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Clostridium difficile-associated diarrhea is a problem most 
hospital-based physicians will face in their career. This review 
aims to refresh current knowledge with regard to Clostridium 
difficile infection and bring physicians up to date with the 
latest developments in the growing field of fecal microbiota 
transplantation, the benefits it offers, and the promise this 
and other developments hold for the future. 
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a ntibiotic-associated colitis caused by C. difficile is the most 
common cause of hospital-acquired diarrhea and a major 

cause of morbidity and mortality within the elderly hospitalized 
patient population. In the United States the number of cases 
doubled during the years 2000 to 
2009. This condition is the result 
of the widespread use of antibiotic 
therapy, which disrupts the nor-
mal gut flora, causing dysbiosis (a 
change of the normal gut bacterial population) that enables 
colonization of the intestinal tract by C. difficile [1].

Since 2000, there have been significant increases in the inci-
dence and severity of health care-associated C. difficile infec-
tion (CDI), particularly in patients over 65 years old. It was 
found that about 20% of patients with negative stool culture on 
admission become infected during their hospitalization. These 
patients, although mostly asymptomatic, then become reser-
voirs for environmental contamination to other hospitalized 
patients as they shed spores of C. difficile [1].

Due to the dramatic increase in CDI rates, many efforts are 
invested in improving treatment. However, until recently, none 
of the regimen protocols succeeded in eradicating this bacte-
rium, and a sizable number of patients suffer from recurrent 
CDIs that result in severe morbidity and sometimes death. In 
addition, the burden of this infection on patients’ families and 

on the health care system are also significant owing to the cost of 
antibiotics, multiple hospitalization days, complications, and the 
need to isolate these patients to prevent transmission to others. 

Recently, it was shown that a simple and cheap procedure, 
fecal microbial transplantation (FMT), can eradicate C. difficile 
in up to 90% of cases. In this review, we discuss the risk factors 
for CDI and the current treatment approach, describe the FMT 
procedure, list its indications, and present evidence supporting 
the use of FMT for CDI. 

risK Factors associated witH cdi 

Identification of risk factors for C. difficile infection in patients 
with diarrhea is an important step in early diagnosis and treat-
ment in these patients. Antibiotic usage is the greatest risk factor 
for CDI, increasing the risk eight- to tenfold during and for one 
month after usage and threefold for the subsequent 2 months 
[2]. The most commonly implicated antibiotics are ampicillin, 
clindamycin and third-generation cephalosporins [3]. Other risk 
factors include anti-neoplastic agents, corticosteroids, increas-

ing age, use of stool softeners and 
gastrointestinal stimulants, enteral 
feeding, recent hospitalization, 
chronic dialysis, and residency in 
long-term care facilities. Whether 

the use of proton pump inhibitors is a risk factor remains con-
troversial, but a meta-analysis by Janarthanan et al. [4] found 
them to be a significant risk factor in CDI. It is currently thought 
that apart from an impaired immune response, most of these 
risk factors alter the enteric microbial population which allows 
C. difficile colonization.

PatHogenesis

Clostridium difficile is an anaerobic, gram-positive, spore-form-
ing and toxin-producing bacillus. C. difficile can exist in spore 
and vegetative forms and these spores are resistant to heat, acid 
and antibiotics. Once these spores enter the small intestine they 
convert to fully functional vegetative forms and start producing 
toxins [1]. C. difficile releases two potent exotoxins: an entero-
toxin (Toxin A) and a cytotoxin (Toxin B). These toxins lead 
to intestinal fluid secretion, mucosal injury and inflammation 
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[5]. Toxin A can directly activate neutrophils, while both toxins 
can promote neutrophil chemotaxis to localize in pseudomem-
branes [6]. It was found that Toxin B is essential for the virulence 
of C. difficile, and strains lacking Toxin A can be just as virulent 
as strains with both toxins [7]. 

