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Background: Antibiotic treatment of Clostridium difficile 
infection (CDI) has a high failure rate. Fecal microbiota trans- 
plantation (FMT) has proven very effective in treating these 
recurrences. 
Objectives: To determine which method of fecal microbiota 
transplantation (upper or lower gastrointestinal) and which 
type of donor (a relative or unrelated) is superior.
Methods: This is a retrospective analysis of treatment proto- 
cols and outcomes in 22 patients with refractory or recurrent 
CDI who underwent FMT at two Israeli facilities. Each center 
used a different donor type, stool preparation and method of 
delivery. The Tel Aviv Sourasky Medical Center used unrelat- 
ed fecal donors and frozen stool samples and delivered 
them primarily (92%) via the lower gastrointestinal (GI) 
tract. Shaare Zedek Medical Center used fresh donor stool of 
relatives and delivered them primarily (90%) via the upper 
GI tract.
Results: FMT had an overall 2 month cure rate of 89%. 
Patients treated with FMT that was executed through the 
lower GI tract recovered faster from the infection (1.6 ± 1.08 
vs. 2.4 ± 1 days for the upper tract, P = 0.03). The results 
also showed that patients who received lower GI tract FMTs 
were more likely to be cured of CDI (100% vs. 75% for upper 
tract FMTs, P = 0.16). Five patients (22%) died of CDI/FMT-
unrelated causes and two (10%) died of CDI/FMT-related 
causes during the study period.
Conclusions: Lower GI tract FMT is a safe and effective 
treatment for refractory and recurrent CDI, and yields quicker 
results than upper GI tract FMT. 
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a ntibiotic-associated diarrhea caused by Clostridium dif-
ficile is the most common cause of hospital-acquired 

diarrhea. Since 2000 there has been a significant increase in 
the incidence and severity of health care-associated C. diffi-
cile infection (CDI) worldwide, particularly in patients over 
65 years of age [1]. This increase is largely attributed to the 
widespread use of antibiotics, which raise the risk of CDI by 
eight- to tenfold during use and for one month afterwards 
[2]. Current treatment regimens are primarily based on 
antibiotic therapy [3], but up to 20% of patients will suffer 
from CDI recurrence after treatment of an initial episode and 
40–65% after treatment of a second episode [4]. New therapies 
are being sought for the treatment of CDI as a result of this 
significant failure rate and its associated burden on both the 
patient and the health care system. 

Fecal microbiota transplantation (FMT) has been shown 
to have an 80–95% success rate with long-term durability in 
numerous well-conducted studies [5-7]. It was also found to 
be highly acceptable among patients and their families [5]. 
The aims of the current study were to assess the success rate 
and side effects of FMT for CDI in two Israeli medical centers 
– Tel Aviv Sourasky Medical Center in Tel Aviv, and Shaare 
Zedek Medical Center in Jerusalem – and evaluate whether 
two different protocols for donor selection, FMT preparation 
and routes of FMT administration yielded different results.

paTIenTs and MeThods
We performed a retrospective analysis of the data and out-
comes in patients with recurrent or refractory CDI who were 
treated with FMT at the two centers from July 2013 through 
August 2015. Written consent was obtained from the patients 
or their surrogates before FMT. The study was approved by 
the ethics committees of both medical centers. Patients were 
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followed routinely at 48 hours, 2 months and 6 months after 
the procedure for assessment of side effects and treatment 
outcome at the Bacteriotherapy Clinic of the Department of 
Gastroenterology and Liver Diseases at both medical centers. 

deFInITIons
CDI was defined as the presence of ≥ 3 unformed stools 
per day for at least 2 days and a positive test for toxigenic 
Clostridium difficile [8]. Recurrent CDI was defined as 
another episode of CDI within 8 weeks of the previous 
one [8]. FMT was performed after the third recurrence. 
Refractory CDI was defined as disease that did not respond 
to medical therapy. We defined the initial response to FMT 
(assessed within one week post-procedure) as a decrease in 
the number of bowel movements to < 3 unformed stools/
day. A cure associated with FMT was defined as no recur-
rence of CDI-related diarrhea within a 2 month period post-
transplantation [9,10]. 

reCIpIenTs
All the patients who were treated with FMT for refractory 
or recurrent CDI in both centers were included in the study. 
Their clinical data were obtained from digital medical records 
and included epidemiologic information, risk factors for CDI, 
Charlson Co-morbidity Index [11], and information on symp-
toms and disease recurrence post-FMT for up to 6 months.

