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ABSTRACT 

 

Effects of fecal microbiota transplantation for decolonizing 

multidrug-resistant organism 

 

Hye Seong 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Jun Yong Choi) 

 

Background: Increasing prevalence of multidrug-resistant microorganisms 

(MDRO) results in poor clinical outcomes, more prolonged hospitalizations, and 

higher healthcare costs for patients with MDRO. While colonization with MDRO 

does not mean to infection, it is likely to lead infections to vulnerable patients. 

Currently, however, decolonization strategies for MDRO are lacking. The 

purpose of this study was to prove the efficacy of fecal microbiota transplantation 

(FMT) on decolonization of carbapenemase-producing Enterobacteriaceae (CPE) 

and vancomycin-resistant enterococci (VRE) carriers. 
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Methods: This study was a prospective, open-label, uncontrolled, single-center 

pilot study of FMT for 35 Korean patients with digestive tract colonization with 

CPE, VRE, or CPE/VRE between March 2018 and January 2020. Fecal 

microbiota solution obtained from healthy unrelated donors was infused to the 

recipient's gut via colonoscopy, duodenoscopy, percutaneous jejunostomy tube, 

or anti-acid capsule. Fecal samples from recipients were collected until one year 

after FMT. We compared the characteristics of subjects who succeed in 

decolonization during the study period (responders) with subjects who failed to 

decolonize MDRO by FMT (non-responders). The non-FMT group was also 

settled to compare the efficacy of FMT. Furthermore, microbiome analyses 

were performed to investigate the influence of microbial characteristics of 

recipients on the outcome of FMT.  

 

Results: Decolonization was achieved in 24(68.6%) patients while 11(31.4%) 

patients have remained as non-responders. Among three MDRO, CPE was the 

most responsive type to FMT. In adjusted multivariate analysis, MDRO types 

were significant independent factors associated to time to decolonization in both 

FMT plus non-FMT group [hazard ratio (HR), 1.000; reference in VRE vs. HR 

6.910; 95% confidence interval (CI), 2.323-20.506; p<0.001 in CPE and HR, 

2.313;95% CI, 0.978-5.472; p=0.056 in CPE/VRE (reference: VRE group)] and 

FMT group (HR, 1.000; reference in VRE vs HR, 11.146; 95% CI, 2.420-51.340; 
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p=0.002 in CPE vs. HR, 2.948; 95% CI, 1.200-7.246; p=0.018 in CPE/VRE). 

Compare to non-FMT group, FMT group presented significantly shorter median 

decolonization time (42 days vs. 205 days, p=0.007 by log rank test).  

Gut microbiome of responders showed significantly higher richness and diversity 

than non-responders. Beta diversity showed significant difference in the inter-set 

distances among donor, responder, and non-responder groups. Verrucomicrobia 

and Proteobacteria composition increased in the order of donors, responders, and 

non-responders. preFMT-NR. Species Clostridium ramosum, genus Anaerostipes, 

and Eisenbergiella could be the potential taxonomic biomarkers and KEGG 

ortholog named K02017, a molybdate transport system ATP-binding protein 

could effect as a functional biomarker in VRE clearance. 

 

Conclusion: FMT is an effective way to decolonize CPE, CPE/VRE, and VRE 

by restoration of the gut microbiome.  

                                                                                    

Key words: fecal microbiota transplantation, carbapenemase-producing 

Enterobacteriaceae, vancomycin-resistant enterococci, disease eradication, gut 

microbiome 
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Effects of fecal microbiota transplantation for decolonizing 

multidrug-resistant organism 

 

Hye Seong 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Jun Yong Choi) 

 

 

I. INTRODUCTION 

 

An increasing number of multidrug-resistant microorganisms (MDRO) 

is one of the most important medical challenges nowadays.1 It is rising drug 

resistance results in increasing treatment failures, infection relapses, more 

prolonged hospitalizations, and poor clinical outcomes. In addition, treatment 

options for multidrug-resistance (MDR) bacterial infections are becoming limited 

and often less effective even if the more toxic antibiotics are used. While 

colonization with MDR organisms does not mean to infection, it is likely to lead 
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infections to vulnerable patients. Because MDR rates are steadily increasing 

worldwide, we need new approaches to non-FMT colonization. Currently, 

however, decolonization strategies are lacking.  

Microbial communities populate all surfaces of the human body, but the 

primary reservoir of MDR bacterial colonization and persistence is the 

intestine.2,3 Since the past few years, It has been reported that alterations in the 

gut microbiota4,5 are linked to various diseases; constipation, irritable bowel 

syndromes (IBS), inflammatory bowel diseases (IBD), neurological diseases, 

cardiovascular diseases, obesity, the metabolic syndrome, autoimmunity, asthma, 

and allergic diseases. In the past six decades, our gut microbes have been under 

constant antibiotic assault in the form of medical therapies and routine use of 

antibiotics in farming practices. It is likely that the restoration of gut biodiversity 

and the introduction of specific strains of commensal bacteria can displace 

pathogenic strains, leading to decolonization.6 

Fecal microbiota transplantation (FMT) is a strategy that transfers gut 

microbiota from a healthy donor to introduce or re-establish a stable microbial 

community. The history of using the stool of the healthy to treat human diseases 

can date back to the 1,700 years ago in China.7 Then, since the 1950s8, when its 

occasional use for treatment of pseudomembranous colitis started, FMT has 

become highly effective treatment for recurrent Clostridium difficile infection, 

with an overall cure rate of more than 90%.9,10 FMT is now being utilized for 

various diseases, including IBD, IBS, and metabolic disorders.11-13  

Recently, FMT has been attempted to eliminate intestinal colonization 
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with MDRO, extended-spectrum b-lactamase (ESBL) producing and 

carbapenemase-producing Enterobacteriaceae (CPE), vancomycin-resistant 

enterococci (VRE), and methicillin-resistant staphylococcus aureus (MRSA).14-21 

These attempts have shown considerable successes so that FMT has emerged as 

a promising therapy for intestinal MDR bacterial decolonization.  

It is supposed that the mechanism by which FMT may clear MDRO 

colonization is likely similar to that of healthy intestinal microbiota. Healthy 

intestinal microbiota can prevent or limit pathogen colonization, dominance, and 

infection of pathogens and pathobionts throughout competition for nutrients and 

binding sites, alteration of environmental conditions (e.g., pH), release of 

metabolic waste products and genetic signalizing and host-microbiome 

interactions.22  

Up to date, it has been almost the only way to prevent CPE and VRE 

that use of transmission precautions such as contact isolation with patients known 

to be colonized or infected with resistant micro-organisms in healthcare facilities. 

However, decolonization is unpredictable and can take several months to a few 

years, depending on various parameters, including exposure to antibiotics, 

patients’ underlying conditions, age, recent hospitalization, and trips to countries 

endemic with those bacteria.23 Moreover, cohorting of CPE and VRE carriers 

needs direct and indirect costs. The purpose of our study was to prove the efficacy 

and safety of FMT on the decolonization of CPE and VRE carriers and reveal 

FMT as an effective way to eradicating CPE and VRE. In addition, we 

investigated the characteristics of microbiota associated with the decolonization 

of CPE and VRE.  



7 

 

II. MATERIALS AND METHODS 

 

1. Study design and variables 

A prospective, open-label, uncontrolled, single-center pilot study of 

FMT for patients with digestive tract colonization with CPE, VRE, or CPE/VRE 

was conducted at a tertiary hospital, Seoul, Korea. Subjects were enrolled 

between April 2018 and January 2020. Subjects received FMT as freshly fecal 

microbiota solutions. We had screened the whole hospital and enrolled the 

candidates weekly. 

