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Background/Aims: The aim of this study was to evaluate factors related to outcomes of fecal 
microbiota transplantation (FMT) in patients with Clostridioides difficile infection (CDI) and viabil-
ity of frozen stock for FMT.
Methods: Clinical data of patients who had received FMT for CDI were prospectively collected. 
Next-generation 16S rRNA gene sequencing of bacteria was performed from donors’ and re-
cipients’ stool. Colony-forming units (CFUs) of cultures from frozen stock solutions for FMT were 
measured at 0, 4, 8, 12, 24, 48 weeks after preparation of the solutions.
Results: In total, 25 FMT procedures were performed in 20 cases (14 fresh and 11 frozen FMT). 
Forty-five percent of cases involved fulminant CDI. The overall success rate was 55% after the 
1st FMT and 75% after the 2nd FMT. The success rate was significantly higher in partially treated 
CDI than in refractory CDI (100% vs 71.4%; p=0.001). In successful cases only, the decrease in 
alpha-diversity in the recipient stool microbiomes was recovered after FMT to a level similar to 
that in donor stools. There was a significant difference in the microbiome composition in pre-FMT 
recipients’ stool between successful and failed cases (p=0.001). The CFUs of frozen solution for 
FMT did not decrease for 48 weeks in both aerobic and anaerobic cultures.
Conclusions: FMT is highly effective in partially treated CDI but not in refractory CDI. The mi-
crobiome differs between failed and successful cases. Frozen stock for FMT is viable up to 48 
weeks. (Gut Liver 2021;15:61-69)

Key Words: Clostridioides difficile infection; Clostridium difficile infection; Fecal microbiota trans-
plantation

INTRODUCTION

There have been many studies on the effect of fecal mi-
crobiota transplantation (FMT) in Clostridioides (formerly 
Clostridium) difficile infection (CDI). FMT is generally 
accepted as a very effective treatment in recurrent CDI,1,2 
and is considered as a treatment option for refractory CDI. 
In recent meta-analysis, the overall clinical resolution 
rate of recurrent and refractory CDI after FMT was 92%.3 
However, the indication and protocol of FMT vary among 
studies and guidelines. In addition, there are multiple fac-
tors that can influence the outcome of FMT.

In clinical trials, CDI has been commonly classified 
as recurrent or refractory. However, in practice, there 

are patients whose disease fits a pattern intermediate be-
tween typical recurrent or refractory CDI.4 CDI-related 
symptoms usually improve after 5–7 days and 3–5 days of 
metronidazole and vancomycin treatment, respectively.5 
However, some patients initially respond to antibiotics, 
but do not show complete resolution of the symptoms. 
This phenomenon is more common in severe CDI, in 
which the bacterial load is high. In these patients, it can be 
expected that the risk of worsening of symptoms is very 
high when antibiotics are stopped after the recommended 
period. However, there has been no study which specifi-
cally focused on the effect of FMT in patients with partially 
treated CDI.

Therefore, we set out to evaluate the factors related 
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to the outcome of FMT in patients with CDI, including 
patients who showed partial response to antibiotics. In ad-
dition, because frozen FMT has been becoming more and 
more popular in Korea, we demonstrated long viability of 
frozen stock for FMT.

MATERIALS AND METHODS

1. Subjects
Consequent patients with CDI who decided to receive 

FMT were prospectively enrolled. Inclusion criteria were 
as follows: (1) patients with confirmed CDI who were at 
least 19 years old; (2) CDI was not completely resolved af-
ter appropriate antibiotics treatment; (3) patients and care-
givers did not want total colectomy, or patients were not 
eligible for surgery due to comorbidities. For patients with 
partially treated primary CDI, FMT was suggested based 
on the fact that the evidence for adjunctive or alternative 
treatments such as rifaximin and probiotics is very low,1 
and there have been some positive reports regarding FMT 
for primary CDI.6,7 Exclusion criteria were as follows: (1) 
patients for whom an appropriate stool donor could not be 
found; (2) moderate to severe immunocompromised pa-
tients; or (3) non-compensated liver cirrhosis. All subjects 
provided informed consent and the study was approved by 
the Institutional Review Board of the Seoul National Uni-
versity Bundang Hospital (IRB number: B-1507-305-006).