donor seleCTIon 
The preferred Tel Aviv Sourasky donors were healthy individ-
uals unrelated to the patient and who had not been recently 
exposed to health care facilities. If such donors were not 
available, a healthy relative or friend with no history of intes-
tinal disease or usage of antibiotics within the 6 months prior 
to donation was selected. Donors were excluded if they had 
been or were currently at high risk of a transmissible infec-
tious disease (similar to blood donors). Most of the Shaare 
Zedek donors (90%) were healthy relatives who fulfilled the 
same criteria. Those donors underwent blood and stool tests 
to exclude undiagnosed metabolic, hematologic, infectious 
and inflammatory/immune diseases [12].

donor sTool preparaTIon
Donor stool was delivered to the institution within a few 
hours of evacuation in a clean, closed, plastic container. Stool 
was immediately diluted with sterile saline (NaCl 0.9%) and 
blended into a homogenous liquid. The liquid was then fil-
tered to remove particulate matter. The stool dosage was 60 
g at Sourasky, and ranged between 35 and 75 g (depending 
on the amount provided by the donor) at Shaare Zedek. Stool 
donations were processed and kept frozen at -80ºC until use 
at Sourasky, while fresh donor stool was delivered to Shaare 
Zedek on the day of FMT for processing and transplantation. 

FeCal MICroBIoTa TransplanTaTIon proCedure
•	 Patient	preparation.	If the transplantation was performed 

via colonoscopy, the patients received oral bowel prepara-
tion (3 L of a polyethylene glycol with electrolytes solution) 
before the procedure and all antibiotics were discontinued 
for at least 12 hours prior to the procedure. They received 
loperamide on the morning of the procedure to promote 
retention of the FMT. Patients whose transplantation was 
performed via the upper GI received a dose of proton pump 
inhibitor the evening before and on the morning of the 
procedure, and metoclopramide was administered prior to 
the procedure to prevent nausea and vomiting of the fecal 
transplant matter.

•	 Fecal	transplantation.	At Sourasky, the frozen stool dona-
tion was thawed at 4ºC and a 250 ml portion was instilled 
via colonoscopy or gastroscopy into the recipient’s ileoce-
cum or distal duodenum, respectively. In the colonoscopy 
procedure, 200 ml of the fecal transplant solution was 
instilled in the cecum or terminal ileum and 50 ml was 
distributed along the colon. At Shaare Zedek, the quantity 
of preparation varied since saline was added gradually to 
the stool until the desired consistency for the transplant was 
obtained. Patients who underwent FMT via the upper GI 
tract (either by direct instillation through the scope into the 
distal duodenum or through a nasoduodenal tube placed 
under direct endoscopic vision) were administered 100–300 
ml of stool solution. Those who underwent FMT via the 
lower GI tract were administered up to 500 ml of stool 
solution that was distributed evenly, starting at the terminal 
ileum and continuing down to the sigmoid colon. 

sTaTIsTICal analysIs
Continuous variables were analyzed using a two-sided t-test 
and the non-parametric Mann-Whitney test, as appropriate. 
The chi-square test was used to explore categorical variables. 
Kaplan-Meier estimates were used to assess time to response 
to FMT, and the difference in response between the two groups 
was compared using the log rank test (SPSS® Statistics software 
version 19). A P value < 0.05 was considered significant for all 
analyses.

resulTs
FMT was performed on 22 patients with recurrent or refrac-
tory CDI at the two tertiary medical centers during the study 
period. Twelve patients from the Tel Aviv Sourasky Medical 
Center and 10 patients from Shaare Zedek Medical Center 
were included in this study. Patient demographics, epide-
miological data and risk factors for CDI are listed in Table 1.

Most of the patients (n=16, 73%) presented with mild-to-
moderate disease and the rest were diagnosed with severe 
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a colonoscopy responded in a mean of 1.6 ± 1.08 days com-
pared to patients who underwent FMT via the upper GI who 
responded in a mean of 2.4 ± 1 days (P = 0.03) [Table 2]. The 
Kaplan-Meier estimates also showed a significant difference in 
response rates between the two groups (P = 0.02) [Figure 1].

At 2 months post-procedure, three patients had died 
of causes unrelated to FMT or CDI [Table 2], and 17 of the 
remaining 19 patients (89%) had been cured of CDI. One 
patient did not respond to FMT and one patient had a severe 
complication consisting of aspiration of fecal transplant matter 
during the procedure as detailed below. At 6 months post-FMT, 
10 patients remained asymptomatic, and another 2 patients 

disease as determined by a leukocyte count > 15,000 cells/
ul and/or a serum creatinine level ≥ 1.5 times the premorbid 
level. Ten patients (45%), mostly those who received FMT via 
colonoscopy, were treated on an outpatient basis. 

