
Abstract – Objective: In 10-15% of patients with irritable bowel syndrome (IBS), the onset of symptoms 
follows a gastrointestinal infection or antibiotic use, which may be caused by alterations of the gut microbiota. We 
aimed to evaluate the effect of FMT in patients with post-infectious IBS or antibiotic-induced IBS. 
Materials and Methods:  We performed an open label pilot study (N=10) at the VU University medical center 
in Amsterdam from August 2016 through January 2017. Participants with therapy refractory post-infectious or 
antibiotic-induced IBS, with an IBS-Symptom severity score of at least 175 points were eligible. Donor feces was 
administered via a duodenal tube. Participants were followed for eight weeks via two validated questionnaires: 
IBS-SSS, and IBS-Quality of Life score (IBS-QOL). Fecal samples were obtained before and after FMT for mi-
crobiota analysis. FMT was considered clinically effective if participants reported an IBS-SSS improvement of 
at least 50 points compared to baseline, at eight weeks after FMT. 
Results: FMT was effective in five participants. The median IBS-SSS of all patients improved from 340 (range 
230-480) points at baseline to 205 (range 80-470) at eight weeks after FMT (p=0.008). The median IBS-QOL 
improved from 53% (range 21-77%) to 70% (21-93%) (p=0.008). In general, the microbiota composition of re-
sponders shifted to that of their corresponding donors. Non-responders initially also did, however, eight weeks 
after FMT, the microbiota composition had shifted back towards baseline.
Conclusions: FMT appears as a promising treatment for antibiotic-induced and post-infectious IBS. Based on 
these results, a randomized placebo controlled trial in this specific subgroup of IBS patients is warranted.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder characterized by ab-
dominal pain and discomfort associated with alterations in bowel habits, without underlying 
gastro-intestinal pathology1. IBS strongly impairs quality of life, work productivity, and social 
function2. The estimated worldwide prevalence of IBS in adults is approximately 11%3. 

Although the underlying pathophysiology of IBS is not completely understood, it is 
generally regarded as a multifactorial disorder involving both host, and environmental 
factors. Host factors include an altered gastro-intestinal motility, visceral hypersensitivity, 
low-grade inflammation, a decreased barrier function, and an altered cognitive func-
tion4,5. In recent years, alterations in the gut microbiota have also been linked to the 
pathophysiology of IBS; some studies6,7 have demonstrated changes in microbiota profiles 
in patients with IBS compared to healthy individuals. It is estimated that in about 10% 
of IBS patients, the onset of symptoms follows an episode of gastroenteritis, causing 
post-infectious IBS8. In addition, there is a strong association between IBS and prior use 
of antibiotics9,10. This correlation supports the importance of the gut microbiota in IBS 
pathophysiology, providing a rationale for new treatment strategies targeting the gut mi-
crobiota, like Fecal Microbiota Transplantation (FMT)11-13. FMT is defined as the transfer of 
fecal bacteria from a healthy individual into a recipient via a duodenal tube, colonoscopy, 
enema, or capsules. Effects of FMT rely on restoration of a disturbed intestinal microbiota 
by the healthy, balanced, donor feces. To date, results from RCTs have been conflicting14-19. 
We only included patients with post-infection or antibiotic induced IBS, because in these 
patients it is likely that they’ve developed symptoms as a direct consequence of an altered 
gut microbiota. The primary aim of this pilot study was to evaluate the effect of FMT in 
post-infectious and antibiotic-induced IBS.

PATIENTS AND METHODS

General Study Outline

From August 2016 through January 2017, we performed an open label pilot study at the VU 
University medical center (VUmc; Amsterdam, The Netherlands), to evaluate the effect of 
FMT in patients with post-infectious or antibiotic-induced IBS. The study was approved by the 
Medical Ethics Committee of the VUmc. All participants provided written informed consent. 

Study Population

Participants (≥18 years) diagnosed with therapy refractory post-infectious or antibiotic-in-
duced IBS as defined by the ROME III criteria, with clinical symptoms lasting over six months, 
an IBS-symptom severity score (IBS-SSS) of at least 175 points, and a negative screening for 
gastrointestinal pathology (e.g., celiac disease, Crohn’s disease, ulcerative colitis) were eligi-
ble20,21. Pregnancy and chronic use of antibiotics were exclusion criteria. If the participant had 
any acute medical condition on the day of FMT, the donor feces infusion was rescheduled. 
Participants were followed for a period of eight weeks. 