2. Definitions
CDI was defined when a patient showed compatible 

symptoms and signs (fever, abdominal pain, and diarrhea 
or ileus), and the toxin assay for C. difficile was positive or 
typical features of pseudomembranous colitis were found 
in colonoscopy.1,8 Because endoscopy is not prerequisite for 
diagnosis of CDI, and most patients were in poor medical 
condition, it was performed before FMT only in patients in 
whom diagnosis was uncertain by symptoms and the toxin 
assay. In remaining patients, colon was evaluated during 
FMT procedure. Severe complicated (fulminant) CDI was 
defined according to American College of Gastroenterol-
ogy guidelines.5 Response to antibiotics was evaluated 
after 3 to 5 days of treatment. In patients showing a partial 
response, the final decision was re-evaluated on 7 days. Pa-
tients who did not show complete resolution of CDI were 
classified as partially treated or refractory CDI when they 
were referred to a gastroenterologist to discuss performing 
FMT procedures. Partially treated CDI was defined when 
a patient showed improvement, but his/her condition was 
stationary, without complete resolution of CDI. Refractory 
CDI was defined when CDI was not improved or even ag-

gravated after appropriate antibiotic treatment. The deci-
sion was made based on the combination of symptoms/
signs (fever, abdominal pain/tenderness, diarrhea/ileus, 
blood pressure, and mental status) and laboratory results 
(white blood cells and C-reactive protein). Other possible 
causes such as antibiotic-associated diarrhea and irritable 
bowel syndrome were carefully examined. The primary 
endpoint was treatment success rate after receiving up 
to two FMTs without the need of antibiotics. Because a 
uniformly agreed definition is currently lacking, this was 
defined as resolution of the symptoms on clinical grounds 
on day 5 to 7 after FMT according to a consensus.9 In cases 
where the decision was difficult, follow-up endoscopy was 
adjunctively performed. The secondary endpoint was ab-
sence of symptoms within 90 days after FMT.

3. FMT procedures
We screened potential donors in personal interviews. 

We excluded subjects who had chronic diseases or subjects 
who had taken any antibiotics within 3 months. For po-
tential donors, infectious diseases were excluded by sero-
logic testing and stool tests. In recipients, antibiotics were 
stopped 12 hours before the FMT procedure and bowel 
preparation was performed. For fresh FMT, 50 to 100 g of 
donor stool was collected immediately after defecation on 
the day of the procedure. It was diluted in normal saline 
in the ratio of 1:3. Then, it was homogenized in a blender; 
large particles were removed using a filter. The final solu-
tion was evenly sprayed onto the entire surface of the recip-
ient’s colon. In patients for whom the risk of colon perfora-
tion was high, FMT solution was sprayed in the third part 
of the duodenum using esophagogastroduodenoscopy.10 
When fresh donor stool was not available, frozen FMT was 
performed. Glycerol added solution was frozen at –80°C. 
The frozen solution was thawed as described in a previous 
study,11 and it was transplanted using the same methods as 
those for fresh FMT. For non-responders, 2nd FMT was 
performed after 1 week. All endoscopic procedures were 
performed by one gastroenterologist (H.Y.).

4. Collection of stool and clinical data
Stool samples of recipients were collected the day before 

and 1 week after the FMT procedure. We compared the 
stool microbiome among donors, pre-FMT recipients, and 
post-FMT recipients in successful cases and failed cases, 
respectively. In addition, we compared the pre-FMT stool 
microbiome between successful and failed cases. Clinical 
data were collected using a standardized case report form. 
To evaluate the long-term effect of FMT, we followed up 
the recipients of successful cases.
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5. Microbiome analysis
Total DNA was extracted from stool samples, and poly-

merase chain reaction amplification for V3-V4 regions of 
the 16S rRNA gene was performed. Sequencing was car-
ried out using an Illumina MiSeq Sequencing system (Il-
lumina, San Diego, CA, USA). Basic microbiome analyses 
were conducted according to previously described proce-
dures.12-15 For analysis of the alpha-diversity, the Shannon 
diversity index at a 3% distance was calculated. For analy-
sis of the beta-diversity, the overall phylogenetic distance 
between communities was estimated and visualized using 
Jensen–Shannon-based principal coordinates analysis; 
permutational multivariate analysis of variance was used to 
evaluate the set-difference between groups.