The primary endpoint of the study was successful decolonization of CPE, 

VRE, or CPE/VRE within one year after FMT. Secondary endpoints included 

time to decolonization and safety assessment. Successful gut decolonization was 

determined by at least two consecutive negative rectal examinations (polymerase 

chain reaction (PCR) and culture) on Days 1, 7, 14, 28, and Months 2, 3, 6, 12 

following FMT. Complete CPE, VRE, or CPE/VRE decolonization was defined 

as decolonization of all strains of MDRO, while partial decolonization was 

defined as decolonization of at least one strain of MDRO. In this study, we used 

complete decolonization as an index for evaluating CPE or VRE, and partial 

decolonization for CPE/VRE response. We defined responders as patients 

satisfied with the primary endpoints, while non-responders could not reach it. We 

analyzed the rate of successful decolonization, and investigated clinical and 

microbial factors associated with the successful and time-to-decolonization. 

In addition, to prove the effectiveness of FMT, we retrospectively 
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enrolled MDRO colonized subjects who satisfied the enrollment criteria but did 

not received FMT during study period. During the same study period, when 

patients screened as candidates but did not undergo FMT for any reason, we chose 

them as non-FMT cohort group. Their electronic medical records were reviewed 

retrospectively to compare the median decolonization time with FMT group.  

The following variables were assessed: Age, sex, body mass index, 

MDRO type, duration of carrage before FMT, hospital stay of days after FMT, 

antibiotic treatment before and after FMT or screening, duration of antibiotics use 

after FMT, discharge in one week after FMT or screening, Charlson comorbidity 

index, laboratory test results at FMT, the rate of successful decolonization, time 

to decolonization, recolonization, averaged taxonomic composition of donor and 

recipients, alpha diversity, beta diversity, taxonomic rank, functional rank. 

 

2. Donor selection 

Healthy unrelated donors (between ≥2 and <65 years of age) were 

volunteers who were initially screened using a questionnaire addressing risk 

factors regarding their age, body mass index (BMI), comorbidities, medical 

history, drug treatments, sexual behavior, nutrition status, previous travels, and 

family history of bowel diseases. Donor exclusion criteria included positive 

response on the donor screening questionnaire; antibiotic use within three months 

before FMT, acute symptom or acute disease, current medication, travel history 

within three months before FMT, drug user, tattooed person, exposure to human 

immunodeficiency virus (HIV) or hepatitis virus within one year before FMT, 
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history of imprisonment, family history of colon cancer or gastrointestinal 

infection, history of gastrointestinal disease, BMI>25kg/m2, history at least one 

of following disease; hypertension, diabetes mellitus, hyperlipidemia, 

autoimmune disease, atopic disease, depression, HIV, hepatitis, syphilis, cancer, 

neurologic disease, or chronic pain syndrome; and abnormal donor screening 

tests.  

Donor screening tests were performed. The donor screening laboratory 

values included blood tests [hepatitis A immunoglobulin (Ig)M, hepatitis B 

surface antigen (Ag), hepatitis C antibody (Ab), HIV I Ag/Ab, syphilis screening 

test, Ebstein-Barr virus Ab IgM/IgG to viral capsid antigen, Cytomegalovirus Ab 

IgG/IgM, complete blood count, routine chemistry, triglyceride, high-density 

lipoprotein, low-density lipoprotein, anti-nuclear antibody, amylase, lipase, 

erythrocyte sedimentation rate, and C-reactive protein]. Sequentially, donor feces 

were screened for white blood cell count, stool occult blood, culture for 

Salmonella, Shigella, Campylobacter, and Yersinia, PCR for rotavirus, norovirus, 

adenovirus, and C difficile toxin, parasite screening (eggs, cysts), culture for VRE 

and CRE.  

 

3. Donor fecal preparation 

If volunteers go through all of donor screening procedures, we store their 

feces in a stool bank for FMT. Once registered as an FMT donor, each donor can 

donate his or her stool more than 20 times during four weeks. Feces were 

collected by the donor and immediately-within 1 hour- transported to the stool 
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bank. Each donor produced about a 100g stool sample, which was used for FMT. 

Fecal samples were blended with 200mL sterile normal saline for 10 minutes. 

This blended fecal mixture was poured through a clean metal sieve, and food-

derived debris of too large size will be removed. Then, glycerol as amount as 10% 

of total fecal solution volume added and stored at -70℃ until FMT was 

administered. For patients who had been selected as FMT recipients, the donor-

feces solution unfroze at the stool bank and immediately transported and infused 

by a study physician. 

 

4. Patient selection  

Inclusion criteria were: aged >6 months; written informed consent 

signed; CPE, VRE, or CPE/VRE colonization confirmed by at least one positive 

rectal culture in a week prior to the FMT. 

Main exclusion criteria were: other focus of MDRO except 

gastrointestinal (GI) tract, food allergy, severe immunosuppression [HIV 

infection, immunosuppressive therapy (including corticosteroids>60 mg/day for 

more than five days, and other immunosuppressant use), chemotherapy, solid 

organ transplantation, or hematopoietic stem cell transplantation], acute 

infectious disease, concurrent diseases that can result in danger from gastroscopy 

or colonoscopy, conditions include severe acute, chronic medical, psychological, 

or laboratory abnormalities that may increase the risk associated with 

participating in the study or interfere with the interpretation of the test results as 

their doctor’s decision. 
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Treatments, including antibiotics, were continued as their own 

physician’s decision. We allowed concomitant antibiotic prescription at the time 

of FMT. The study was conducted in accordance with the Declaration of Helsinki. 

Written informed consent for participation in this study was obtained from all 

participants. The institutional review board of Severance hospital approved the 

research protocol (2016-1079-019).  

 

5. FMT procedure  

FMT was offered to consecutive patients whose GI tracts were colonized 

with CPE, VRE, or CPE/VRE and who did not meet exclusion criteria. The 

participants consented to FMT and allowed the resultant data to be analyzed and 

published.  

FMT involves the administration of thoroughly screened, healthy donor 

stool into a patient’s gut, either into the colon (via colonoscopy), into the stomach 

(via percutaneous endoscopic gastrostomy tube or anti-acid capsule), or into the 

upper small intestine (via gastroduodenoscopy)10. We chose the route according 

to the patient’s condition. A possible advantage of the proximal route is that the 

fecal solution reaches the entire intestinal tract, and a disadvantage is that when 

the patient vomits, there is a risk of aspiration. Therefore, difficulty swallowing 

is a relative contra-indication for fecal transplantation by a duodenal tube, so that 

we used colonoscopy to the patients who had the risk. In general, the technique 

was well-tolerated by our patients. 

Each participant fasted for at least 12 hours before transplantation. For 
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patients using colonoscopy as FMT tool, bowel cleansing was carried out the day 

before FMT. For patients using gastroduodenoscopy as an FMT tool, a proton 

pump inhibitor was administered in the evening before FMT and twice daily on 

the day of transplantation to neutralize gastric acid. The fecal solution was 

administered through to the prior selected infusion route by experienced 

physician. Routine on-ward monitoring was performed for the subsequent two 

days. FMT efficacy was assessed by culturing stool as planned. In cases that 

involved colonization with CPE, fecal samples were also tested using PCR for 

the presence of an antibiotic-resistance gene encoding carbapenemase. Additional 

fecal samples were collected and frozen in liquid nitrogen for subsequent 

microbiome sequencing. 