diagnosis

The diagnosis of CDI is based on the presence of the following 
factors: moderate to severe diarrhea, ileus, and stool positive 
for either C. difficile toxins or toxigenic C. difficile [Figure 1]. 
Endoscopy with biopsy can be an adjunctive tool for diag-
nosis in patients with a high clinical suspicion and negative 
laboratory tests, when a prompt diagnosis is required, when 
there is no response to treatment, or when the presentation 
is atypical [8]. Additional tools for the diagnosis of CDI were 
recently described, including a new immunochromatography 
test that has proven to be quicker, cheaper and more accurate 
than regular tests [9]. 

current treatment Practices 

Current treatment guidelines categorize patients into those with 
mild/moderate, severe, severe-complicated (based on leukocyte 
counts and renal function), and recurrent infection. As shown in 
Table 1, initial treatment is usually oral metronidazole for mild/
moderate disease, oral vanco-
mycin for severe disease, and 
a combination of oral vanco- 
mycin and intravenous met-
ronidazole for severe-compli-
cated disease [10]. However, evidence to support these recom-
mendations is controversial [3].

Up to 20% of patients suffer from CDI recurrence after the 
initial treatment and 40%–65% after treatment for a second 
episode [11]. Newer treatments that were recently approved 
for recurrent CDI and experimental treatments currently 
being tested are delineated in Table 2.

One of the most promising treatments is fecal microbiota 
transplantation (FMT), which has demonstrated up to 90% 
efficacy in eradication of CDI and was recently approved by the 
U.S. Food and Drug Administration as well as by the Ministry of 
Health in Israel. The aim of FMT is to correct the gut dysbiosis 
and reestablish a normal and functional intestinal microbiota 
in patients with CDI.

Fecal microBiota transPlantation 

The use of fecal content in medicine is not new. The first evidence 
of its usage comes from China. During the Dong Jin dynasty in 
the 4th century AD, Ge Hong, a well-known Chinese traditional 
medicine doctor, described the use of human fecal suspension 

by mouth for patients who had 
food poisoning or severe diar-
rhea. Astonishingly, this yielded 
positive results [12]. During the 
Ming dynasty in the 16th cen-

tury, herb doctors used a fecal suspension called “yellow soup” 
to treat abdominal pain and severe diarrhea [13]. Later, in the 
17th century, Italian anatomist Fabricius Aquapendente used 
FMT in veterinary medicine [14]. Its first application in more 
recent times was in 1958 in the USA. In that study, Eiseman et 
al. [15] reported four patients with pseudomembranous colitis 
(before identification of C. difficile) who were treated with fecal 

Fecal microbiota transplantation is a safe, 
effective and durable treatment for recurrent 

c. difficile infection, proving more
effective than standard medical therapy

Figure 1. Flow chart for the diagnosis of Clostridium difficile 
infection (CDI)

PCR = polymerase chain reaction
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table 1. Standard treatment of Clostridium difficile infection [10]

severe-complicated*severe*mild/moderate*

Vancomycin 500 mg
orally 4 times daily and 
metronidazole 500 mg
intravenously 3 times daily

Vancomycin 
125 mg orally
4 times daily

Metronidazole 
500 mg orally 3
times daily

Initial 
treatment 
and first 
recurrence

Vancomycin orally with tapering dosageSecond 
recurrence

*Determined by leukocyte count and renal function

table 2. Treatment options investigated for use in CDI

evidencedetailtreatment

Has shown benefit in 
preventing recurrence when 
administered immediately after 
a course of vancomycin [34]

Semi-synthetic, 
non-absorbable 
antibiotic

Rifaximin

8 times more active in
vitro than vancomycin [35].
Decreased recurrence of CDI 
compared to vancomycin [36]

Narrow-spectrum 
macrocyclic 
antibiotic

Fidaxomicin

Mixed results, requires further 
investigation [37]

Administered 
in addition to 
antibiotics

Intravenous 
immune 
globulin (IVIG)

Conferred protection against 
numerous strains of C. difficile 
and prevented relapse [38]

Chimeric toxin 
vaccine

Vaccination 
against Toxins 
A + B

Seroconversion in 75% of
patients [39]