6. Culture and colony counting of the solution for 
frozen FMT
To verify the microbial viability of the solution for 

frozen FMT, we counted colony-forming units (CFUs) 
of cultures from the frozen stocks at various time points. 
Before freezing the FMT solution, 1 mL of each solution 
was collected and refrigerated at –80°C. The viable stocks 
were thawed and serially diluted, and they were smeared 
on Brain Heart Infusion agar and Gifu Anaerobic Medium 
agar plates. The plates were incubated at 37°C in aerobic 
and anaerobic conditions for 48 hours. For the anaerobic 
condition, the plates were placed in a jar from which oxy-
gen was removed using the AnaeroPack system (Mitsubishi 
Gas Chemical, Tokyo, Japan), and cultures were incubated 
in an anaerobic chamber. The CFU was calculated at 0, 4, 8, 
12, 24, 48 weeks.

7. Statistical analysis
STATA version 16.0 was used for statistical analysis of 

the clinical data. Continuous variables were analyzed us-
ing the Mann-Whitney U test and Friedman test, because 
the data were not normally distributed. The Fisher exact 
test was used to analyze categorical variables. Results were 
considered statistically significant when p-values were less 
than 0.05.

RESULTS

1. Baseline characteristics of the recipients
Between March 2016 and October 2018, 25 FMT proce-

dures in total were performed in 20 cases (14 fresh and 11 
frozen FMT). Baseline characteristics of the recipients are 
shown in Table 1. Ninety percent of the patients was more 
than 65 years of age; the median recipient age was 78.5 
years. Seventy percent of the patients exhibited Charlson 

comorbidity index ≥3. Forty-five percent of cases was ful-
minant CDI; 20% of the patients were intubated. In 11 pa-
tients (55%), index CDI was the first episode; the median 
number of episodes was three in recurrent cases.

2. Characteristics and outcomes of FMT procedures
Table 2 shows the characteristics of FMT procedures. 

The median donor age was 46.5 years, and most donors 
(80%) were a family member of a recipient. One patient 
underwent FMT using a mixed solution from two univer-
sal donors. FMT was performed 11 days (median) after the 
diagnosis of CDI. Antegrade and retrograde approach was 
44% and 56%, respectively. Second FMT was performed in 
20% of the patients. There were no adverse events related 
to the FMT procedure.

The overall success rate was 55% after 1st FMT, and 

Table 1.Table 1. Baseline Characteristics of the Recipients

Variable Value

Male sex 10 (50)
Age, yr 78.5 (41–91)
Charlson comorbidity index  3 (0–8)
Location of patient
   General ward 13 (65)
   Intensive care unit  6 (30)
   Outpatient department 1 (5)
Intubated  4 (20)
On hemodialysis  4 (20)
Index infection before CDI
   Urinary tract infection 8 (40)
   Pneumonia 4 (20)
   Others* 2 (10)
   Prophylactic use of antibiotics 4 (20)
   None 2 (10)
Medications used to treat index CDI†

   Metronidazole, oral 3 (15)
   Metronidazole, intravenous 15 (75)
   Vancomycin, oral 18 (90)
   Vancomycin, enema 10 (50)
Indication of FMT
   Partial response to antibiotics 13 (65)
   Refractory to antibiotics  7 (35)
Event No. of CDI in recurrent cases  3 (2–5)
Endoscopic finding suitable for PMC 18 (90)
Stool frequency 2.5 (0–14)
Body temperature 37.8°C 4 (20)
White blood cells, ×103/μL 9.0 (4.1–17.4)
C-reactive protein, mg/dL  3.5 (0.4–18.3)
Albumin, g/dL 2.7 (1.9–3.9)
Creatinine, mg/dL 0.6 (0.4–6.5)