Donor Feces

Donor feces suspensions were provided by the Netherlands Donor Feces Bank (NDFB; www.
ndfb.nl)22. The donor-screening, feces collection, preparation, and storage of the donor fe-
ces suspension was described previously22. In summary, the NDFB recruits healthy volunteers 
(18-50 years old), with a body mass index between 18.5 and 25 kg/m2. All donors are exten-
sively screened by a questionnaire and personal interview concerning risk factors affecting 
general health or composition of the intestinal microbiota. Blood and feces are screened to 
identify potential pathogens transmissible by stool infusion. The collected feces (60 gram) is 

http://www.ndfb.nl
http://www.ndfb.nl
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homogenized with saline, sieved, and subsequently concentrated by centrifugation. Glycerol 
is added as cryoprotectant. All donor feces suspensions are stored at -80°C, and placed in 
quarantine for two months, until the donor has passed a second set of clinical, serological, 
and stool screening. A donor feces suspension is only released for clinical use after the donor 
has successfully passed the second screening. Donor feces of four different donors was used.

Fecal Microbiota Transplantation

On the day of FMT, a duodenal tube was placed through duodenoscopy. The donor feces 
solution was slowly administered through the duodenal tube. Participants did not receive 
pre-treatment or bowel lavage before FMT. One week after FMT, patients were questioned 
about the occurrence of short-term adverse events of FMT (e.g., diarrhea, abdominal cramps, 
nausea, vomiting), using a structured questionnaire provided by the NDFB.

Data Collection and Follow-up

Clinical outcome was assessed with two validated questionnaires: the IBS-SSS and IBS-Quality 
of Life score (IBS-QOL), conducted at baseline, and two, four, and eight weeks after FMT. The 
IBS-SSS evaluates the intensity of IBS symptoms during a 10 day period: abdominal pain (se-
verity and duration), distension, satisfaction about bowel habit, and interference with life in 
general21. Each of the five questions generates a score from 10 to 100 points, leading to a to-
tal possible maximum score of 500 points. The IBS-QOL questionnaire includes 34 questions, 
each with a five-point scale. Total IBS-QOL scores were transformed to a 0-100 scale. A higher 
score indicated a better IBS specific quality of life. 

Participants collected fecal samples at home one day before FMT, and two and eight weeks 
after FMT. Samples were immediately (at least within 30 minutes after defecation) stored in 
a container provided by the microbiology laboratory in the participants’ own freezer. On the 
day of FMT, an aliquot of the donor feces suspension was also collected, and stored at -20°C. 
Eight weeks after FMT an outpatient follow-up visit was scheduled to discuss the effect of 
FMT. During this visit, participants also delivered their collected stool samples (samples re-
mained frozen during transport and were immediately stored at -20°C).

Data Analysis

Total individual IBS-SSS scores before and after treatment were compared to determine treat-
ment response. FMT was considered clinically effective if participants reported an IBS-SSS 
improvement of at least 50 points compared to baseline, at eight weeks after FMT (respond-
er)21,23. Wilcoxon signed-rank test was applied for paired nonparametric data, such as the 
IBS-SSS of all participants before and after FMT. Statistical analysis was performed using SPSS 
Statistics version 22 (IBM Corp., Armonk, NY, USA).

Analysis of Fecal Microbiota

Changes in microbiota composition, and microbiota diversity were analyzed with IS-pro, a mi-
crobiota profiling technique, based on the identification of species-specific length polymor-
phisms of the 16S-23S rDNA interspacer (IS) region, and phylum specific sequence polymor-
phisms of 16S rDNA24. DNA was extracted from the fecal samples with the easyMag extraction 
kit according to the manufacturer’s instructions (Biomerieux, Marcy L’Etoile, France)24. Isolat-
ed DNA was analyzed with the IS-pro assay (IS-Diagnostics, Amsterdam, The Netherlands) 
according to the protocol provided by the manufacturer, as described previously24,25. Dissim-
ilarities between sample compositions of the donor and recipients were calculated as the 
cosine distance between each pair of samples26. Diversity of fecal samples was calculated by 
the Shannon diversity index27.
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Several studies have examined the shift in microbiota profile towards that of the donor as 
a potential marker for clinical success. Shifts in microbiota profiles were calculated as the ratio 
between cosine distance of donor to recipient at baseline and the cosine distance of donor to 
recipient at 2 or 8 weeks after FMT:

 cosine distance donor to recipient at baseline
Shift of microbiota =  —————————————————————————————————
   cosine distance donor to recipient at 2 or 8 weeks after FMT

A value of 1 indicated that the cosine distance between donor and recipient did not have 
changed two or eight weeks after FMT. A microbiota shift >1 corresponds with more similar-
ity to donor communities.

