerative colitis 
after fecal microbiota transplantation for recurrent Clostridium 
difficile infection. Clin Gastroenterol Hepatol. 2013; 11: 1036-1038.

86. Brace C, Gloor GB, Ropeleski M, Allen-Vercoe E, Petrof EO.Microbial 
composition analysis of Clostridium difficile infections in an ulcerative 
colitis patient treated with multiple fecal microbiota transplantations. 
J Crohns Colitis, 2014; 8: 1133-1137.

87. Russell GH, Kaplan JL, Youngster I, Baril-Dore M, Schindelar L, 
Hohmann E, et al. Fecal transplant for recurrent Clostridium difficile 
infection in children with and without inflammatory bowel disease. J 
Pediatr Gastroenterol Nutr. 2014; 58: 588-592.

88. Borody TJ, Warren EF, Leis S, Surace R, Ashman O. Treatment of 
ulcerative colitis using fecal bacteriotherapy. J Clin Gastroenterol. 
2003; 37: 42-47.

89. Angelberger S, Reinisch W, Makristathis A, Lichtenberger C, Dejaco C, 
Papay P, et al. Temporal bacterial community dynamics vary among 
ulcerative colitis patients after fecal microbiota transplantation. Am J 
Gastroenterol. 2013; 108: 1620-1630.

90. Bakken JS, Borody T, Brandt LJ, Brill JV, Demarco DC, Franzos MA, 
et al. Treating Clostridium difficile infection with fecal microbiota 
transplantation. Clin Gastroenterol Hepatol. 2011; 9: 1044-1049.

91. Owens C, Broussard E, Surawicz C. Fecal microbiota transplantation 
and donor standardization. Trends Microbiol. 2013; 21: 443-445.

92. Joossens M, Huys G, Cnockaert M, De Preter V, Verbeke K, Rutgeerts 
P, et al. Dysbiosis of the faecal microbiota in patients with Crohn’s 
disease and their unaffected relatives. Gut. 2011; 60: 631-637.

93. Pépin J, Gonzales M, Valiquette L. Risk of secondary cases of 
Clostridium difficile infection among household contacts of index 
cases. J Infect. 2012; 64: 387-390.

94. Agans R, Rigsbee L, Kenche H, Michail S, Khamis HJ, Paliy O,. Distal 
gut microbiota of adolescent children is different from that of adults. 
FEMS Microbiol Ecol. 2011; 77: 404-412.

95. Wettstein, A., T.J. Borody, and S. Leis, Fecal bacteriotherapy: an 
effective treatment for relapsing symptomatic Clostridium difficile 
infection. [abstract G-67]. In: 15th United European Gastroenterology 
Week. Vienna, Austria: United European Gastroenterology Federation, 
2007.

96. Persky SE, Brandt LJ. Treatment of recurrent Clostridium difficile-
associated diarrhea by administration of donated stool directly 
through a colonoscope. Am J Gastroenterol. 2000; 95: 3283-3285.

97. Louie TJ. Home-based fecal flora infusion to arrest multiply-recurrent 
Clostridium difficile infection (CDI). In: Abstracts of the Interscience 
Conference on Antimicrobial Agents & Chemotherapy (Washington 
DC). Arlington, Virginia: Infectious Disease Society of America, 2008.  

98. Schwan A, Sjölin S, Trottestam U, Aronsson B. Relapsing clostridium 
difficile enterocolitis cured by   rectal infusion of homologous faeces. 
Lancet. 1983; 2: 845.

99. Alang N, Kelly CR. Weight Gain After Fecal Microbiota Transplantation. 
Open Forum Infectious Disease. 2015; 2: doi: 10.1093/ofid/ofv004.

100. Rigsbee L, Agans R, Shankar V, Kenche H, Khamis HJ, Michail S, et al. 
Quantitative profiling of gut microbiota of children with diarrhea-
predominant irritable bowel syndrome. Am J Gastroenterol. 2012; 
107: 1740-1751.

101. Tvede M, Rask-Madsen J. Bacteriotherapy for chronic relapsing 
Clostridium difficile diarrhoea in six patients. Lancet. 1989; 1: 1156-
1160.