Data are presented as number (%) or median (range).
CDI, Clostridioides difficile infection; FMT, fecal microbiota transplan-
tation; PMC, pseudomembranous colitis.
*Others: 2, Tb peritonitis, cholangitis; †All medications used to treat 
CDI were independently calculated.
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75% after 2nd FMT. A comparison between successful 
and failed cases is shown in Table 3. The success rate was 
significantly higher in partially treated CDI than in refrac-
tory CDI (100% vs 71.4%; p=0.001). The interval between 
diagnosis of CDI and 1st FMT procedure was significantly 
shorter in failed cases than in successful cases (median, 8 
days vs 15 days; p=0.044). Other factors related to the FMT 
procedures, such as route (antegrade vs retrograde) and 
method (fresh vs frozen), did not affect the outcome of 
FMT.

Among five patients who failed FMT, one patient was 
given oral vancomycin due to continuous abdominal pain, 
after which the symptom was resolved. Another patient 
underwent total colectomy and recovered. The other 
three patients expired. The causes of death were septic 
shock, progression of pulmonary thromboembolism, and 
recurred stroke. The median follow-up period of the 15 
successful cases was 8 months. CDI recurred in one patient 
(6.7%) within 90 days. Two patients expired due to reasons 
irrelevant to CDI (progression of esophageal cancer and 
congestive heart failure). There was no recurrence of CDI 
in the remaining patients.

3. �Composition of the stool microbiome and follow-
up culture of frozen solution for FMT
A total of 55 stool samples were analyzed; two and three 

samples were missing in the collection of donors and post-
FMT recipients, respectively. In successful cases, the pro-
portion of Firmicutes plus Bacteroidetes was 84.5%, 43.3%, 
and 56.4% in donor, pre-FMT recipient, and post-FMT 

recipient stools, respectively (Fig. 1A). The proportion of 
Proteobacteria plus Fusobacteria was 7.6%, 55.4%, and 
37.6% in donor, pre-FMT recipient, and post-FMT recipi-
ent stools, respectively. The decrease in alpha-diversity in 
the recipient stool microbiomes was recovered after FMT 
to a level similar to that in donor stools (Fig. 1B). There 
was a significant difference in the microbiome compo-
sition among the three groups (p=0.001). In pair-wise 
comparisons, each group was significantly different from 
the other groups (all three p<0.05). Principal coordinates 
analysis suggested that the microbiome composition of 
post-FMT recipients was positioned between those of pre-
FMT recipients and donors (Fig. 1C). In failed cases, the 
proportion of Firmicutes plus Bacteroidetes was 89.6%, 
33.0%, and 37.6% in donor, pre-FMT recipient, and post-
FMT recipient stools, respectively (Fig. 2A). The propor-
tion of Proteobacteria plus Fusobacteria was <1%, 66.0%, 
and 60.0% in donor, pre-FMT recipient, and post-FMT 
recipient stools, respectively. The stool microbiomes of 
donors were significantly different from those of pre- and 
post-FMT recipients in both alpha- and beta-diversity, but 
there was no difference between pre- and post-FMT recipi-
ents (Fig. 2B and C). We identified a significant difference 
in the microbiome composition of pre-FMT stool between 
successful and failed cases (p=0.001). There was no dif-
ference in the microbiome composition of donor stools 
between successful and failed cases (p=1.0).

CFUs of viable stocks from stools used for frozen FMT 
in aerobic and anaerobic cultures are shown in Fig. 3, re-
spectively. The CFUs of viable stocks did not decrease for 

Table 2.Table 2. Characteristics of FMT Procedures

Variable Value

Sex of donor (male) 12 (60)
Age of donor, yr 46.5 (20–66)
Relationship of donor with recipient
   Family member 16 (80)
   Acquaintance 3 (15)
   Universal multi-donor 1 (5)
Interval between diagnosis of CDI and 1st FMT, day 11 (2–35)
Type of FMT
   Fresh 13 (65)
   Frozen 7 (35)
Route of FMT*
   Antegrade 11 (44)
   Retrograde 14 (56)
Volume of donor stool, g* 100 (17–350)
2nd FMT† 5 (25)

Data are presented as number (%) or median (range).
FMT, fecal microbiota transplantation; CDI, Clostridioides difficile in-
fection.
*Calculated based on 25 procedures in 20 recipients; †The second 
FMT was successful in four recipients.