Bivalent formalin-
inactivated vaccine 
against Toxins A + B

Sanofi Pasteur 
[40] anti-toxin
vaccine
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may not be physiologic. In contrast, colonoscopic administra-
tion allows for the assessment of disease severity at the time of 
transplantation, the bowel preparation having removed abnor-
mal microbiota which allows the new “healthy” microbiota to 
have greater effect. The benefit of enema administration is its 
cost-effectiveness and safety. In terms of results, one system-
atic review reported a success rate of 95% for enemas, 89% for 
colonoscopy and 76% for nasoduodenal administration [20]. 
The latest work on the topic of FMT, by Dutta and co-authors 
[21] who used a combined jejunal and colonic transplantation
approach, showed a 100% response rate to FMT. This is the first 
indication that combined transplantation from the upper and
lower GI tract, despite incurring increasing cost, may provide

the best and most lasting results. 
Another option for FMT cur-

rently under study is the use of 
frozen stool samples. Research 
by Borody and Khoruts [22] 
described the successful use of 
this technique. The benefits of 
using frozen stool preparation 

include the ability to standardize fecal samples for donation, 
and the establishment of a stool bank to ensure availability of 
material for transplantation.

eFFectiveness oF Fmt

Table 3 shows the results of numerous studies investigating the 
effectiveness of FMT in recurrent CDI. These data show FMT 
to be a highly effective and durable treatment for recurrent CDI, 
proving more effective than standard treatment using vanco-
mycin in patients with CDI regardless of age, disease severity 
or comorbidities. 

Perhaps as important as its success in the treatment of CDI 
was the finding that FMT is a safe and durable mode of treat-
ment [23-27]. The procedure is also acceptable to patients, with 
one study noting that 97% of patients who underwent FMT 

enemas and all four had prompt resolution of their symptoms. 
The first report of FMT for an established CDI infection was 
published in 1983 [16]. 

donor selection 

FMT transplant material is medically classified as human tissue 
[17]. Potential donors should be screened for risk of infectious 
agents such as human immunodeficiency virus, hepatitis B or C 
infections, high risk sexual behavior, use of illicit drugs, tattoo or 
body piercing within 6 months, known current communicable 
disease, or travel within the previous 6 months to high risk areas. 
Donors are similarly excluded if they have a history of inflam-
matory bowel disease, irritable bowel syndrome, constipation or 
diarrhea, gastrointestinal malig-
nancy, or polyposis. Potential 
donors should not have used 
antibiotics or immunosuppres-
sive agents for 3 months prior 
to donation. Other exclusion 
criteria include a history of gas-
trointestinal surgery, metabolic 
syndrome, or systemic immune mediated diseases [18]. 

There is a debate whether or not a donor should be a fam-
ily relative. Using donors who live in the same household may 
minimize the risk of transmitting infectious disease since, theo-
retically, they already share most of the microbial species in their 
intestinal microbiota with the recipient [18]. However, in sup-
port of using rigorously screened, healthy, unrelated and young 
donors is the fact that intestinal microbiota are potentially 
involved in a number of systemic diseases, such as metabolic 
syndrome, diabetes, and inflammatory bowel disease [19]. There 
are other benefits to using anonymous donors: the burden of 
finding a donor is removed from the patient; and donors with 
a proven cure history can be used, reducing the risk of similar 
susceptible microbiota in related donors [17]. It has also been 
suggested that men are preferred donors over women as the 
microbiota that females carry might result in a higher risk of 
irritable bowel syndrome in recipients [18].

tHe Fmt Procedure 

When fresh samples are used, donor stool is delivered to the 
institution within a few hours of passing; saline solution or water 
is added to the sample which is blended to achieve a homog-
enous liquid. This liquid is then filtered to remove particulate 
matter. Bowel preparation is required in order to clear the gut 
and reduce the abnormal host microbiota and allow for the more 
effective implantation of donor microbiota [17]. With regard 
to administration of the fecal solution, various routes are pos-
sible: nasoduodenal, transgastroscopic, transcolonoscopic, or 
enema based. The limitations of nasoduodenal infusion include 
patient reluctance, the risk of vomiting, and the introduction of 
lower gastrointestinal (GI) microbiota into the upper GI which 

