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vasopressors, hydrocortisone, more anti-

biotics, and even probiotics such as  “ acido-

philus milk ”  containing   Lactobacillus 

acidophilus.  Clearly in  desperation, the 

physicians used fecal retention enemas, 

consisting of feces collected from healthy 

donors without recent antibiotic expo-

sure. Remarkably, all patients experienced 

prompt recovery and were discharged 

from the hospital within days of enema 

administration. In their report, the team 

expressed their  “ hope that more com-

plete evaluation of this simple therapeu-

tic measure can be given further clinical 

trial by others. ”  Th ey further noted that 

once  “ more precise ”  microorganisms 

are identified, their administration in 

 “ enteric-coated capsules might be both 

more aesthetic and more eff ective. ”  

 At present, we know that the main 

causative agent of pseudomembranous 

colitis is  Clostridium diffi  cile , a Gram-

positive bacterium, which results in 

disease by the production of toxins that 

directly disrupt the epithelial layer and 

promote infl ammatory responses in the 

colon. 3  Advances in medicine have not 

kept up with the evolution of this patho-

gen. Both the incidence and the severity 

of  C. diffi  cile  infection (CDI) have been 

steadily increasing due, at least in part, to 

the emergence of increasingly toxigenic 

strains of the bacterium that are resist-

ant to most commonly used antibiot-

ics. It is currently estimated that there 

are  ~ 500,000 cases of CDI every year in 

the Unites States alone, and that 15,000 –

 20,000 of these patients die as a result of 

this condition. 4  Th is is comparable with 

the number of deaths in the United States 

attributable to HIV (human immuno-

defi ciency virus). 

 Two of the most challenging  clinical 

problems associated with CDI include 

 fulminant disease and recurrent  infection. 5  

 Although antibiotic therapy is routine in 

modern medicine and surgery, it may lead 

to unanticipated negative consequences. 

Opportunistic infections can compli-

cate antibiotic treatments. An important 

example of this problem is pseudomem-

branous colitis, which is caused by a patho-

gen that is allowed to grow  unopposed 

by the antibiotic-suppressed normal fl ora 

of the distal gut. Despite the best sup-

portive measures, the mean mortality of 

fulminant pseudomembranous colitis is 

 ~ 75 % . 1  Th e increasing incidence of this 

condition calls for some novel treatment 

options. One possible therapeutic solu-

tion seems rather simple — to re-establish 

the normal intestinal fl ora by adminis-

tration of fecal material obtained from a 

healthy donor into the colon of patients 

with the disease. 

 Th e preceding paragraph summarizes 

how Eiseman  et al. , 1  a team of surgeons 

at the University of Colorado and the 

Veterans Administration Hospital, intro-

duced their paper in 1958, in which they 

described a case series of four patients 

treated with fecal enemas. Although some 

of the once powerful antibiotics listed in 

their paper have since been discontinued 

and are no longer useful, others, such as 

streptomycin and oxytetracycline, have 

changed their status from life-saving medi-

cines to biocides for use on fruit trees. 2  

 The patients described by Eiseman 

 et al.  were 45 – 68 years of age. Th eir symp-

toms developed shortly aft er exposure to 

multiple antibiotics. Th ree of four patients 

had fulminant pseudomembranous colitis 

and their critical condition continued to 

worsen despite  “ heroic ”  use of hydration, 
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Unfortunately, the hope of Eiseman  et al.  

that others would further test the use of 

bacteriotherapy for treatment of fulminant 

pseudomembranous colitis has not mate-

rialized over the intervening decades. Th e 

standard of practice for this form of CDI is 

emergent resection of the colon. However, 

despite all clinical advances, the current 

overall mortality rate for fulminant CDI 

is  ~ 50 % , which is only a modest improve-

ment over that seen in 1958. 6  Fortunately, 

most cases of CDI present with mild or 

moderate diarrhea rather than with severe 

illness, and the majority of patients can be 

treated with metronidazole or vancomy-

cin. However,  ~ 20 %  of these cases suff er 

recurrence of the infection, and the risk 

of recurrence increases twofold with each 

successive episode. 5  Prolonged tapering 

and pulse dosing with vancomycin have 

been found to be eff ective in some of the 

most difficult cases. This strategy aims 

to keep the re-growth of  C. diffi  cile  sup-

pressed, while allowing some recovery of 

the normal intestinal microfl ora. However, 

the strategy can fail, and persistent infec-

tion can cause chronic, debilitating, symp-

toms, and ultimately even death. 