 

6. Microbiological methods 

CPE or VRE colonization was confirmed by stool culture and PCR. 

Microbiome sequencing was performed to investigate the influence of the 

microbial composition of the transplanted material on the outcome of FMT. 

A. CPE identification  

The culture-based test recommended by the CDC included overnight 

enrichment in 5 ml trypticase soy broth (TSB; Becton, Dickinson and Co., Sparks, 

MD, USA) with 10 ug ertapenem disk (BBL, Becton, Dickinson and Co., Sparks, 

MD, USA) and subculture of incubated broth onto a MacConkey agar plate (Asan 

Pharmaceutical, Seoul, Korea) with 10 ug ertapenem disk on the first streaking. 
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The colony grew within 21mm of inhibition zone and suspected as 

Enterobacteriaceae was subcultured to obtain pure isolate. Then colony was 

identified using Matrix-assisted laser desorption ionization-time of flight mass 

spectrometry (MALDI-TOF MS); the Microflex LT Biotyper (Bruker Daltonics, 

Leipzig, Germany) and the VITEK MS (bioMerieux, Marcy-l'Étoile, France). 

Phenotypic tests to detect CPE were performed using the disk carbapenemase 

test.24 Conventional PCR followed to detect five carbapenemase genes (IMP-1, 

KPC, NDM, VIM, and OXA-48) as previously described.25 When we suspected 

the integrity of conventional PCR products, PCR product sequencing was 

performed.  

B. VRE identification 

Fecal or rectal swab sample was incubated on enterococcal broth (Yuhan 

Lab Tech Co., Ltd., Seoul, Korea) for 24 hours. Inoculation on phenylethyl 

alcohol agar with 30ug vancomycin disk (BBL, Becton, Dickinson, and Co., 

Sparks, MD, USA) was made and incubated in 5% CO2 for 24 hours. The 

colonies within the 14mm of inhibition zone were picked up and identified using 

MALDI-TOF. The colonies of Enterococcus spp. were reported as vancomycin-

resistant. When the inhibition zone was not clear, PCR was performed using 

Seeplex VRE ACE Detection (Seegen, Seoul, Korea).     

C. DNA Extraction, PCR amplification and Sequencing for 16s 

rRNA 

Total DNA was extracted using the FastDNA® SPIN Kit for Soil (MP 

Biomedicals, USA) in accordance with the manufacturer’s instruction. PCR 
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amplification was performed using primers targeting from V3 to V4 regions of 

the 16S rRNA gene with the extracted DNA. For bacterial amplification, primers 

of 341F (5-TCGTCGGCAGCGTC-AGATGTGTATAAGAGACAG-

CCTACGGGNGGCWGCAG-3; underlining sequence indicates the target 

region primer) and 805R (5-GTCTCGTGGGCTCGG-

AGATGTGTATAAGAGACAG-GACTACHVGGGTATCTAATCC-3) were 

used. The amplifications were carried out under the following conditions: initial 

denaturation at 95 °C for 3minutes(min), followed by 25 cycles of denaturation 

at 95 °C for 30 seconds(sec), primer annealing at 55 °C for 30 sec, and extension 

at 72 °C for 30 sec, with a final elongation at 72 °C for 5 min. Then, secondary 

amplification for attaching the Illumina NexTera barcode was performed with i5 

forward primer (5-AATGATACGGCGACCACCGAGATCTACAC-

XXXXXXXX-TCGTCGGCAGCGTC-3; X indicates the barcode region) and i7 

reverse primer (5-CAAGCAGAAGACGGCATACGAGAT-XXXXXXXX-

GTCTCGTGGGCTCGG-3). The condition of secondary amplification is equal 

to the former one except the amplification cycle set to 8.  

The PCR product was confirmed by using 1% agarose gel 

electrophoresis and visualized under a Gel Doc system (BioRad, Hercules, CA, 

USA). The amplified products were purified with the CleanPCR (CleanNA). 

Equal concentrations of purified products were pooled together and removed 

short fragments (non-target products) with CleanPCR (CleanNA). The quality 

and product size were assessed on a Bioanalyzer 2100 (Agilent, Palo Alto, CA, 

USA) using a DNA 7500 chip. Mixed amplicons were pooled, and the sequencing 
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was carried out at Chunlab, Inc. (Seoul, Korea), with Illumina MiSeq Sequencing 

system (Illumina, USA) according to the manufacturer’s instructions.  

D. Pyrosequencing and microbiome data analysis  

Processing raw reads starts with quality check, and filtering of low 

quality (<Q25) reads by Trimmomatic 0.32.26 After QC pass, paired-end sequence 

data are merged using PANDAseq.27  Primers are then trimmed with ChunLab’s 

in-house program at a similarity cut off of 0.8. Non-specific amplicons that do 

not encode 16S rRNA are detected by HMMER’s hmmsearch program28 with 16S 

rRNA profiles. Sequences are denoised using DUDE-Seq,29 and non-redundant 

reads are extracted by UCLUST-clustering.30 The EzBioCloud database, which 

contains 16S rRNA gene sequence of type strains that have valid published names 

and representative species-level phylotypes of either cultured or uncultured 

entries in the GenBank database with complete hierarchical taxonomic 

classification from the phylum to the species is used for taxonomic assignment 

using USEARCH (8.1.1861_i86linux32)30 followed by more precise pairwise 

alignment.31 UCHIME32 and the non-chimeric 16S rRNA database from 

EzBioCloud (http://www.ezbiocloud.net)33  are used to detect chimera on reads 

that contain a less than 97% best-hit similarity rate. To determine the level of 

sequencing depth, rarefaction curves are obtained by plotting the number of 

observed operational taxonomic Units (OTUs) against the number of sequences. 

Sequence data is then clustered using CD-HIT34 and UCLUST.30 A representative 

sequence of each OTU is taxonomically classified. The alpha diversity indices 

and rarefaction curves are estimated by in-house code. Alpha-diversity analyses, 

including rank-abundance, Simpson diversities, and Ace richness estimations, 
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are calculated using CLCommunity software (Chunlab Inc., Seoul, Korea). 

Random subsampling is conducted to equalize read size of samples for comparing 

different read sizes among samples. Identified generic phylotypes were checked 

manually from OTU tables and analyzed to determine their composition in each 

of the sample sites. Beta-diversity analyses of microbiota communities are 

assessed to explore the effects of environmental variables on community 

composition using principal coordinate analysis (PCoA) on weighted UniFrac35 

distance matrices generated from the normalized OTU tables. The double pie 

chart depicts the taxonomic compositions of two different taxonomic ranks 

simultaneously. The Taxon XOR Analysis allows identification of the taxa (at any 

taxonomic rank) that are present in a select set of samples but are not present in 

other samples.  

 

7. Statistical analyses 

Continuous variables with normal distribution were shown as 

mean±standard deviation. Group comparisons were performed using t-test. 

Continous non-normal distributed variables were shown as medians ± IQR (3rd 

interquartile range-1st interquartile range) and nonparametric tests were used to 

compare the differences between groups. Categorical variables were shown as 

numbers (percentage). Chi-squared tests and Fisher’s exact tests were used to 

compare categorical data in different groups.  

