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Abstract

Fecal microbiome (microbiota) transplantation is an emerging treatment not only for refractory/recurrent Clostridium difficile infections and chronic gastrointestinal diseases, but also for metabolic syndrome, and even possibly for neurological disorders. This non-conventional therapy has been perhaps more appropriately designated as fecal bacteriotherapy (FB) as well. The employment of FB is spreading into pediatric gastroenterology. This focused review highlights the pediatric applications of FB and discusses hypotheses for its mechanism of action. We propose that intestinal microbiome therapy may be a more appropriate term for FB, which integrates its potential future applications.
© 2012 Baishideng. All rights reserved.
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Core tip: This review provides a focused overview of fecal bacteriotherapy and discusses possible mechanisms of action for this unconventional treatment. It also highlights the challenges, which this therapy faces.
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INTRODUCTION
The alarming increase in recurrent Clostridium difficile (C. difficile) infections (CDI) and associated deaths[3

]. 2

]. This non-conventional therapeutic approach has also been designated as fecal bacteriotherapy (FB)[
Human fecal preparations have been used for centuries in traditional Chinese medicine to treat various disorders[http://www.youtube.com/watch?v=HnSg2cl09PI11

]. More specifically, only about 25%-30% of the species received remained in the recipient community by 6 mo after the “transplant”. This result shows that some donor bacteria truly populate the recipient microbiome at least for several months. However, I propose that FB works by shock therapy or “enslapment” of the recipient microbiota, rather than just engrafting absent bacterial species into the recipient population. More specifically, a brief shock from a healthy donor bacterial community may restructure the recipient microbiota, which acts as a dynamic organ. The short-term to long-term engraftment of a few bacterial species from the donor stool into the restructuring recipient microbiota may aid/participate in this process. I use the example of crystallization induced by a bit of crystal placed into an over-saturated solution, such as in the case of sodium acetate (10

]. Only limited high-throughput metagenomic studies have addressed this question, especially over a prolonged time course after the treatments. Work with an artificial fecal bacterial preparation of 33 species found that there was a steady decline in the transplanted strains within the stool of the 2 recipients studied[


9

]. Many researchers argue that it is true engraftment of the donor microbiota that occurs in the recipients through FB, hence is designation as “transplantation”[


 ADDIN EN.CITE 
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]. In-spite of this finding we do not understand clearly how FB works. It appears that live bacteria are required for FB to be efficacious based on mouse model studies[


 ADDIN EN.CITE 7

]. The first randomized control trial comparing FB with vancomycin therapy for recurrent CDI showed the overwhelming superiority of the fecal preparation[


6

]. In such instances FB has been utilized with a cure approaching 90% irrespective of the mode of delivery (i.e., upper gastrointestinal, colonoscopic, or large volume retention enema)[
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]. However, the infection may recur in 13%-24% of cases within 4 wk[
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]. In spite of the surgeons’ dramatic success, fecal bacteriotherapy has received less attention up to the 1980’s perhaps secondary to the recognition that C. difficile is the pathogen for PC and that it can be effectively treated with antibiotics. Indeed, the short term efficacy of current antimicrobials is around 90% against CDI[4

]. However, it was not until 1958 when fecal preparations from healthy donors were employed by bold surgeons as enemas to treat critically ill patients with pseudomembranous colitis (PC)[) to demonstrate my hypothesis. In the case of FB, the stool donor is the bit of crystal and the dysbiotic recipient microbiota is the over-saturated solution. Upon the induction from the healthy donor stool, the recipient microbiota reverts back (“crystallizes”) to a healthier state of the microbial community supporting its ability to overcome CDI. The arguments for the shock therapy are: (1) a single FB enema works as effectively as any other mode of delivery. Enema volumes are about 5%-10% of the colonic volume. Those reach only the hepatic flexure at best, and are evacuated within a few hours after delivery. It is physiologically rather difficult to imagine that such a preparation could truly transplant the whole intestine of the recipient with microbes; and (2) a simple cultured mixture of 10 bacterial species worked as effectively in treating CDI as a retention enema preparation[12

]. It is unlikely that the treated recipients harbored only the 10 “transplanted” species following the resolution of CDI. 
Based on the above, FB appears to be a more appropriate designation of this treatment modality than fecal transplantation. Even more, “intestinal microbiome therapy” (IMT) may be the most proper term for FB, since the future will likely bring the development of restricted microbial communities for the treatment of human diseases. In fact, FB has been used with benefit in inflammatory bowel diseases (IBD)[21

]. The establishment and adherence to stringent guidelines and methods should aid the safety and future utilization of this unconventional treatment option for various human diseases. 20

]. To further standardization, “universal” frozen stool preparations to treat CDI were employed with success[19

]. The absence of consensus in regards to volume, route, donor screening, safety measures, and the potential lack of medical supervision has been discussed. Consequently, a fecal microbiota FMT workgroup has formed, and established guidelines for donor screening and recipient selection primarily for CDI[18

]. This statement leads to valid concerns raised about FB in the medical community[17

]. One of these patients has been in remission for over 11 years implicating the potential curative nature of FB for UC. However, in a recent review Dr. Borody states that more than 5 enemas are needed for most patients, but does not define how many[16

]. Thereafter, Thomas Borody and colleagues treated 6 UC patients with 5 consecutive daily enemas resulting in over 1 year remission off all medications in all[2

]. As for IBD, it was an academic physician, Justin Bennet, who innovatively treated his own ulcerative colitis (UC) with serial large volume retention enemas of stool preparation from a healthy donor[14

], metabolic syndrome[13

], chronic constipation and irritable bowel syndrome[
FB has been less investigated in children, most likely secondary to safety concerns. In the meantime, parents of children suffering from UC, for example, are eager for this treatment option to become available[
22

]. There are only two case reports in children supporting the safety and efficacy of FB for pediatric recurrent CDI[
23, 24
]. Additionally, a very recent publication demonstrated that serial retention enemas from healthy donors can be of benefit for pediatric and young-adult patients with mild to moderately active UC[25

]. The study participants experienced only mild to moderate, self-resolving side effects from FB. These publications clearly indicate the potential utility of FB in pediatric gastrointestinal disorders as well.
At present, FB appears to hold great prospects, but also significant challenges for the treatment of human diseases. For chronic disorders, such as IBD, the end point of therapy may be difficult to define. Long-term potential side effects such as modified metabolism, changes in mood and affect, altered susceptibility to malignancies, etc. have not been examined. The most optimal route of delivery may vary between diseases, and between differing phenotypes of a single disease. The need for donor-recipient matching is also of question. The importance of age, gender, race, and microbiome composition (among others) are also unknown in this respect. The potential significance of fungi and viruses during IMT has not even been addressed to date. Perhaps the greatest challenge for the future will be to define restricted microbial communities for specific diseases. Only dedicated academic scientists will be able to meet these challenges and optimize metagenomic medicine for current and future generations to come.
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