Twelve patients (55%) were transplanted via the lower GI 
(colonoscopy) and 10 via the upper GI (gastroscopy, nasogas-
tric/jejunostomy tube) or via an existing percutaneous endo-
scopic gastrostomy tube. Thirteen patients (59%) received the 
FMT material from an unrelated donor. Eleven patients (92%) 
who underwent FMT via the lower GI route received the stool 
donation from an unrelated relative as did 2 patients (20%) in 
the upper GI group. The general characteristics of the patients in 
the upper and lower GI FMT groups were very similar [Table 1].

response To TreaTMenT and sIde eFFeCTs
An initial response to FMT was observed within 5 days of the 
procedure in 19 patients (86%). Among the patients who did not 
initially respond, two experienced an improvement manifested 
as a decrease in more than 50% of their bowel movements, but 
still more than three bowel movements per day. Both of these 
patients were cured of CDI by the 2 month follow-up. One 
patient did not initially respond to FMT and was diagnosed 
as having intractable CDI. Patients who underwent FMT via 

Table 1. Study population characteristics according to FMT delivery route

Method of FMT

upper gI lower gI overall p value

Patients, no. (% of total) 10 (45) 12 (55) 22 (100)  

Male gender, no. (%) 8 (80) 5 (42) 13 (59) 0.1

Age, median (range) 73.3 (16–92) 70 (18–89) 71.5 (16–92) 0.74

Expected survival at 1 year  
(Charlson Co-Morbidity Index)

75 ± 9 91 ± 8 77.8 ± 8.5 0.52

Hospitalization in past 3 months, no. (%) 8 (80) 6 (50) 14 (64) 0.2

Use of antibiotics in past 3 months, no. (%) 6 (60) 6 (50) 12 (55) 0.69

PPI usage, no. (%) 4 (40) 7 (58) 11 (50) 0.67

Chemotherapy, no. (%) 0 2 (17) 2 (9) 0.48

Inflammatory bowel disease, no. (%) 0 1 (8) 1 (5) NS

Previous episodes of CDI, median (range) 2 (0–5) 1.2 (0–4) 1.6 (0–5) 0.23

previous CdI treatments
Metronidazole, no. (%)

Vancomycin, no. (%) 

Combination antibiotics (metronidazole + 
vancomycin), no. (%) 

9 (90)

10 (100)

7 (70)

10 (83)

12 (100)

6 (50)

19 (86)

22 (100)

13 (59)

n/s

n/s

0.41

CdI characteristics at time of FMT
Severe disease, no. (%) 

Refractory, no. (%) 

Recurrent, no. (%) 

Treated as outpatient, no. (%) 

 

4 (40)

3 (30)

7 (70)

3 (30)

 

2 (17)

6 (50)

6 (50)

7 (58)

 

6 (27)

9 (41)

13 (59)

10 (45)

 

0.35

0.41

0.41

0.23

FMT = fecal microbiota transplantation, GI = gastrointestinal tract, PPI = proton pump inhibitors,  
CDI = Clostridium difficile infection, NS = not significant

Table 2. FMT outcome and patients' follow-up

Method of FMT

upper gI lower gI overall p value

No. of patients 10 12 22  

Response within 7 days, no. (%) 9 (90) 10 (83) 19 (86) NS

Days to response, median (range) 2.4 (0–5) 1.6 (0–3) 2 (0–5) 0.03

No. of patients at 2 months 
follow-up 

7 11 18  

Cure at 2 months, no. (%) 5 (71) 11 (100) 16 (88) 0.16

No. of patients at 6 month 
follow-up 

7 5 12  

Cure at 6 months, no. (%) 5 (71) 5 (100) 10 (83) 0.45

Total deaths, no. (%) 5 (50) 2 (17) 7 (32) 0.17

 CDI/FMT unrelated 3 (60) 2 (100) 5 (23) NS

 CDI related 1 (20) 0 (0) 1 (5) NS

 FMT related 1 (20) 0 (0) 1 (5) NS

No. of adverse events (%) 2 (20) 4 (33) 6 (27) 0.6

FMT = fecal microbiota transplantation, GI = gastrointestinal tract, PPI = proton 
pump inhibitors, CDI = Clostridium difficile infection, NS = not significant

Figure 1. Kaplan-Meier estimates of patient response to FMT for the 
two groups of patients. Response rates were significantly different 
between the groups (P = 0.02 using the log rank test) with patients 
receiving FMT via lower GI showing a more rapid response
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2], representing a response rate similar to that reported in 
previous studies [5-7]. One patient did not respond to FMT 
and died of severe colitis. Side effects were mostly transient 
and minimal, although one patient’s course was complicated 
by aspiration of the fecal matter and he eventually died as a 
result of severe complications [Table 3].