Times to decolonization were estimated using Kaplan–Meier method 

and compared using log-rank, Breslow, and Tarone-Ware tests. Cox proportional 
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hazard regression analysis was performed to evaluate independent factors for 

MDRO decolonization time. Variables with p≤0.05 in the univariate Cox 

regression analysis were subjected to multivariate analysis. Clinical and 

microbiome data were coded and statistically analyzed using the computerized 

software statistical package SPSS version 25 (IBM, NY, USA). No power 

calculation or sample size assessment was done for this pilot study. 

After sequencing, all data analysis pipelines were performed in 

EzBioCloud 16S-based microbiome taxonomic profiling (MTP), which is 

ChunLab’s bioinformatics cloud platform (https://www.ezbiocloud.net/; 

ChunLab Inc., Seoul, Korea). Briefly, processing raw reads started with a quality 

check (QC) and filtering of low quality (<Q25) reads by Trimmomatic 0.32. After 

chimeric filtering, the taxonomic classification of each read was assigned against 

the EzBioCloud database. Functional profiles that were predicted by phylogenetic 

investigation of communities by reconstruction of unobserved states (PICRUSt) 

and minimal set of pathways (MinPath) algorithms, taxonomic biomarkers, and 

functional biomarkers were analyzed by statistical comparison algorithms (LDA 

Effect Size - LEfSe and Kruskal-Wallis H Test). 

 

 

III. RESULTS 

 

1. Population characteristics and clinical outcomes 



18 

 

A total of 35 (CPE=4, VRE=19, and CPE/VRE=12) patients were 

prospectively enrolled in the study and underwent FMT. Five were pediatric and 

thirty were adult patients. Among gut-colonizing CPE, Klebsiella pneumoniae (n 

= 14) was dominant enterobacteria, and KPC (n = 14) was the most common gene. 

For VRE, the majority of enterococci and its genetic type were Enterococcus 

faecium (n = 15) and vanA (n = 27), respectively.  

Participants’ clinical characteristics, according to their responsiveness, 

are provided in Table1. The median age of all 35 patients was 66.5 years 

[interquartile range (IQR) 25], and 22 patients were male sex (62.9%). The 

primary endpoint was reached in 24 (68.6%) patients who named ‘responders’ 

while 11 (31.4%) patients have remained as ‘non-responders’. The median 

duration of MDRO carriage before FMT was 44 (IQR 38) days, and the median 

hospital stay of days (HOD) after FMT was 68.8±71.8 days. Nineteen patients 

underwent FMT via colonoscopy, twelve did it via gastroduodenoscopy, and both 

two patients did it via percutaneous endoscopic gastrostomy tube or anti-acid 

capsule, respectively (data not shown).  

 

Table 1. Comparisons of clinical characteristics between responders and 

non-responders 

Characteristics  
Total 

(N=35) 

Responders 

(N=24) 

Non-

responders 

(N=11) 

p value 

Age at FMT (years) 66.5±25 65±31 68±50 0.986 

Male sex (%) 22 (62.9) 15 (62.5) 7 (63.6) >0.999 

BMI (kg/m2) 20.5±4.8 21.8±5.2 18.2±2.9 0.245 

Carriage MDRO      0.056 
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     VRE 19 (54.3) 10 (41.7) 9 (81.8)  

     CPE 4 (11.4) 3 (12.5) 1 (9.1)  

     CPE/VRE 12 (34.3) 11 (45.8) 1 (9.1)  

Duration of carrage 

before FMT (days) 
44±38 38±95 66±46 0.986 

Hospital stay of days 

after FMT (days) 
68.8±71.8 69.9±77.2 66.8±69.4 0.732 

ATB before FMT 

(within 1week) 
16 (45.7) 9 (37.5) 7 (63.6) 0.273 

ATB after FMT 

(within 1week) 
19 (54.3) 11 (45.8) 8 (72.7) 0.167 

Duration of antibiotics 

use after FMT (days) 
32.0±42.5 14.1±16.0 64.2±57.7 0.157 

Charlson comorbidity 

index 
6±4 6±5 6±4 0.958 

Laboratory test results 

at FMT 
    

     WBC (10^3/uL) 7.2±2.7 6.6±2.5 8.2±3.0 0.608 

     Hemoglobin  

(g/dL) 
10.0±1.3 10.1±1.4 9.8±1.3 0.706 

Platelet count 

 (10^3/uL) 
316.4±164.4 327.0±188.4 297.2±127.0 0.959 

BUN (mg/dL) 13.7±17 13.1±22 14.3±19 0.669 

Creatinine 

 (mg/dL) 
0.5±1 0.5±1 0.4±1 >0.999 

AST (IU/L) 26.5±22 20±14 41±71 0.002 

ALT (IU/L) 19.0±22 9±13 32±22  0.001 

Total cholesterol 

 (mg/dL) 
134±48 137±56 131±86 0.423 

Albumin  

(mg/dL) 
3.1±0.4 3.2±0.4 3.0±0.3 0.975 

Fasting glucose 

 (mg/dL) 
95±24 95±21 105±47 0.713 

CRP (mg/L) 20.1±14.7 21.4±14.9 17.7±15.8 0.496 

FMT, fecal microbiota transplantation; BMI, body mass index; MDRO, multi-drug-

resistant organism; CPE, carbapenem-producing Enterobacteriaceae; VRE, 

vancomycin-resistant enterococci; ATB, antibiotic treatment; WBC, white blood cell; 

BUN, Blood urine nitrogen ; AST, Aspartate transaminase; ALT, Alanine 

transaminase; LDL, Low density lipoprotein; CRP, C-reactive protein. 
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Among the three types of MDRO, VRE turned out to be the least 

responsive to FMT [10 (41.7%) VRE vs. 3 (12.5%) CPE vs. 11 (45.8%) 

CPE/VRE, p=0.056]. Responders had lower Aspartate transaminase (20±14 vs. 

41±71, p=0.002) and Alanine transaminase (9±13 vs. 32±22, p=0.001) level than 

non-responders. There were no significant differences in BMI, duration of 

MDRO carriage before FMT, HOD after FMT, antibiotic treatment (ATB) before 

FMT, ATB after FMT, duration of antibiotics use after FMT, and Charlson 

comorbidity index. Route of FMT, donor for FMT, total amount of feces using 

FMT were also observed no significance (data not shown).   

Table 2 presents the cumulative decolonization rate at each time point 

after FMT or screening. In FMT group, MDRO decolonization was achieved in 

fifteen (42.9%) patients within a month. Twenty (57.1%), twenty-three (65.7%) 

patients showed responsiveness within three and six months, respectively. Finally, 

24 patients reached the primary endpoint (Table 2-1). In non-FMT group, the 

clearance rate was lower than FMT group at every follow-up point. Overall, the 

approached response of CPE or CPE/VRE group was higher than that of VRE 

group (Table 2-2).  

Continuous variables with normal distribution were shown as mean±standard 

deviation. Group comparisons were performed using t-test. Continuous non-normal 

distributed variables were shown as medians ± IQR (3rd interquartile range-1st 

interquartile range) and nonparametric tests were used to compare the differences 

between groups. Categorical variables were shown as numbers (percentage). Chi-

squared tests and Fisher’s exact test were used to compare categorical data in 

different groups. 