RESULTS

Baseline Characteristics

From August 2016 through January 2017, five participants with post-infectious, and five partici-
pants with antibiotic-induced IBS were enrolled (Table 1). The participants had a median age of 
38 years (range 22-58 years). The participants with antibiotic-induced IBS had a median IBS-SSS 
of 350 (range 280-480), and a median IBS-QOL score of 45% (range 21-60%). The participants 
with post-infectious IBS had a median IBS-SSS of 270 (range 230-370), and a median IBS-QOL 
score of 60% (range 49-77%). The duration of IBS symptoms ranged from 2 to 28 years. 

Outcome

The primary outcome, being an IBS-SSS improvement of at least 50 points compared to base-
line at eight weeks after FMT, was achieved in three patients with antibiotic-induced IBS 
and two patients with post-infectious IBS (50 to 290 points IBS-SSS improvement). Changes 
in IBS-SSS and IBS-QOL are shown in Figure 1. The median IBS-SSS of all patients improved 
from 340 (range 230-480) points at baseline to 205 (range 80-470) at eight weeks after FMT 
(p = 0.008). The median IBS-QOL improved from 53% (range 21-77%) to 70% (21-93%) (p = 

TABLE 1. BASELINE CHARACTERISTICS. 

# Age Gender BMI IBS Etiology Duration of  Symptoms IBS- IBS-
    medication IBS symptoms IBS SSS QOL
 

 1 43 Male 21.0 None AB 26 Constipation 370 60%
  2 33 Male 26.0 Probiotics AB   9 Mixed 350 25%
  3 32 Male 20.9 Amitriptyline PI   5 Diarrhea 330 66%
  4 22 Male 22.8 Fibers AB   4 Diarrhea 280 45%
    Probiotics
  5 23 Female 17.1 None PI   6 Diarrhea 370 49%
  6 45 Female 21.5 Probiotics PI 28 Constipation 230 60%
    Iodine 
  7 54 Male 26.5 Probiotics PI 20 Diarrhea 250 57%
  8 53 Male 32.1 None AB 22 Diarrhea 480 21%
  9 30 Male 24.3 None AB   3 Mixed 350 46%
10 58 Female 22.0 None PI   2 Diarrhea 270 77%

 Scales: IBS-SSS: 50 (no symptoms) – 500 (severe symptoms); IBS-QOL: 0% (poor IBS specific quality of life) – 
100% (good IBS specific quality of life). Abbreviations: IBS: irritable bowel syndrome; IBS-SSS: IBS symptom 
severity score; IBS-QOL: IBS quality of life score; BMI: body mass index in kg/m2; AB: antibiotic-induced IBS; 
PI: post-infectious IBS.
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0.008). Also the severity of abdominal pain (p = 0.039), satisfaction about bowel habit (p = 
0.018), and influence of IBS symptoms on daily life (p = 0.011) improved (Appendix A). There 
was no difference in bloating, or number of days with abdominal pain. FMT via a duodenal 
tube was well tolerated, and except for bloating, abdominal cramps, and nausea shortly and 
temporarily after FMT (self-limiting), no serious adverse events were reported.

Microbiota Analysis

Fecal microbiota analysis showed that the microbiota composition of most participants had 
shifted to that of their corresponding donor two weeks after FMT (Figure 2A). However, 
while in clinical responders this microbiota shift towards the donor profile continued (i.e., 
similarity to donor communities) between the two- and eight-week time point, in non-re-
sponders this shift was transient. Of note, at baseline, the cosine distance between donor and 
recipient of responders and non-responders did not differ (Figure 2B).

Four different donors were used in this pilot study. Three patients were treated with feces 
from donor 1; three from donor 2; two from donor 3; and two from donor 4. Interestingly, 
treatment with donor feces from donor 2 was successful in all three patients (Figure 2A). 
Compared with the other donors, donor 2 had a higher average total load of bacteria per 100 
mg donor feces suspension (Figure 3). Especially Firmicutes and Proteobacteria were present 
in higher abundance. In addition, it should be noted that both patients who received donor 
feces from donor 3 did not respond to FMT; donor 3 had the lowest total bacteria load. 

The Shannon diversity index of donors was higher than that of the participants at baseline 
(Figure 4). However, there were no major differences between participants at baseline and 
eight weeks after FMT. Importantly, in our cohort, changes in microbiota diversity did not 
seem to be associated with treatment response.