Future research will lead to a standardized 
and more acceptable method of 

transplanting the gut microbiome to  
make this therapy available to a  

greater number of people and perhaps 
turn it into first-line treatment for cdi

table 3. Studies of fecal microbiota transplantation (FMT) for CD

authors [ref] study design result

Garborg et 
al. [23]

Retrospective study 40 patients with recurrent CDI
previously treated with vancomycin 
had 83% success rate with FMT

Mattila et 
al. [25]

Multicenter 
retrospective study

70 patients treated with FMT had
94% success rate

Brandt et 
al. [24]

Multicenter long-term 
follow-up study

Long-term durability of FMT 
success, with 77 patients (> 90%)
remaining recurrence free post-FMT

Van Nood 
et al. [26]

Randomized 
controlled trial

FMT was more effective than 
vancomycin for recurrent CDI. Of 
16 patients in the FMT group 81%
were cured compared to 31% in the
vamcomycin group

Cammarota 
et al. [27]

Systematic review 536 patients with CDI treated with
FMT had a cure rate of 87%
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are needed to assess additional risks that may be mediated by 
the transplanted microbiota. 

our exPerience

We recently established the Bacteriotherapy Service at the Tel 
Aviv Medical Center. We perform FMT by means of a colo-
noscopy or gastroscopy and maintain a bank of frozen stool 
preparations donated by meticulously screened donors. These 
preparations are ready to be used for CDI patients as well as for 
research purposes. CDI patients who suffer from a recurrent 
proven CDI and have failed vancomycin treatment are eligible 
for FMT. A summary report of our experience will be published 
in the near future. 

Questions For tHe Future 

FMT has proven to be a safe and effective treatment for recur-
rent CDI. However, some questions have yet to be resolved, 
such as whether this therapy should be used as first-line treat-
ment at the initial presentation of CDI and, if not, how to risk 
stratify patients accordingly. The answers to these questions 
will probably be determined by the procedure’s safety, cost-
effectiveness and patients’ acceptance. Studies are also required 
to investigate the most effective mode of transplantation (duo-
denal or colonic), whether donors should be relatives or not, 
and whether material should be frozen or fresh. 

While the above questions are being investigated, it is obvi-
ous that FMT will not maintain its current form for long and 
that eventually we will be able to administer a probiotic pill that 
will contain the beneficial bacteria required to eliminate C. dif-
ficile. A significant innovation in this field has already occurred. 
A group in the USA was able to develop multilayered capsules 
containing concentrated donor fecal matter [31] in order to 
eliminate the need for endoscopy. Twenty-seven CDI patients 
with more than three episodes of recurrent CDI swallowed up 
to 34 capsules and achieved 100% cure rate. A study by Khanna 
et al. [32] has proven the success of an orally delivered commu-
nity of microbes, namely, a 100% cure rate in treating recurrent 
CDI and an excellent safety profile. A novel formula for FMT is 
described by Petrof and collaborators [33], where purified intes-
tinal bacterial cultures consisting of 33 isolates from a single 
healthy donor were used to treat CDI in two patients who had 
failed standard treatment. CDI was resolved in both patients 
and normal bowel behavior, which lasted through 6 months of 
follow-up, was restored. Although these studies show promis-
ing results, there are still potential obstacles to overcome, such 
as demonstrating efficacy in severely ill patients (who were not 
included in most of those studies), and preventing industrially 
cultured bacteria (as opposed to stool-isolated bacteria) from 
undergoing mutations that will prevent their efficacy. 