21 

 

Table 2-1. Cumulative MDRO decolonization in 35 FMT group 

 1week 2weeks 4weeks 2months 3months 6months 1year 

VPE 2 (10.5) 2 (10.5) 5 (26.3) 7 (35.8) 7 (36.8) 10 (52.6) 10 (52.6) 

CPE 2 (50.0) 3 (75.0) 3 (75.0) 3 (75.0) 3 (75.0) 3 (75.0) 3 (75.0) 

CPE/VRE 2 (16.7) 4 (33.3) 7 (58.3) 10 (83.3) 10 (83.3) 10 (83.3) 11 (91.7) 

Total 6 (17.1) 9 (25.7) 15 (42.9) 20 (57.1) 20 (57.1) 23 (65.7) 24 (68.6) 

MDRO, multi-drug-resistant organism; VRE, vancomycin-resistant enterococci; CPE, 

carbapenem-producing Enterobacteriaceae. 

Response at each follow-up point were shown as numbers (percentage). 

 

 

Table 2-2. Cumulative MDRO decolonization in 48 non-FMT group 

 1week 2weeks 4weeks 2months 3months 6months 1year 

VPE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (8.3) 3 (12.5) 

CPE 2 (10.0) 3 (15.0) 5 (25.0) 6 (30.0) 8 (40.0) 9 (45.0) 9 (45.0) 

CPE/VRE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (25.0) 1 (25.0) 

Total 2 (4.2) 3 (6.3) 5 (10.4) 6 (12.5) 8 (16.7) 12 (25.0) 13 (27.1) 

MDRO, multi-drug-resistant organism; VRE, vancomycin-resistant enterococci; CPE, 

carbapenem-producing Enterobacteriaceae. 

Response at each follow-up point were shown as numbers (percentage). 

 

 

The univariate and multivariate regression analysis in overall MDRO 

(FMT plus non-FMT group) were shown in Table 3. In Charlson comorbidity 

index-adjusted Cox regression, MDRO types were statistically significant 

independent factors associated to time to decolonization [hazard ratio (HR), 6.910; 

95% confidence interval (CI), 2.323-20.506; p<0.001 in CPE and HR, 2.313;95% 

CI, 0.978-5.472; p=0.056 in CPE/VRE]. FMT was also had a significant 

association with MDRO decolonization time (HR, 5.343;95% CI, 1.877-15.212; 

p=0.002). Although univariate analysis showed statistical difference in a 

discharge after FMT or screening, its association presented no significance in the 
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multivariate Cox regression model. Antibiotics use has not been shown to affect 

the decolonization time.  

 

Table 3. Unadjusted and adjusted hazard ratio for overall MDRO decolonization 

using Cox proportional hazard regression model (FMT+ non-FMT group) 

Variable 

Univariate analysis Multivariate analysis 

Un-

adjusted 

hazard 

ratio 

95% CI p  

Adjusted 

hazard 

ratio 

95% CI p  

Age 0.994 0.981-1.007 0.384       

Sex 0.863 0.449-1.660 0.660       

ATB before 

FMT or 

screening 

0.551 0.287-1.057 0.073    

ATB after 

FMT or 

screening  

0.534 0.278-1.027 0.060 0.735 0.361-1.496 0.395 

Discharge in 

1week after 

FMT or 

screening  

2.660 1.251-5.657 0.011 1.488 0.642-3.447 0.354 

Charlson 

comorbidity 

index 

0.998 0.893-1.116 0.975 1.055 0.928-1.199 0.411 

Carriage 

MDRO 
            

VRE 1.000 Reference 0.019 1.000 Reference 0.002 

CPE 2.293 1.039-5.059 0.040 6.910 
2.328-

20.506 
<0.001 

CPE/VRE 2.956 1.340-6.523 0.007 2.313 0.978-5.472 0.056 

FMT 2.466 1.251-4.861 0.009 5.343 
1.877-

15.212 
0.002 

CI, confidence interval; ATB, antibiotic treatment; MDRO, multi-drug-resistant organism; 

FMT, fecal microbiota transplantation. 
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From Figure 1A, we can see that median decolonization is significantly 

shorter in CPE (22 days) or CPE/VRE (106 days) group than VRE group (111 

days). The most important finding is that FMT group showed shorter median 

decolonization delay than non-FMT group (42 days vs. 205 days) (Figure 1B).  

 

Figure 1A. Decolonization delay of multi-drug-resistant organism (MDRO) 

MDRO type 
Median decolonization 

time (days) 

P 

Log 

Rank 

Breslow Tarone-

Ware 

VRE 111.0 

0.065 0.012 0.018 
CPE 22.0 

CPE/VRE 106.0 

Overall 81.0 
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Figure 1B. Decolonization delay of fecal microbiota transplantation  

Cohort 
Median decolonization 

time (days) 

P 

Log 

Rank 
Breslow 

Tarone-

Ware 

FMT 42.0  

0.007 0.001 0.002 Non-FMT 205.0 

Overall 111.0 

 

 

As Table 4 shows, for FMT group, there is a significant difference in 

decolonization time according to MDRO types (HR 1.000; Reference; p=0.004 

in VRE, HR, 11.146; 95% CI, 2.420-51.340; p=0.002 in CPE and HR, 2.948;95% 

CI, 1.200-7.246; p=0.018 in CPE/VRE). Figure 2 presented that the median 

decolonization time of CPE (7 days) was the shortest among three MDRO types 

(138 days in VRE and 18 days in CPE/VRE). The total follow up duration was 

382 days, 24 of which were decolonized, and the total decolonization rate was 

7154 cases per 100 person-year. 
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Table 4. Unadjusted and adjusted hazard ratio for overall MDRO 

decolonization using Cox proportional hazard regression model (FMT 

group) 

Variable 

Univariate analysis Multivariate analysis 

Un-

adjusted 

hazard 

ratio 

95% CI p  

Adjusted 

hazard 

ratio 

95% CI p  

Age 1.003 
0.988-

1.020 
0.675       

Sex 1.231 
0.532-

2.853 
0.627       

ATB before 

FMT 
0.445 

0.192-

1.033 
0.060 0.477 

0.196-

1.165 
0.104 

ATB after 

FMT 
0.543 

0.241-

1.224 
0.141       

Discharge in 

1week after 

FMT or 

screening 

1.859 
0.766-

4.416 
0.173       

Charlson 

comorbidity 

index 

1.017 
0.878-

1.179 
0.819 1.050 

0.883-

1.247 
0.581 

AST (IU/L) 0.977 
0.951-

1.003 
0.085    

ALT (IU/L)  0.974 
0.943-

1.006  
0.114    

Carriage 

MDRO 
            

VRE 1.000 Reference 0.001 1.000 Reference 0.004 

CPE 14.093 
3.062-

64.170 
0.001 11.146 

2.420-

51.340 
0.002 

CPE/VRE 2.968 
1.228-

7.169 
0.016 2.948 

1.200-

7.246 
0.018 

CI, confidence interval, ATB; antibiotic treatment; AST, Aspartate transaminase; ALT, 

Alanine transaminase; MDRO, multi-drug-resistant organism; FMT, fecal microbiota 

transplantation. 
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In this study, we found that 9 patients (CPE=3/3; 100.0%, VRE=2/10; 

20.0%, and CPE/VRE=4/11; 36.4%) experience recolonization after FMT (Table 

5). The time to relapse varied from 13 to 219 and the median time to relapse was 

55 days (IQR 98) after FMT. After FMT using colonoscopy, 13 patents were 

decolonized but 7 patients were recolonized (53.8%). There was no significant 

differences between recolonization and non-recolonization group. (data not 

shown). 