These procedures were performed at two tertiary hospitals 
in Israel that followed two different protocols. FMT was per-
formed at Tel Aviv Sourasky Medical Center with stool donated 
by unrelated healthy donors. This stool was processed and kept 
frozen (at -80°C) in the hospital’s stool bank. Eleven patients 
(92%) underwent FMT via colonoscopy and one patient, who 
was post-total colectomy, underwent FMT via gastroscopy. 
The FMT procedure was performed at Shaare Zedek Medical 
Center with fresh stool donated by a healthy relative on the 
day of the procedure, and was performed via the upper GI in 
9 of the 10 patients (90%). One systematic review [13] that 
compared various delivery methods found an 89% success rate 
for the colonoscopy route and a 75% success rate for nasoduo-
denal transplantation. Our study showed similar results, with a 
100% success rate for colonoscopic FMT delivery versus a 75% 
success rate for upper GI delivery (P = 0.16). Possible reasons 
for the trend towards better outcome after FMT through the 
lower GI tract in the current study include the following: 
•	 Patients who received upper GI FMT were generally sicker: 

their Charlson Co-morbidity Index at 1 year predicted a 
75% survival rate as compared to 91% among patients who 
received a lower GI FMT

•	 Fecal transplant directly to the disease-affected areas 
reaches the entire colon and terminal ileum (which may be 
involved in CDI) [14], without exposure of the microbiota 
to the hostile environment of the upper GI tract, potentially 
compromising the number and viability of the microbiota

•	 92% of patients who underwent a lower GI FMT received 
stool from unrelated donors compared to 20% who under-
went an upper GI FMT. A study by Hamilton et al. [15] 

had died from causes unrelated to CDI/FMT. The five remain-
ing patients who have not yet reached the 6 month follow-up 
point are symptom free. There were no recurrent CDI episodes 
among any of the patients who had a therapeutic response to 
FMT at the time of writing this report.

saFeTy and adverse evenTs
Six patients (27%) experienced adverse events. Of these, five 
patients experienced minor and transient constipation and 
abdominal discomfort. One patient suffered from aspiration of 
the fecal transplant: he was severely ill and was hospitalized in 
the intensive care unit (ICU) due to fulminant CDI. He suffered 
from an extremely distended colon and markedly raised intra-
abdominal pressures. The FMT was performed via gastroscopy 
in the ICU, and 300 ml of fecal transplant was instilled into the 
small intestine (in keeping with the amount instilled in other 
patients in this series). At the end of the FMT procedure, there 
was an entero-oral reflux of the transplant material compli-
cated by aspiration into the airways. Immediate endotracheal 
intubation was performed with deep airway suction, and he 
was successfully weaned off mechanical ventilation in the ICU 
3 days later. This patient’s diarrhea ceased and a repeat toxin 
assay measured 7 days post-FMT was negative. However, the 
patient suddenly deteriorated and died during replacement of 
his central line, presumably from a pulmonary embolism or 
gram-negative sepsis cultured from his central line during his 
ICU admission. An additional patient did not respond to FMT 
and died of severe colitis. Five patients died of causes that were 
unrelated to CDI or FMT [Table 3]. 

dIsCussIon
This study summarizes the results and side effects of FMT in 
22 patients with recurrent or refractory CDI. FMT was dem-
onstrated as being a very effective treatment for CDI, with 17 
of 19 patients (89%) achieving a cure after 2 months [Table 

Table 3. Patient mortality during the study period

age
(years) gender Cause of death

Timing post-FMT 
(days)

expected survival  
at 1 year (%)*

response  
to FMT

route of FMT 
administration

dept. of hospitalization  
before FMT

87 F CDI colitis 52 79 ± 9 No Gastroscopy Intensive care ward

86 M Chronic respiratory insufficiency 40 64 ± 11 Yes Gastroscopy Intensive care ward

89 M Complications of hemodialysis 30 64 ± 11 Yes Gastroscopy Home

92 M Pneumonia 25 64 ± 11 Yes Gastroscopy Normal ward

71 M Line sepsis post-fecal transplant aspiration 10 64 ± 11 Yes Gastroscopy Intensive care  ward

84 M Died at home, cause unknown+ 87 79 ± 9 Yes Colonoscopy Normal ward

87 M Pneumonia/Pseudomonas sepsis 9 64 ± 11 Yes Colonoscopy Intensive care ward

*According to Charlson Co-Morbidity Index 
+This patient died at home, cause unknown but unrelated to CDI/FMT
FMT = fecal microbiota transplantation, F = female, M = male, CDI = Clostridium difficile infection



Original articles

598 

IMAJ • VOL 18 • OctOber 2016

FMT aspiration leading to death has been previously reported 
by others [18]. In order to diminish chances of aspiration in 
upper GI FMT, fluid instillation should be performed distal 
to the pylorus, in a slow manner and in lower volumes [19]. 
Further studies are required to better define patient selection, 
which may reduce the mortality noted in the study.