Currently, the use of FMT for CDI is becoming increasingly 
popular worldwide and demonstrates impressive and consis-
tent results. Once we learn which specific bacteria are required 

would undergo another FMT if they had recurrence of disease 
and 53% stating they would choose FMT as first-line treatment 
over antibiotics [24]. 

mecHanisms oF action 

In gastrointestinal homeostasis, the diverse commensal micro-
biota prevent the colonization and overgrowth of pathogenic 
microbes. Antibiotic therapy damages this balanced commen-
sal gut microbiome, allowing C. difficile to dominate and cause 
disease. FMT reintroduces normal microbiota and restores this 
balance, allowing the suppression of C. difficile and rebuilding 
colonization resistance [10]. It was shown that in mice chroni-
cally infected with CDI, there was decreased microbial diversity, 
upregulated pro-inflammatory cytokines, and reduced butyrate 
level. In these mice, vancomycin reduced the shedding of C. dif-
ficile; however, the bacteria shedding returned to pretreatment 
values following cessation of therapy. In contrast, FMT and tar-
geted treatment with six specifically identified, phylogenetically 
diverse species of obligate and facultative anaerobes suppressed 
the shedding and resolved the CDI and its contagiousness, 
partly by restoring gut diversity [28].

Another presumed mechanism involves gut permeability. It 
is thought that FMT may decrease gut permeability through 
increased production of short chain fatty acids, thereby decreas-
ing CDI severity. Increased production of short chain fatty acids, 
particularly butyrate (which is the main energy source of epithe-
lial cells in the colon), helps to maintain epithelial barrier integ-
rity through reducing intestinal permeability [29]. Recently, a 
study by Dutta and team [21] found that FMT increased fecal 
microbiota diversity and increased the relative proportions of 
butyrate-producing bacteria, namely, Lachnospiraceae. These 
findings not only support the mechanism of action presumed 
above but indicate that Lachnospiraceae may be the key bacte-
rial family responsible for the success of FMT. This finding may 
lead to even more targeted and standardized fecal microbiota 
transplantation.

Procedural saFetY and comPlications 

FMT is a safe procedure in most patients and was recently dem- 
onstrated to be safe in immune compromised patients as well 
[30]. Following the procedure, transient GI symptoms or altered 
bowel habits commonly occur – such as altered bowel habits, 
abdominal cramping, increased gaseousness or bloating – which 
resolve within several days. 

The usual post-endoscopic complications of perforation and 
hemorrhage may also occur. Other concerns about FMT include 
the transfer of metabolic and immune mediated diseases such 
as obesity, diabetes, inflammatory bowel disease and irritable 
bowel syndrome, particularly in light of current research on 
the causal relationship that the gut microbiota has with these 
diseases. While FMT appears to be a safe procedure, further 
studies with large numbers of patients and long-term follow-up 
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to eradicate CDI, this therapy will likely become the first-line 
therapeutic intervention for this disease. 

correspondence 
dr. n. maharshak
Bacteriotherapy Service, Dept. of Gastroenterology and Liver Diseases, Tel 
Aviv Sourasky Medical Center, Tel Aviv 64239, Israel
Phone: (972-3) 697-4280 
Fax: (972-3) 697-4622
email: nitsanm@tlvmc.gov.il

references
1. Lessa FC, Gould CV, McDonald LC. Current status of Clostridium difficile

infection epidemiology. Clin Infect Dis 2012; 55 (Suppl 2): S65-70.
2. Hensgens MP, Goorhuis A, Dekkers OM, Kuijper EJ. Time interval of increased 

risk for Clostridium difficile infection after exposure to antibiotics. J Antimicrob
Chemother 2012; 67 (3): 742-8.

3. Oldfield IV EC, Oldfield III EC, Johnson DA. Clinical update for the diagnosis
and treatment of Clostridium difficile infection. World J Gastrointest Pharmacol 
Ther 2014; 5 (1): 1-26.

4. Janarthanan S, Ditah I, Adler DG, Ehrinpreis MN. Clostridium difficile-associated
diarrhea and proton pump inhibitor therapy: a meta-analysis. Am J Gastroenterol 
2012; 107 (7): 1001-10.