  

Figure 2. Decolonization delay of multidrug-resistant organism (MDRO) in FMT group 

 

MDRO type 

 

Median decolonization time 

(days) 

P 

Log Rank Breslow 
Tarone-

Ware 

VRE 138.0  

<0.001 <0.001 <0.001 
CPE 7.0 

CPE/VRE 18.0 

Overall 17.0 

 



27 

 

 

 

 

Table 5. Clinical characteristics of 9 recolonized patients  

Characteristics  
Total 

(N=9) 

Age at FMT (years) 70.0±17 

Male sex (%) 6 (66.7) 

Time to relapse (days) 55±98 

Carriage MDRO    

     CPE 3/3 (100.0) 

     VRE 2/10 (20.0) 

     CPE/VRE 4/11 (36.4) 

Route of FMT  

     Colonoscopy 7/13 (53.8) 

     Duodenoscopy 3/8 (37.5) 

FMT donor  

     Donor A 1/3 (33.3) 

     Donor B 2/6 (33.3) 

     Donor C 1/2 (50.0) 

     Donor D 4/7 (57.1) 

     Donor E 2/4 (50.0) 

ATB before relapse (within 1week) 4 (44.4) 

Admission before relapse (within 1week) 6 (66.7) 

FMT, fecal microbiota transplantation; BMI, body mass index; MDRO, multi-drug-

resistant organism; CPE, carbapenem-producing Enterobacteriaceae; VRE, 

vancomycin-resistant enterococci; ATB, antibiotic treatment. 

Continous variables were shown as medians ± IQR (3rd interquartile range-1st 

interquartile range) and categorical variables were shown as numbers to 

decolonization (percentage).  
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2. Fecal microbiota analysis  

To reveal the differences of fecal microbiome between donor, 

responders, and non-responders, we analyzed fecal microbiota of 116 samples 

colonized with vanA-positive VRE from 14 FMT subjects. CPE colonized 

samples were excluded because 3 out of 4 patients were decolonized, and the 

remaining one followed loss that was not sufficient to analyze according to 

responsiveness. Averaged taxonomic compositions between three groups (donor, 

responder, and non-responder) are presented in Figure 3A and 3B. The number of 

species is higher in donors and responders than non-responders. Verrucomicrobia 

composition increased in the order of donor (<1%), responder (3.0%), and non-

responder (13.5%) as well as Proteobacteria. (<1% vs. 4.7% vs. 8.7%). The 

results of diversity analysis are also shown in Figure 3. Alpha diversity indexes 

between donors, responders, and non-responders were shown in Figure 3C. By 

Wilcoxon rank-sum test, we found that there were significant differences in Ace 

between donors and non-responders (median, 215.23; IQR 92.67 vs. median, 

130.85; IQR 108.5, p<0.001), and responders and non-responders (median, 

130.85; IQR 108.5 vs. median 195.77; IQR 105.6, p=0.018). No difference is 

shown between the donor and responder group (p=0.283). This trend was also 

observed in Simpson index. Beta-diversity analysis of gut microbiota from 

responders and non-responders was presented in Figure 3D. In Principal 

coordinates analysis (PCoA), samples were grouped by category. According to 

PERMANOVA analysis, there were significant different inter-set distances 

between donor, responder, and non-responder groups (p<0.001). 
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Figure 3A. Averaged taxonomic compositions of the donor, responder, and 

non-responder at the species level (stacked bar chart). Compare to non-

responders, donors and responders presented a high number of diverse species.  

 

  
 

Figure 3B. Averaged taxonomic compositions of the donor, responder, and 

non-responder at the phylum (inner circle) and species (outer circle) level 

(double pie chart). Colors represented the phylum. Green (Firmicutes), pink 

(Bacteroidetes), blue (Actinobacteria), yellow (Proteobacteria) and gray 

(Verrucomicrobia).  

 



30 

 

 

 

 

 

 

 

 

Figure 3C. Alpha diversity between donor, responder, and non-responder. 

Species richness and biodiversity estimates by Ace and Simpson index, 

respectively. Alpha diversity indexes suggested that there were significant 

differences in between donor and non-responder, responder and non-responder 

group but no difference in donor and responder group. 

 

Figure 3D. Beta diversity between donor, responder, and non-responder. 

Principal coordinates analysis (PCoA) of weighted distances (Jensen-Shannon, 

species, include unclassified OTUs). Proportions of variance suggested by each 

principal coordinate axis are presented in the corresponding axis label. Green, 

blue, and yellow dots represent donor, responder, and non-responder groups, 

respectively. Dots that are close to each other represent microbial communities 

similar in sequence composition. 1st PC axis represents the highest variance; 2nd PC 

axis represents the second-highest variance.  
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To evaluate the factors that can make the difference between responders 

and non-responder, we compared their microbiota composition prior to FMT. 

PreFMT samples of responders that reached decolonization within 14 days were 

grouped as “preFMT-R14”. PreFMT samples of non-responders were renamed as 

“preFMT-NR”. We used preFMT-R14 to see the prominent differences in 

microbiome. PreFMT-NR group consist of only a few kinds of bacterial species 

(Figure 4A). In Figure 4B, not only Verrucomicrobia (<1% vs. 2.3% vs. 8.8%) 

composition but also Proteobacteria (<1% vs. 2.2% vs. 4.2%) composition 

increased in the order of donor, preFMT-R14, and preFMT-NR. In the aspects of 

the species richness, we found significant differences between donor and 

preFMT-NR (median, 348.82; IQR 82.3 vs. median, 167.07; IQR 181.03, 

p=0.004), and preFMT-R14 and preFMT-NR (median, 469.59; IQR 149.59 vs. 

median, 167.07; IQR 181.03, p=0.042) but no significant difference between 

donor and preFMT-R14 groups (p=0.896). The biodiversity index showed the 

same trend except donor and preFMT-R14 group. Beta-diversity analysis using 

PERMANOVA presented significantly distinct inter-set distances between donor, 

preFMT-R14, and preFMT-NR groups (p<0.001). 
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Figure 4A. Averaged taxonomic compositions of the donor, preFMT-R14, 

and preFMT-NR groups at the species level (stacked bar chart). PreFMT-NR 

group showed a low number of species other than donor and preFMT-R14 groups.  

 

 
 

Figure 4B. Averaged taxonomic compositions of the donor, preFMT-R14, 

and preFMT-NR groups at the phylum (inner circle) and species (outer circle) 

level (double pie chart). Colors represented the phylum. Green (Firmicutes), 

pink (Bacteroidetes), blue (Actinobacteria), yellow (Proteobacteria) and gray 

(Verrucomicrobia).  
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Figure 4C. Alpha diversity between donor, preFMT-R14, and preFMT-NR 

groups. Species richness and biodiversity estimates by Ace and Simpson index, 

respectively. Alpha diversity indexes suggested that there were significant 

differences between preFMT-R14 and preFMT-NR, donor and preFMT-NR 

groups. The difference between donor and preFMT-R14 was observed only in the 

Simpson diversity index.  