 Over the last several decades, fecal 

bacteriotherapy has been off ered to some 

patients with recurrent, refractory CDI 

and there are now  ~ 200 cases presented 

in the literature. 7 – 9  Th e cumulative suc-

cess rate of this treatment is  ~ 90 % , and no 

ill eff ects have yet been reported. Despite 

its remarkable success, why is it that a 

relatively simple and highly curative 

method for such a common and men-

acing problem never made it among the 

standard options of treatment? Perhaps it 

is simply because of aesthetic reasons and 

a lack of understanding of the composi-

tion and critical functions of the distal gut 

microbiota. Indeed, substantive investiga-

tions of function and composition of the 

intestinal microbiota have been mostly 

precluded by the technical limitations 

of standard microbiological techniques. 

In the absence of much science, the idea 

probably could not overcome the instinc-

tive avoidance of something seemingly 

repulsive. However, recent developments 

in new genome sequencing technologies 

and the necessary bioinformatic tools to 

analyze large sequence sets have radi-

cally transformed this area of science. 

Our microbiota have become the subject 

of intense investigations as evidenced 

by the emergence of a number of dedi-

cated scientifi c journals, such as  Cell Host 

and Microbe ,  Mucosal Immunology ,  Gut 

Microbes , and major initiatives, such the 

Human Microbiome Project in the United 

States and the Metagenomics of the 

Human Intestinal Tract project fi nanced 

by the Seventh Framework Programme of 

the European Commission. 10,11  

 At present, we appreciate that the intes-

tinal microbiota constitute a true organ, 

one that has pivotal roles in the body ’ s 

metabolism and immune function. 12  

This organ performs unique digestive 

functions that simply cannot be accom-

plished by a germ-free gastrointestinal 

(GI) tract. Th e cells that constitute this 

microbial organ are specialized, highly 

evolved to their environment, and form 

metabolic and signaling networks with 

each other and with their host. We have 

learned from studies conducted using 

germ-free and various mutant mice that 

the intestinal microbiota also interact 

closely with the rest of the GI tract and 

regulate key functions of nutrient absorp-

tion, mucosal barrier maintenance, and 

immune defense. 13 – 15  Chronic infl am-

matory bowel diseases, such as Crohn ’ s 

disease and ulcerative colitis, are associ-

ated with an altered intestinal microfl ora, 

and are hypothesized to result from their 

imbalanced relationship with the host ’ s 

immune system. 16  However, the impor-

tance of the intestinal microbiota extends 

beyond the intestine. A number of studies 

conducted during the past decade suggest 

that the intestinal microbiota may have 

a role in the pathogenesis of metabolic 

syndrome and obesity. 17  It has also been 

postulated that the altered gut microbiota 

represent a partially inherited factor that 

is contributing to the current obesity epi-

demic and contribute to the pathogenesis 

of systemic autoimmunity. 18  Indeed, it 

is reasonable to speculate that a shift  in 

the composition of the intestinal micro-

biota by factors identifi ed in the hygiene 

hypothesis is contributing to the increas-

ing prevalence of autoimmunity and 

allergic diseases. 19  

 Naturally, there is intense interest in 

ways to modify the microbiota to treat 

disease and promote health. This idea 

is generally associated with probiotics 

and in modern times dates back to the 

work of Metchnikoff . 20  Probiotics are live 

microorganisms that are added to foods 

claimed to improve the balance of the 

intestinal microbiota. In general, there 

is little evidence for clinical benefit of 

commercial probiotics, despite it being a 

multibillion-dollar industry. 21  However, 

the challenges for the probiotic approach 

to alter the distal gut microbiota are truly 

formidable. Th e large intestine is inhab-

ited by  ~ 100 trillion bacterial cells, as well 

as by a number of members of the archaea 