Figure 1. Changes in raw IBS symptom severity score and IBS Quality of Life score at 8 weeks 
after FMT. Statistical analysis performed with Wilcoxon’s signed rank test. Green lines: re-
sponders (≥50 points improvement on the IBS symptom severity score); red lines: non-re-
sponders. Continuous lines: antibiotic induced IBS; dotted lines: post-infectious IBS.
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DISCUSSION

In this small open label pilot study of 10 patients with post-infectious or antibiotic-induced 
IBS, treatment with a single FMT (including 60 g of feces) administered through a duodenal 
tube resulted in clinical response in 5/10 participants. The median IBS-SSS of all participants 
improved with 40%; the IBS-specific quality of life with 17%. Microbiota analysis showed that 
clinical response to FMT was associated with a continued shift towards donor communities at 
eight weeks after FMT. Interestingly, all patients who received FMT from donor 2 were cured. 
This donor had a higher total load of bacteria, and caused a bigger change in the recipient’s 
microbiota than the other donors. From this result it may be hypothesized that effectiveness 
of donor microbiota may be related to the absolute amount of bacteria transferred. This 

Appendix A. Changes in specific IBS related symptoms at 8 weeks after FMT. Statistical analy-
sis performed with Wilcoxon’s signed rank test. Green lines: responders (≥50 points improve-
ment on the IBS symptom severity score); red lines: non-responders. Continuous lines: antibi-
otic induced IBS; dotted lines: post-infectious IBS.



7

FECAL MICROBIOTA TRANSPLANTATION FOR IBS

hypothesis is supported by the findings of a recent double blind, placebo controlled RCT, in 
which they compared the treatment effect of 30 g FMT to 60 g FMT14,28. El-Salhy et al14 con-
cluded that the response rate was higher, and the effect stronger in patients who received 60 
g transplants. In a second study, 10 patients not responding to a 30 g transplant were treated 
with a 60 g transplant. Seventy percent responded to the 60 g transplant, which suggests that 
the effect of FMT in IBS could be dose related28. 

It should be noted that in our study all three patients who received FMT from donor 2 
belonged to the IBS-diarrhea group. This is in contrast with the results of the double-blind, 
placebo-controlled RCT conducted by Aroniadis et al19, who reported no symptom relief at 12 
weeks post FMT in patients with diarrhea-predominant IBS. However, Aroniadis et al19 treated 
their patients with FMT capsules containing a total of 28.5 g of feces. The low amount of fe-
ces could have influenced their results. In the studies of El-Salhy et al14 no differences in effect 
rate between IBS-C and IBS-D patients was observed.

To date, four other RCTs have been published for FMT in IBS, reporting mixed results (in-
cluding two abstracts not yet published as full manuscripts)15-18. In two of these RCTs donor 
FMT was associated with improvement of IBS symptoms 3 months post FMT15,17. However, in 
the other two RCTs donor FMT was not associated with a significant improvement of symp-
toms16,18. In a recent meta-analysis, published by Xu and colleagues, an overall clinical re-
sponse rate of 49% (75/152) at 12 weeks post donor FMT was reported; in patients assigned 
to placebo the overall clinical response rate was 51% (52/102)29. However, it is difficult to 
compare our results with previous reported results due to differences in numbers of patients 
included, the route of delivery, amount and type (fresh or frozen) of donor feces used, the 
use or not of bowel lavage prior to FMT, and the donors used.

Previous studies4,30-39 of the gut microbiota in IBS patients report alterations in the com-
position of the gut microbiota compared to healthy controls. Nonetheless, even though gut 
microbiota alterations seem to exist in IBS, results are inconsistent (sometimes even conflict-
ing), and to date no uniform gut microbiota pattern in IBS patients has been shown4,6. This 
also highlights the difficulty in finding robust microbiota markers associated with clinical 
symptoms of IBS4,40. Several studies41-43 have examined the shift in microbiota profile towards 
that of the donor as a potential marker for clinical success. In our study, FMT generally result-
ed in a shift toward the donor microbiota in the first two weeks after FMT. However, in the 
responders this shift was sustained between the two- and eight-week time point, while it was 

Figure 2. The extent of microbiota shifts towards the donor microbiota profile in responders 
and non-responders at 2 and 8 weeks after FMT. Microbiota shift is calculated as the ratio 
between cosine distance of donor to recipient at baseline, and the cosine distance of donor 
to recipient at 2 or 8 weeks after FMT. A higher (>1) value corresponds with more similarity to 
donor microbiota (A). Cosine distance between donor and recipient at baseline of responders 
and non-responders (B). Abbreviations: FMT: fecal microbiota transplantation.
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transient in the non-responders. This finding suggests that in patients with post-infection or 
antibiotic induced IBS, efficacy of FMT may be associated with continued shift towards donor 
communities. Halkjaer et al18 also reported a microbiota shift after FMT. However, this seemed 
not directly related to treatment response as in their study patients treated with placebo did 
report a better treatment response without a relevant microbiota shift. Overall, in our partic-
ipants, the Shannon diversity index before FMT was lower than that of the donors. However, 
changes in Shannon diversity did not seem to be associated with treatment response in our 
small cohort which is consistent with the results of El-Salhy et al14.