 

 
Figure 4D. Beta diversity between donor, preFMT-R14, and preFMT-NR 

groups. PCoA of weighted distances (Jensen-Shannon, species, include 

unclassified OTUs). Green, blue, and yellow dots represent donor, preFMT-R14, 

and preFMT-NR, respectively. Dots that are close to each other represent 

microbial communities similar in sequence composition. 1st PC axis represents 

the highest variance; 2nd PC axis represents the second-highest variance.  
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Bacterial taxa were selected as significantly differentially abundant 

between responders and non-responders (Table 6). The linear discriminant 

analysis (LDA) effect size (LEfSe) analysis allowed the identification of the 

possible taxonomic biomarkers by sorting taxa as the degree of difference. We 

classified preFMT microbiota samples according to the response; within 14 days 

(preFMT-R14), 28 days (preFMT-R28), 90 days (preFMT-R90), and 180 days 

(preFMT-R180), respectively. Through LEfSe algorithm, we found species 

Clostridium ramosum, genus Anaerostipes, and Eisenbergiella could be the 

possible candidates for taxonomic biomarkers.  
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Table 6. Comparison of preFMT taxonomic rank between responders 

and non-responders 

Taxon name 
LDA effect 

size 

preFMT-

NR 
preFMT-R p value 

preFMT-R14 

Clostridium ramosum 4.12513 0.04750 2.71500 0.00654 

Eisenbergiella_uc 2.79797 0.00000 0.12500 0.00729 

Streptococcus sinensis 

group 
2.22794 0.00000 0.00500 0.03594 

Anaerostipes caccae 

group 
3.96620 0.00000 1.85000 0.03671 

preFMT-R28  

Clostridium ramosum 4.12513 0.04750 2.71500 0.00654 

Streptococcus sinensis 

group 
2.91025 0.00125 0.16250 0.02584 

Eisenbergiella_uc 2.22794 0.00000 0.00500 0.03594 

Anaerostipes caccae 

group 
3.96620 0.00000 1.85000 0.03671 

preFMT-R90 

Clostridium ramosum 3.89046 0.04750 1.60143 0.00711 

Streptococcus sinensis 

group 
2.65568 0.00000 0.09000 0.01683 

Anaerostipes caccae 

group 
3.76618 0.00000 1.16714 0.01748 

Eisenbergiella_uc 2.55782 0.00000 0.07143 0.04670 

preFMT-R180 

Clostridium ramosum 3.83098 0.04750 1.40250 0.00819 

Streptococcus sinensis 

group 
2.60419 0.00000 0.08000 0.00982 

Anaerostipes caccae 

group 
3.70819 0.00000 1.02125 0.02728 

  

LDA, linear discriminant analysis. 
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Next, another LEfSe tests were taken to find functional biomarkers. 

Functional profiles that were predicted by PICRUSt and MinPath algorithms. 

After sorting Kyoto Encyclopedia of Genes and Genomes (KEGG) orthologs by 

the degree of difference between preFMT-NR and preFMT-Rs, we found K02017, 

a molybdate transport system ATP-binding protein which acts through the KEGG 

pathway of ABC transporters as a potential functional biomarker for VRE 

decolonization. The KEGG modules that includes this ortholog is a molybdate 

transport system. It appeared in donor as well as every preFMT-Rs but not in 

preFMT-NR. In the case of preFMT-R14, the abundance decreased in the order 

of donor, preFMT-R14, and preFMT-NR (0.081419 vs. 0.055286 vs. 0.026885; 

LDA effect size, 2.119467; p<0.001).  

 

3. Safety Assessment  

No significant adverse events related to FMT were reported during or 

after the infusion of microbiota, other than transient fever a day after FMT. Two 

patients experienced fever on the day of FMT but recovered the next day. There 

was no other adverse event during the follow up period.  

 

 

. 
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IV. DISCUSSION 

 

FMT is a promising way to restore microbiota diversity. For recurrent 

Clostridium difficile infection (CDI), resulting in depletion of the healthy human 

microbiota, it has been revealed as an effective therapeutic strategy.9,10,36 It is 

possible, therefore, that FMT is also valid for the decolonization of MDRO. Prior 

studies that have noted the importance of FMT for recovering disturbed 

microbiota in CDI14,37 as well as MDRO such as ESBL, MRSA, CRE, CPE, or 

VRE.17,18,20,38,39 

In our study, the decolonization rate of VRE, CPE, and CPE/VRE at one 

year was 52.6%, 75.0%, and 91.7% in FMT group. Durbberke et al. presented 

that 73% of VRE patients reached decolonization within six months after FMT.14 

One study has shown that the clearance of CRE and VRE after FMT was 50.0% 

and 87.5%, respectively, within three months.23 Another study found that the 

decolonization rate at one week after FMT for VRE and CRE was 100% and 50%, 

respectively. In the case of CPE, NDM-1 Klebsiella pneumoniae, the one-week 

decolonization rate was 57%, and the one-month decolonization rate was 60%.6  

To compared previous studies, our study shows a lower decolonization 

rate in VRE while a higher decolonization rate in CPE. This lower clearance for 

VRE may be explained that prior study selected candidates with no antibiotics, 

but our study enrolled patients regardless of antibiotics use. Although we did not 

find the relationship between antibiotics use and MDRO decolonization, 

antibiotics treatment prior or follow-up period for FMT could negatively impact 
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on restoring fecal microbiota.23,40 Another possible explanation is that some 

patients in previous study underwent FMT more than twice, while most of our 

patients did it only once. Current studies provide that repeat-FMT leads to a 

higher success rate in other MDRO, like MRSA and ESBL.19,41 To improve its 

effectiveness, serial FMT could be considered.  

We investigated the factors for MDRO decolonization in patients with 

CPE, VRE, or CPE/VRE. Considering both clinical characteristics and the 

median decolonization time, the type of MDRO was associated with the 

decolonization not only in FMT group but also in FMT plus non-FMT group. It 

is known that the decolonization of VRE is quicker than that of CRE in FMT 

group.14,42 In contrary to a recent finding, however, earlier decolonization was 

observed in CPE or CPE/VRE than VRE group. This discrepancy could be 

attributed to MDRO characteristics in our hospital. VRE was first revealed in 

1998, while CPE was first found in 2015 in Severance hospital. This longer 

history of VRE made it possible to gain many gene copies that can avoid 

decolonization. Consistent with the surmise, this research revealed that the 

median decolonization time, according to MDRO type in FMT plus non-FMT 

group, also presented the same trend. Moreover, descriptive studies have revealed 

no evidence for earlier decolonization of VRE than CRE, and the sample size of 

the previous study was not sufficient to analyze statistically. 

FMT is an effective way to eradicate MDRO. The median MDRO 

decolonization time of FMT is significantly shorter than both non-FMT group 

and previous studies (387 days43 and 180 days16 in CRE; The decolonization 

duration of VRE varies widely so that remains unclear yet44,45). Although 
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concerning spontaneous decolonization, it is the crucial factor to achieve MDRO 

eradication. A study by O'Fallon et al. showed that the spontaneous 

decolonization rate of CRE was 9% within seven months. 46 Another study 

conducted by Havertake et al. suggested that in patients under long-term acute 

care, the clearance rate was 17% and 50% at four weeks and nine months, 

respectively.47 A current meta-analysis study reported that the natural 

decolonization rate of CRE was 50% within six months.16 This study supports 

evidence from previous observations.  

In our study, we found that alpha diversity indexes were significantly 

different between donors and non-responders, and responders and non-

responders. In addition, beta diversity presented significantly different inter-set 

distances among donor, responder, and non-responder groups. This findings 

support that the infusion of healthy donor’s feces into vanA-positive VRE 

colonized recipients’ gut reestablished microbial diversity, consistent with 

previously reported for CDI or ESBL patients.10,19  

Recent studies suggested that the introduction of healthy flora in patients 

with CDI restores dysbiosis through increasing the number of Bacteroidetes and 

Firmicutes or reducing that of Proteobacteria in CDI.10,48 In our study, we found 

that Proteobacteria and Verrucomicrobia composition increased in the order of 

donor, responder, and non-responder. This result is similar to previous studies in 

Proteobacteria but not in Bacteroidetes and Firmicutes. Our study presented that 

the composition of Firmicutes was dominant in responders, but it was similar to 

donors and non-responders. Like Firmicutes, Bacteroidetes was abundant in 

donors; however, the portion of Bacteroidetes seemed not to have a difference 
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between responders and non-responders. 