102. Schubert AM, Rogers MA, Ring C, Mogle J, Petrosino JP, Young VB, 
et al. Microbiome data distinguish patients with Clostridium difficile 
infection and non-C. difficile-associated diarrhea from healthy 
controls. MBio. 2014; 5: 01021-01014.

http://www.ncbi.nlm.nih.gov/pubmed/24890442
http://www.ncbi.nlm.nih.gov/pubmed/23669309
http://www.ncbi.nlm.nih.gov/pubmed/23669309
http://www.ncbi.nlm.nih.gov/pubmed/23669309
http://www.ncbi.nlm.nih.gov/pubmed/24529606
http://www.ncbi.nlm.nih.gov/pubmed/24529606
http://www.ncbi.nlm.nih.gov/pubmed/24529606
http://www.ncbi.nlm.nih.gov/pubmed/24529606
http://www.ncbi.nlm.nih.gov/pubmed/24792627
http://www.ncbi.nlm.nih.gov/pubmed/24792627
http://www.ncbi.nlm.nih.gov/pubmed/24792627
http://www.ncbi.nlm.nih.gov/pubmed/24792627
http://www.ncbi.nlm.nih.gov/pubmed/12811208
http://www.ncbi.nlm.nih.gov/pubmed/12811208
http://www.ncbi.nlm.nih.gov/pubmed/12811208
http://www.ncbi.nlm.nih.gov/pubmed/24060759
http://www.ncbi.nlm.nih.gov/pubmed/24060759
http://www.ncbi.nlm.nih.gov/pubmed/24060759
http://www.ncbi.nlm.nih.gov/pubmed/24060759
http://www.ncbi.nlm.nih.gov/pubmed/21871249
http://www.ncbi.nlm.nih.gov/pubmed/21871249
http://www.ncbi.nlm.nih.gov/pubmed/21871249
http://www.ncbi.nlm.nih.gov/pubmed/24012274
http://www.ncbi.nlm.nih.gov/pubmed/24012274
http://www.ncbi.nlm.nih.gov/pubmed/21209126
http://www.ncbi.nlm.nih.gov/pubmed/21209126
http://www.ncbi.nlm.nih.gov/pubmed/21209126
http://www.ncbi.nlm.nih.gov/pubmed/22227466
http://www.ncbi.nlm.nih.gov/pubmed/22227466
http://www.ncbi.nlm.nih.gov/pubmed/22227466
http://www.ncbi.nlm.nih.gov/pubmed/21539582
http://www.ncbi.nlm.nih.gov/pubmed/21539582
http://www.ncbi.nlm.nih.gov/pubmed/21539582
http://www.ncbi.nlm.nih.gov/pubmed/11095355
http://www.ncbi.nlm.nih.gov/pubmed/11095355
http://www.ncbi.nlm.nih.gov/pubmed/11095355
http://www.ncbi.nlm.nih.gov/pubmed/6137662
http://www.ncbi.nlm.nih.gov/pubmed/6137662
http://www.ncbi.nlm.nih.gov/pubmed/6137662
http://ofid.oxfordjournals.org/content/2/1/ofv004.full
http://ofid.oxfordjournals.org/content/2/1/ofv004.full
http://www.ncbi.nlm.nih.gov/pubmed/22986438
http://www.ncbi.nlm.nih.gov/pubmed/22986438
http://www.ncbi.nlm.nih.gov/pubmed/22986438
http://www.ncbi.nlm.nih.gov/pubmed/22986438
http://www.ncbi.nlm.nih.gov/pubmed/2566734
http://www.ncbi.nlm.nih.gov/pubmed/2566734
http://www.ncbi.nlm.nih.gov/pubmed/2566734
http://www.ncbi.nlm.nih.gov/pubmed/24803517
http://www.ncbi.nlm.nih.gov/pubmed/24803517
http://www.ncbi.nlm.nih.gov/pubmed/24803517
http://www.ncbi.nlm.nih.gov/pubmed/24803517

	Review of Fecal Transplant in Childhood Gastrointestinal Disorders
	Abstract
	Introduction 
	Overview of the gut microbiome
	The role of the gut microbiome in Clostridium difficile infections
	The role of the gut microbiome in inflammatory bowel disease (IBD)
	Gut microbial changes in children with UC
	The gut micro biome in obesity and non-alcoholic fatty liver (NAFLD)
	Fecal transplant 
	The role of fecal transplant in specific clinical diseases

	Inflammatory bowel disease
	Clinical considerations of fecal transplant
	Donor screening
	Donor selection
	Mode of transplant
	Dose of fecal transplant
	Subject preparation
	Issues related to food allergies
	Potential risks of FMT
	Future directions

	Acknowledgement
	References
	Figure 1
	Figure 2
	Figure 3