5. Mahida YR, Makh S, Hyde S, Gray T, Borriello SP. Effect of Clostridium difficile 
toxin A on human intestinal epithelial cells: induction of interleukin 8 production
and apoptosis after cell detachment. Gut 1996; 38 (3): 337-47.

6. Souza MH, Melo-Filho AA, Rocha MF, et al. The involvement of macrophage-
derived tumour necrosis factor and lipoxygenase products on the neutrophil
recruitment induced by Clostridium difficile toxin B. Immunology 1997; 91 (2):
281-8.

7. Lyras D, O’Connor JR, Howarth PM, et al. Toxin B is essential for virulence of
Clostridium difficile. Nature 2009; 458 (7242): 1176-9.

8. Fekety R. Guidelines for the diagnosis and management of Clostridium difficile-
associated diarrhea and colitis. American College of Gastroenterology, Practice
Parameters Committee. Am J Gastroenterol 1997; 92 (5): 739-50.

9. Samra Z, Madar-Shapiro L, Aziz M, Bishara J. Evaluation of a new immuno- 
chromatography test for rapid and simultaneous detection of Clostridium difficile 
antigen and toxins. IMAJ 2013; 15 (7): 373-6.

10. Brown WR. Fecal microbiota transplantation in treating Clostridium difficile 
infection. J Dig Dis 2014; 15 (8): 405-8.

11. McFarland LV, Surawicz CM, Rubin M, Fekety R, Elmer GW, Greenberg RN.
Recurrent Clostridium difficile disease: epidemiology and clinical characteristics.
Infection control and hospital epidemiology. Hosp Epidemiol Am 1999; 20 (1): 43-50.

12. Zhang F, Luo W, Fan Z, Ji G. Should we standardize the 1700 year old fecal 
microbiota transplantation? Am J Gastroenterol 2012;10711):755

13. Zhou H, Bei JF. Ge H (Dongjin Dynasty). Tianjin: Tianjin Science & Technology
Press, 2000. 

14. 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 (6):
475-83.

15. Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as an adjunct in the
treatment of pseudomembranous enterocolitis. Surgery 1958; 44 (5): 854-9.

16. Schwan A, Sjolin S, Trottestam U, Aronsson B. Relapsing clostridium difficile
enterocolitis cured by rectal infusion of homologous faeces. Lancet 1983; ii (8354):
845.

17. Borody TJ, Paramsothy S, Agrawal G. Fecal microbiota transplantation: indica- 
tions, methods, evidence, and future directions. Curr Gastroenterol Rep 2013; 15
(8): 337.

18. Bakken JS, Borody T, Brandt LJ, et al. Treating Clostridium difficile infection 
with fecal microbiota transplantation. Clin Gastroenterol Hepatol 2011; 9
(12): 1044-9.

19. Karlsson FH, Fak F, Nookaew I, et al. Symptomatic atherosclerosis is associated 
with an altered gut metagenome. Nature Comm 2012; 3: 1245.

20. Gough E, Shaikh H, Manges AR. Systematic review of intestinal microbiota
transplantation (fecal bacteriotherapy) for recurrent Clostridium difficile infection.
Clin Infect Dis 2011; 53 (10): 994-1002.

21. Dutta SK, Girotra M, Garg S, et al. Efficacy of combined jejunal and colonic fecal
microbiota transplantation for recurrent Clostridium difficile infection. Clin 
Gastroenterol Hepatol 2014; 12 (9): 1572-6.

22. Borody TJ, Khoruts A. Fecal microbiota transplantation and emerging
applications. Nature Rev Gastroenterol Hepatol 2012; 9 (2): 88-96.

23. Garborg K, Waagsbo B, Stallemo A, Matre J, Sundoy A. Results of faecal donor
instillation therapy for recurrent Clostridium difficile-associated diarrhoea. 
Scand J Infect Dis 2010; 42 (11-12): 857-61.

24. Brandt LJ, Aroniadis OC, Mellow M, et al. Long-term follow-up of colonoscopic
fecal microbiota transplant for recurrent Clostridium difficile infection. Am J
Gastroenterol 2012; 107 (7): 1079-87.