There were significant microbial differences between responders and 

non-responders even before FMT. Interestingly, it was observed that the preFMT 

microbiota species richness and biodiversity in the responder group were higher 

than that of the non-responder group. The more severe the dysbiosis, the harder 

it is to restore. It can be explained that a healthy microbiome made it possible to 

restore dysbiosis by outcompeting MDRO pathogens. Therefore, by analyzing 

diversity indexes prior to FMT, we could predict FMT responsiveness. 

Bilinski et al. suggested that a high abundance of Barnesiella, 

Bacteroides, and Butyricimonas may be related to the response of FMT in patients’ 

colonized NDM-1 Klebsiella pneumonia.6 In the murine model, it was found that 

the recolonization of Barnesiella species was associated with VRE eradication.49 

These results provided that there could be possible microbial inducers influence 

the decolonization of FMT. In our study, we found species Clostridium ramosum, 

genus Anaerostipes, and Eisenbergiella could be the potential candidates for 

taxonomic biomarkers for VRE decolonization.  

We presented that KEGG ortholog named K02017, a molybdate 

transport system ATP-binding protein, which is included in the pathway of ABC 

transporters could act as a functional biomarker in VRE decolonization To our 

knowledge, this is the first study to suggest a potential functional biomarker in 

vanA-VRE eradication. Further researches investigating this ortholog in VRE 

decolonizing process should be provided to improve the efficacy of FMT.  

In the follow-up period, nine of the patients with complete response experienced 
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recolonization. A recent study reported that gut microbiota tends to go back to 

baseline within 8-12 weeks after FMT.50 Another study suggested that the 

recolonization rate was 20% (2/10) within six months.6 In our study, the overall 

recolonization rate was 37.5% (9/24) within a year. This higher value seems to 

associated with longer follow-up duration. Few studies commented on this 

recolonization because of their short follow-up period. We could not analyze the 

factors that influence on recolonization and find the differences between 

recolonization and non-recolonization groups. Further studies searching factors 

for recolonization and comparing microbiota between recolonizers and non-

recolonizers are required to maintain the efficacy of FMT. 

The major limitation of this study is the small sample size. However, to 

overcome this weakness, we settled a non-FMT group. As far as we know, this is 

the first study that an established non-FMT group to reveal the efficacy of FMT 

in MDRO. Second, for the non-FMT group, we retrospectively reviewed their 

electronic medical records so that the decolonization time of MDRO might be 

shorter than it recorded. However, the responsiveness at each follow-up period 

was similar to previous studies. Third, we enrolled children but used adult donor’s 

feces for FMT. It may have affected the decolonization process. At last, we did 

not restrict the diet composition, which possibly related to microbiota changes 

after FMT. 
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V. CONCLUSION 

 

In conclusion, FMT is an effective and safe way for CPE, VRE, or 

CPE/VRE clearance by restoring the dysbiosis of the gut microbiome. CPE is the 

most responsive in both decolonization rate and median decolonization time. For 

the vanA-positive VRE decolonization process, species Clostridium ramosum, 

genus Anaerostipes, and Eisenbergiella could be taxonomic biomarkers. It is 

possible that K02017, a molybdate transport system ATP-binding protein, 

including in the ABC transporters pathway, could act as a functional biomarker 

in VRE decolonization. Further researches are needed to prove the potential 

biomarkers for VRE decolonization.  
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ABSTRACT (IN KOREAN) 

 

분변이식을 통한 다제내성세균의 탈집락화 효능 분석 

 

<지도교수  최준용> 

 

연세대학교 대학원 의학과 

 

성  혜 

 

 

서론: 다제내성세균의 증가는 임상적 경과 악화 및 입원기간의 

연장은 물론이고 그로 인한 의료 비용의 증가까지도 야기할 수 

있다. 비록 다제내성세균의 집락화가 곧 감염을 의미하는 것은 

아니지만, 면역력이 저하된 환자에게서 감염을 일으킬 수 있다. 

그러나 현재까지 다제내성세균의 탈집락화를 일으킬 수 있는 

정립된 치료 방법은 없다. 이 연구에서 우리는 

카바페네메이즈를 생성하는 장내세균 및 반코마이신 내성 

장구균이 집락된 환자에서 분변이식이 탈집락화를 유도하는 

효능을 입증하는 것을 목표로 삼았다.  

 

재료 및 방법: 이 연구는 2018년 3월부터 2020년 1월까지 

카바페네메이즈 생성 장내세균, 반코마이신 내성 장구균 또는 

두 종류의 내성균을 모두 가진 환자들을 대상으로 한 전향적 

단일 센터 파일럿 연구이다. 총 35명의 피험자가 연구에 

참여하여, 대장 내시경, 십이지장 내시경, 경피 공장 절개술 

튜브 또는 내산성 캅셀을 이용하여 분변이식술을 받았다. 

분변이식 후 1년 동안 추적관찰하며 한 사람당 총 9회에 걸쳐 

분변을 수집하였다. 연구 기간 동안 탈집락화가 일어난 

환자들과 일어나지 않은 환자들의 특성을 비교하고, 대조군과 
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분변이식을 시행한 환자군을 비교함으로써 분변이식의 효능을 

평가하였다. 또한, 분변이식에 따른 피험자 장내세균총의 

변화를 알아보기 위해 수집된 분변 검체 속의 미생물에 대한 

분석을 시행하였다.  

 

결과: 분변이식 후 35명 중 24명(68.6%)의 환자에게 

다제내성세균의 탈집락화가 일어났다. 시험 대상으로 한 세 

종류의 다제내성균 중 카바페네메이즈 생성 장내세균에 대한 

반응이 가장 좋았다. 여러 변수들을 보정하였을 때, 

다제내성균의 종류는 분변이식 여부와 관계 없이 탈집락화에 

유의하게 영향을 주었으며, 대조군 (205일)과 비교하면, 

분변이식 (42일)은 탈집락화까지 걸리는 시간을 상당히 

감소시키는 것으로 나타났다. 탈집락화가 일어난 환자들의 

장내세균총은 그렇지 않은 환자보다 훨씬 다양하고 

풍부하였으며 공여자, 탈집락화가 일어난 환자 및 탈집락화가 

일어나지 않은 환자들 간의 차이가 뚜렷하게 나타났다. 또한, 

Verrucomicrobia 및 Proteobacteria의 비중이 공여자, 

탈집락화가 일어난 환자, 탈집락화가 일어나지 않은 환자 

순으로 증가하였다. 반코마이신 내성 장구균의 탈집락화에 

관여하는 분류학적인 바이오 마커로 Clostridium ramosum, 

Anaerostipes, Eisenbergiella를 추정해 볼 수 있으며, 기능적인 

바이오마커로는 molypbdate 수송 시스템의 ATP 결합 

단백질인 K02017이 가능성이 있다.  

 

결론: 분변이식은 장내 미생물 군집을 복원하여 카바페네메이즈 

생성 장내세균 및 반코마이신 생성 장구균을 탈집락화하는 

효과적인 방법이다.  

                                                             

핵심되는 말 : 분변 이식, 카바페네메이즈 생성 장내세균, 반코

마이신 생성 장구균, 질병 박멸, 장내 세균총 