Overall, this study supports administration of the transplant 
via the lower GI and the use of readily available samples from 
previously screened donors as the preferred method of FMT. If 
these conditions are not available, other methods, such as using 
stool from related donors and/or administration of the trans-
plant via the upper GI tract, are safe and effective alternatives. 
FMT has been demonstrated to be the most effective treatment 
available for CDI and one that can be easily performed on an 
outpatient basis, as seen in this study. These successes should 
prompt the examination of FMT effectiveness in treating pri-
mary CDI, which may ease the burden on both the patient and 
the health care system in the long run [20]. 
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Complex interactions between the host and the gut microbiota 
govern intestinal homeostasis but remain poorly understood. 
Lamas and co-authors reveal a relationship between gut 
microbiota and caspase recruitment domain family member 
9 (CARD9), a susceptibility gene for inflammatory bowel 
disease (IBD) that functions in the immune response against 
microorganisms. CARD9 promotes recovery from colitis by 
promoting interleukin (IL)-22 production, and Card9 −/− mice are 
more susceptible to colitis. The microbiota is altered in Card9 −/− 
mice, and transfer of the microbiota from Card9 −/− to wild-type, 
germ-free recipients increases their susceptibility to colitis. The 
microbiota from Card9 −/− mice fails to metabolize tryptophan 

into metabolites that act as aryl hydrocarbon receptor (AHR) 
ligands. Intestinal inflammation is attenuated after inocula- 
tion of mice with three Lactobacillus strains capable of meta- 
bolizing tryptophan or by treatment with an AHR agonist. 
Reduced production of AHR ligands is also observed in the 
microbiota from individuals with IBD, particularly in those with 
CARD9 risk alleles associated with IBD. These findings reveal 
that host genes affect the composition and function of the gut 
microbiota, altering the production of microbial metabolites 
and intestinal inflammation. 
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Capsule
CARD9 impacts colitis by altering gut microbiota metabolism of tryptophan into aryl 
hydrocarbon receptor ligands

The vitamin D receptor (VDR) is a ligand-activated transcription 
factor that regulates gene expression in many cell types, 
including immune cells. It requires binding of 1,25 dihydroxy 
vitamin D3 (1,25D3) for activation. Many autoimmune diseases 
show latitude-dependent prevalence and/or association with  
vitamin D deficiency, and vitamin D supplementation is common- 
ly used in their clinical management. 1,25D3 is regulated 
by genes associated with the risk of autoimmune diseases 
and predominantly expressed in myeloid cells. Booth et al. 
determined the VDR cistrome in monocytes and monocyte-
derived inflammatory (DC1) and tolerogenic dendritic cells 
(DC2). VDR motifs were highly over-represented in ChIP-Seq 
peaks in stimulated monocyte (40%), DC1 (21%) and DC2 

(47%), P<E−100 for all. of the nearly 11 000 VDR-binding peaks 
identified across the genome in DC1s, 1317 were shared with 
DC2s (91% of DC2 sites) and 1579 with monocytes (83% of 
monocyte sites). Latitude-dependent autoimmune disease 
risk polymorphisms were highly over-represented within 5 kb 
of the peaks. Several transcription factor recognition motifs 
were highly over-represented in the peaks, including those 
for the autoimmune risk gene, BATF. This evidence indicates 
that VDR regulates hundreds of myeloid cell genes and that 
the molecular pathways controlled by VDR in these cells are 
important in maintaining tolerance. 
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Capsule
Cistromic and genetic evidence that the vitamin D receptor mediates susceptibility to latitude-
dependent autoimmune diseases

“In three words I can sum up everything I’ve learned about life: it goes on”
Robert Frost (1874-1963), American poet, highly regarded for his realistic depictions of rural life in New England in the early  

twentieth century, using them to examine complex social and philosophical themes. Frost was honored  
frequently during his lifetime, receiving four Pulitzer Prizes for Poetry