25. Mattila E, Uusitalo-Seppala R, Wuorela M, et al. Fecal transplantation, through 
colonoscopy, is effective therapy for recurrent Clostridium difficile infection.
Gastroenterology 2012; 142 (3): 490-6.

26. van Nood E, Vrieze A, Nieuwdorp M, et al. Duodenal infusion of donor feces 
for recurrent Clostridium difficile. N Engl J Med 2013; 368 (5): 407-15.

27. Cammarota G, Ianiro G, Gasbarrini A. Fecal microbiota transplantation for 
the treatment of Clostridium difficile infection: a systematic review. J Clin
Gastroenterol 2014; 48 (8): 693-702.

28. Lawley TD, Clare S, Walker AW, et al. Targeted restoration of the intestinal
microbiota with a simple, defined bacteriotherapy resolves relapsing Clostridium
difficile disease in mice. PLoS Pathogens 2012; 8 (10): e1002995.

29. Tremaroli V, Backhed F. Functional interactions between the gut microbiota 
and host metabolism. Nature 2012; 489 (7415): 242-9.

30. Kelly CR, Ihunnah C, Fischer M, et al. Fecal microbiota transplant for treatment 
of Clostridium difficile infection in immunocompromised patients. Am J Gastro- 
enterol 2014; 109 (7): 1065-71.

31. Louie T, Cannon K, O’grady H, Wu K, Ward L. Fecal microbiome transplantation
(FMT) via oral fecal microbial capsules for recurrent Clostridium difficile infection 
(rCDI). Abstract 2013, presented at IDWeek October 2013, San Francisco, CA

32. Khanna S, Pardi DS, Kelly C, et al. Clinical Evaluation of SER 109, a rationally
designed, oral microbiome-based therapeutic for the treatment of recurrent
Clostridium difficile. 2014. Available online: http://www.gastro.org/pressroom/
James_W._Freston_Abstract_Orally_Delivered_Microbes.pdf (Accessed August
12th 2015)

33. Petrof EO, Gloor GB, Vanner SJ, et al. Stool substitute transplant therapy for 
the eradication of Clostridium difficile infection: ‘RePOOPulating’ the gut.
Microbiome 2013; 1 (1): 3.

34. Johnson S, Schriever C, Galang M, Kelly CP, Gerding DN. Interruption of
recurrent Clostridium difficile-associated diarrhea episodes by serial therapy 
with vancomycin and rifaximin. Clin Infect Dis 2007; 44 (6): 846-8.

35. Hecht DW, Galang MA, Sambol SP, Osmolski JR, Johnson S, Gerding DN. In vitro 
activities of 15 antimicrobial agents against 110 toxigenic clostridium difficile
clinical isolates collected from 1983 to 2004. Antimicrob Agents Chemother 2007;
51 (8): 2716-19.

36. Louie TJ, Miller MA, Mullane KM, et al. Fidaxomicin versus vancomycin for 
Clostridium difficile infection. N Engl J Med 2011; 364 (5): 422-31.

37. Lowy I, Molrine DC, Leav BA, et al. Treatment with monoclonal antibodies
against Clostridium difficile toxins. N Engl J Med 2010; 362 (3): 197-205.

38. Wang H, Sun X, Zhang Y, et al. A chimeric toxin vaccine protects against
primary and recurrent Clostridium difficile infection. Infect Immun 2012; 80 
(8): 2678-88.

39. Foglia G, Shah S, Luxemburger C, Pietrobon PJ. Clostridium difficile: development
of a novel candidate vaccine. Vaccine 2012; 30 (29): 4307-9.

40. Pasteur S. 2013. Available from: http://www.sanofipasteur.com/en/commitment/
r-d/vaccines_for_tomorrow/.

“men never do evil so completely and cheerfully as when they do it from religious conviction”
Blaise Pascal (1623-1662), French mathematician, physicist, inventor, writer and Christian philosopher