and eukarya domains of life. In contrast, 

a typical dose of a commercial probiotic 

may contain only  ~ 10 billion live organ-

isms (10,000-fold less), and the majority 

of those eaten probably do not even reach 

the colon during their transit through 

the digestive tract. Moreover, microor-

ganisms indigenous to the GI tract are 

adapted to their intestinal environment 

and have co-evolved with each other and 

their host species. Consequently, they live 

as complex microbial communities in all 

available intestinal niches. Although some 

microorganisms used in probiotics, such 

as bifi dobacteria and Nissle  Escherichia 

coli , were isolated from human intes-

tines, it is unlikely that single microbial 

cultures have the ability to compete with 

the complex and established microbial 

community in the intestine. Even in pseu-

domembranous colitis, a condition trig-

gered by suppression of native bacteria by 

antibiotics, the evidence for the ability of 

various probiotics to provide therapeutic 

benefi t is lacking. 22  Th us, until our under-

standing of the microbial organ within 

our intestine increases by many orders of 

magnitude, the simplest and most obvi-

ous method to alter its composition may 

be by transplantation of the entire micro-

biota by bacteriotherapy. 

 About 2 years ago, we started a clinical 

program to treat patients with recurrent, 

refractory CDI with fecal transplanta-

tion. 23  As part of our protocol, we sam-

pled the feces of the donor and patients 

before and at various time points aft er the 

procedure. Th e samples then underwent 

metagenomic analysis to determine the 

taxonomic distribution of bacterial DNAs 

in feces. Our initial results demonstrated 

that patients with recurrent CDI have 
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marked disruption of their intestinal 

microbiota. Th is is perhaps not surpris-

ing, given multiple rounds of antibiotics 

and possible further inhibition of the 

native microbiota by recurrent growth of 

 C. diffi  cile  bacteria. Remarkably, however, 

the donor bacteria engraft ed very quickly 

into their new host and persisted for at 

least a month (our last examined time 

point so far) as the new dominant micro-

fl ora. More importantly, and from the 

patients ’  perspective, engraft ing results in 

prompt resolution of symptoms associ-

ated with CDI. Th ese results suggest that 

patients with recurrent CDI are suff ering 

the consequences of failure of the distal 

gut microbial organ. When new micro-

bial communities taken from a healthy 

donor are introduced into the patient ’ s 

colon, they quickly occupy their proper 

ecological niches and reconstitute the 

gut organ ecosystem. Th is is similar to the 

reconstitution of the hematopoietic system 

aft er bone marrow transplantation. 

 Th ere are, of course, some diff erences 

in the types of problems associated with 

fecal transplantation than those associ-

ated with most other organ transplan-

tation. For example, as the gut lacks a 

formidable immune barrier to microbial 

engraft ment, immunological matching 

of the donor and the recipient is theo-

retically not required. This makes the 

number of possible donors almost lim-

itless. However, the criteria for donor 

selection should nevertheless be strin-

gent. At this time, donor health is the best 

guide we have for assuming a healthy gut 

microbiota. Th e obvious exclusion cri-

teria for donors include the presence of 

known intestinal pathogens and chronic 

systemic viral infections, such as hepati-

tis and HIV. In addition, donors are typi-

cally excluded if they have a history of 

any GI problems, including infl ammatory 

bowel disease, irritable bowel syndrome, 

abdominal pains or altered bowel move-

ments, or extensive travel history. 7  We 

also exclude donors if they have a history 

of colon polyps, GI malignancy, bowel 

surgery, systemic autoimmunity, any 

liver test abnormalities, or any features 

of metabolic syndrome. As mentioned 

above, the composition of the gut micro-

biota may have a causal link with most of 

these problems. 