Table 3.Table 3. Comparison of Recipient and Procedural Characteristics Ac-
cording to the Outcome of FMT

Variable Success Failure p-value

Male sex 7 (46.7) 3 (60.0) 1.0
Old age (≥65 yr) 13 (86.7) 5 (100) 1.0
Charlson comorbidity index ≥3 9 (60.0) 5 (100) 0.260
Fulminant CDI 5 (33.3) 4 (80.0) 0.127
Indication of FMT 0.001
   Partial response to antibiotics 13 (86.7) 0
   Refractory to antibiotics 2 (13.3) 5 (100)
Interval between CDI and FMT, median, day 15 8 0.044
Type of FMT 1.0
   Fresh 10 (66.7) 3 (60.0)
   Frozen 5 (33.3) 2 (40.0)
Route of FMT 0.617
   Antegrade 6 (40.0) 3 (60.0)
   Retrograde 9 (60.0) 2 (40.0)
Age of donor, mean, yr 45 47 0.793
Volume of donor stool ≥100 g 10 (66.7) 3 (60.0) 1.0

Data are presented as number (%).
FMT, fecal microbiota transplantation; CDI, Clostridioides difficile in-
fection.
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48 weeks in both aerobic and anaerobic cultures (p=0.929 
and p=0.466, respectively).

DISCUSSION

The success rate of FMT in the present study, 55% after 
1st FMT and 75% after 2nd FMT, seems to be disappoint-
ing compared to that in previous studies.3 However, pa-
tients with partially treated CDI showed excellent respons-
es to FMT, regardless of other factors. The success rate in 
these patients was 100%. Previous studies have performed 
FMT in patients who showed recurrent symptoms during 
or after vancomycin tapering therapy.16,17 In contrast, the 
patients with partially treated CDI in our study received 
FMT because they did not reach complete resolution of 
symptoms.

The most appropriate timing for FMT following anti-
biotic treatment in CDI is uncertain. Guidelines simply 
recommend that patients with recurrent CDI should be 
treated with vancomycin for at least 3 days before FMT.4,9 
In some clinical trials, FMT was performed after 3 to 5 
days of antibiotics.18,19 However, in daily practice, especially 
in institutions without a stool bank, it is very difficult to 
perform fresh FMT in this early phase of disease. It takes 
several days to recruit volunteers, screen potential donors, 
and collect donor stool. Often, it is impossible to obtain 
fresh stool on the day of scheduled FMT. In some cases, 
treatment is started with oral metronidazole, which is re-
placed with oral vancomycin when there is no response 
in several days. Other studies have performed FMT after 
resolution of the symptoms following a full course of an-
tibiotics.17,20 However, in some patients, symptoms are not 
completely resolved after appropriate antibiotic treatment. 
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The results of this study suggest that FMT is a very good 
option for partially treated CDI patients. 

The patients enrolled in this study had many disad-
vantages to achieve a successful outcome of FMT. As for 
recipient-related factors, the patients were advanced age 
(median age, 78.5 years) and serum albumin levels were 
very low (median, 2.7 g/dL). These are well-known predic-
tive factors for poor outcome of FMT.21 The median value 
of the Charlson comorbidity index was three. The outcome 
of FMT in patients with multiple comorbidities is poor.20 
Moreover, the burden of C. difficile was heavy; 45% was 
fulminant CDI and pseudomembranous colitis was found 
in the endoscopy in 90% of patients. Although the success 
rate of FMT in fulminant CDI (55.6%, 5/9) was lower than 
those from previous studies (66% to 88%),22,23 the success 
rate in patients with fulminant CDI which showed partial 
response to antibiotics was 100% (4/4). Our study suggests 
that despite other unfavorable factors, the outcome of FMT 
is very good in patients with partially treated CDI. Notably, 
in patients with fulminant CDI who were intubated, when 
the patients showed partial response to antibiotics, FMT 
was performed in the late stage and resulted in a good out-
come.