 It is currently unknown how the com-

position of the transplanted microbiota 

changes over time in the new host. How-

ever, it is possible that it may largely be 

shaped by the mucosal immune system 

through various innate mechanisms and 

through the secreted antibody. 16  In fact, 

shepherding the composition and activity 

of our mutualistic microfl ora may well be 

one of the core functions of the intesti-

nal mucosal immune system, in addition 

to its well-established role in protection 

against pathogen invasion. Additional 

physiological, anatomical, and genetic 

factors intrinsic to the new host may also 

impact the fi nal composition of the trans-

planted intestinal microbiota. 24  Most 

obviously, however, individual experi-

ences and behaviors of the host, such as 

diet and exercise, are also expected to 

have a considerable infl uence on the com-

position of the intestinal microbiota. 

 Further development of clinical micro-

bial transplantation programs can create 

new opportunities to address important 

questions central to mucosal immunology 

and clinical medicine. We can see some 

of these opportunities potentially arising 

from our current work with recurrent 

CDI. Patients with infl ammatory bowel 

disease are at increased risk for contracting 

CDI. 25  So far, among our refractory CDI 

patients, there seems to be an increased 

prevalence of patients with Crohn ’ s dis-

ease and microscopic colitis. Th is opens 

the door to numerous questions, includ-

ing: Could fecal transplantation have an 

impact on its underlying infl ammatory 

bowel disease? What will be the fate of 

the new microbiota over the long term? 

How do the new microbiota aff ect overall 

health and weight gain? Will the compo-

sition evolve diff erently from that seen in 

patients without discernible underlying 

intestinal inflammation? Investigating 

complex patients such as these could pro-

vide some interesting pilot data. 

 A more direct approach to test the ther-

apeutic potential of fecal transplantation 

for some diseases may also be justifi able, 

and accompanied by basic investiga-

tions. In 1989, Bennet and Brinkman 26  

described a case report of the successful 

treatment of refractory ulcerative colitis 

by fecal bacteriotherapy following antibi-

otic  “ sterilization. ”  Borody  et al.  published 

a case series of six patients with refractory 

ulcerative colitis who have apparently 

achieved complete (clinical and histologi-

cal), medication-free, remission using a 

similar procedure. No disease recurrence 

was noted in 1 – 13 years of follow-up. 27  

However, no follow-up controlled trials 

have yet emerged, and similar to fulmi-

nant CDI, the standard care for refractory 

ulcerative colitis remains surgical removal 

of the colon. Nevertheless, replacement of 

the host ’ s intestinal microbiota by fecal 

transplantation following deliberate anti-

biotic treatment and durable persistence 

of donor bacteria for up to 24 weeks has 

recently been documented. 28  Th is pro-

vides evidence for the plausibility of using 

this therapeutic approach for conditions 

that may be caused by the pathogenic 

microbiota. 

 Although long recognized for their 

importance, the human microbiota have 

been largely ignored by science because 

of their complexity and technical limi-

tations of classic microbiological tech-

niques. However, genomic sequencing 

technologies, computational methods, 

as well as large-scale proteomic and 

metabolomic analyses, are fi nally opening 

up this world to scientifi c investigation. 

Microbial ecologists, clinicians, immu-

nologists, physiologists, nutritionists, 

and computer scientists are now begin-

ning to work together, learn from each 

other, and are building this new science. 

Clearly, however, the mere cataloguing of 

all the diff erent microbial species at vari-

ous locations of the human body and the 

association of specifi c microbial signa-

tures with diseases will not by themselves 

establish mechanisms of disease causation 

or provide novel therapies. Rather, com-

bining metagenomic and metabolomic 

studies with intentional modifi cation of 

the microbiota are necessary to achieve 

these goals. Transplantation of the micro-

biota in animal models, particularly using 

gnotobiotic mice, have already led to 

major new insights into host interactions 

with its microfl ora and is contributing to 

the development of new hypotheses and 

disease paradigms. 14,29  However, trans-

plantation of the microbiota in humans 

has also been occasionally performed 

for selected indications in the clinic with 

very promising results for many decades. 
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It is time to realize the hopes expressed 

by Eiseman  et al.  over half a century ago. 

Th is requires careful design and the use 

of larger and well-controlled clinical tri-

als involving transplantation of the distal 

gut microbiota. We can ultimately get a 

clearer understanding of this important 

microbial organ by combining clinical 

data obtained in these studies with mod-

ern metagenomic analyses of the gut 

microbiome.     
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