In contrast, donor- or FMT procedure-related factors 
did not affect the outcome of FMT. As suggested in a pre-
vious study,4 sex, age, and relationship of the donor were 
not important factors. Comparison of the donor stool mi-
crobiomes between successful and failed cases supported 
this. Procedure-related factors were also not crucial. Except 
the indication of FMT, the only other factor that differed 
between successful and failed cases was the time interval 
between diagnosis of CDI and the FMT procedure. As 
multivariate analysis was not appropriate because of the 
small sample size, we instead evaluated the correlation be-
tween this factor and the indication of FMT. The interval 
between diagnosis of CDI and FMT procedure in partially 
treated CDI was significantly longer than that in refractory 
CDI (median, 17 days vs 8 days; p=0.010). To conclude 
that FMT failure was due to the antibiotic treatment dura-
tion being less than 2 weeks is clinically irrational, and it 
is not supported by previous studies. Therefore, we reason 
that the interval between diagnosis of CDI and FMT pro-
cedure acted as confounder.

For refractory CDI that did not show any response to 
1-week antibiotic treatment, the outcome of FMT was 
poor. This result supports that FMT can be considered in 
refractory CDI, but it does not provide a certain solution. 
The outcome of failed cases was grave; 60% of the patients 
expired. We should consider that the patients enrolled 
were generally a very high-risk population. Nevertheless, 
given these grave results, we suggest discussing other op-

tions, such as surgery or new antibiotics (e.g., fidaxomicin) 
in refractory CDI.1,24 In contrast, CDI recurred in only 6.7% 
of the successful cases. This suggests that irrespective of 
the indication of FMT, if it succeeds to resolution of CDI, 
the effect lasts for a certain period.

In successful cases, the decrease in alpha-diversity in 
recipient stool microbiomes was recovered after FMT to a 
level similar to that in the donor stools. The proportion of 
Firmicutes and Bacteroidetes, which are the main two phy-
la in the healthy human gut, increased after FMT. In con-
trast, the proportion of Proteobacteria and Fusobacteria, 
which are commonly dominant in unhealthy colonic con-
ditions, decreased. The microbial composition of recipient 
stools was shifted towards that of donor stools that after 
FMT. These phenomena were not observed in failed cases. 
These results are in good agreement with those in previous 
studies.25,26 In addition, there was a significant difference 
in the microbiome composition of pre-FMT stool between 
successful and failed cases. This implies that the composi-
tion of the stool microbiome might predict the outcome of 
FMT in patients with CDI. Further studies are required to 
evaluate this possibility.

A guideline recommends that frozen solution for FMT 
can be used for up to 6 months after preparation, based 
on a study that reported that viable aerobic and anaerobic 
bacterial counts did not decrease for 6 months in frozen 
stool.27 However, some institutes use longer storage periods 
of up to 2 years.28 In our study, outcomes did not differ 
when using fresh or frozen FMT. The viability of the fro-
zen solution in both aerobe and anaerobe cultures did not 
decrease for up to 48 weeks after preparation of the solu-
tion. These results provide evidence that frozen solution 
can indeed be stored for a long time.

Our study had several strengths. First, we included CDI 
patients in the gray area in the aspect of response to antibi-
otic treatment. As these patients form a large population in 
clinical practice, the evidence supporting FMT for partially 
treated patients provided in this study is very relevant. 
Second, we prospectively collected data on various factors 
that could influence the outcome of FMT; very few stud-
ies have reported results of FMT considering the Charlson 
comorbidity index. In addition, we performed microbiome 
analysis of donors and recipients. Third, all decisions were 
taken and FMT procedures performed by one physician. 
This reduced bias related to the FMT procedure. However, 
our study also had limitations. First, there is a possibility 
that we missed a meaningful factor affecting the outcome 
of FMT due to insufficient statistical power stemming 
from the small sample size. Second, we could not analyze 
metabolites in the stools. Therefore, we could not examine 
the recent hypothesis that bile acid and bile salt hydrolase-
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producing bacteria are related to the pathogenesis of CDI.29

In conclusion, FMT is highly effective in partially 
treated CDI, with good short-term resolution of symptoms 
and long-term prevention of CDI recurrence. However, it 
should be considered prudently in refractory CDI because 
the outcome is not as excellent as in partially treated CDI.
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