The major limitation of our study is the open label design with small sample size. Previous 
published results suggest a significant placebo effect. This underlines that more and larger 
double-blind, placebo-controlled trials are necessary to provide clear answers about the ef-
ficacy of FMT in (post-infectious and antibiotic-induced) IBS, the factors predicting positive 
outcome, and the mechanisms behind any potential improvement of symptoms. 

CONCLUSIONS

In conclusion, our pilot study provides further insight into the microbiota changes following 
FMT, and its efficacy for post-infection and antibiotic induced IBS. This pilot study showed 
that sustained change towards donor microbiota seems to be associated with better outcome 
of FMT in IBS patients. Furthermore, this study suggests that effectiveness of FMT could be 
donor-dependent and may be related to the absolute number of bacteria transferred. Large 
randomized, placebo controlled trials, including a specific subgroup of IBS patients to mini-
mize heterogeneity, are needed to determine treatment effect, and to provide more reliable 
analyses of the association between clinical IBS symptoms, and microbiota composition. Ad-
ditionally a randomized trial comparing FMT with and without bowel lavage is warranted. 

Figure 3. Average total bacterial load of all phyla, and distribution of phyla in donor fecal 
samples. Abbreviations: RFU: relative fluorescence units; FAFV: Firmicutes, Actinobacteria, 
Fusobacteria, Verrucomicrobia.



9

FECAL MICROBIOTA TRANSPLANTATION FOR IBS

Funding Acknowledgements

The Netherlands Donor Feces Bank was founded with a grant of the Netherlands Organization for Health Re-
search and Development, ZonMW (VIMP number 1708810011). The NDFB received an unrestricted grant from 
Vedanta Biosciences.

Author Contributions

YB, CVG, and CM conceptualized the pilot with input from ET, and JK. ET was involved in donor selection proce-
dures. YB and CM were involved in patient recruitment, treatment and follow-up, AB performed the microbiota 
analysis. YB drafted the initial manuscript. ET, and  JK revised the manuscript. AB, CM, and CVG extensively re-
viewed and revised the manuscript.

Conflict of interest

A.E. Budding has proprietary rights to the IS-pro technique, and is co-owner of the spin-off company IS-diagnos-
tics. The other authors declare that they have no conflicts of interest.

REFERENCES

 1. Drossman DA, Hasler WL. Rome IV-functional GI disorders: disorders of gut-brain interaction. Gastroenterolo-
gy 2016; 150: 1257-1261.

 2. Almquist E, Tornblom H, Simren M. Practical management of irritable bowel syndrome: a clinical review. Min-
erva Gastroenterol Dietol 2016; 62: 30-48.

 3. Lovell RM, Ford AC. Global prevalence of and risk factors for irritable bowel syndrome: a meta-analysis. Clin 
Gastroenterol Hepatol 2012; 10: 712-721.e714.

 4. Rajilic-Stojanovic M, Jonkers DM, Salonen A, Hanevik K, Raes J, Jalanka J, de Vos WM, Manichanh C, Golic N, 
Enck P, Philippou E, Iraqi FA, Clarke G, Spiller RC , Penders J. Intestinal microbiota and diet in IBS: causes, con-
sequences, or epiphenomena? Am J Gastroenterol 2015; 110: 278-287.

Figure 4. Microbiota diversity (Shannon diversity index) of donors and recipients. Statistical 
analysis performed with Wilcoxon’s signed rank test (difference in Shannon diversity index 
between donor and recipient at baseline; differences between Shannon diversity index of 
recipients at baseline, two weeks, and eight weeks after FMT). Abbreviations: FMT: fecal mi-
crobiota transplantation.



Y. H. van Beurden, A. E. Budding, E. M. Terveer, J. J. Keller,, C. M. J. E. Vandenbroucke-Grauls, C. J. J. Mulder

10

 5. Camilleri M, Lasch K, Zhou W. Irritable bowel syndrome: methods, mechanisms, and pathophysiology. The 
confluence of increased permeability, inflammation, and pain in irritable bowel syndrome. Am J Physiol Gas-
trointest Liver Physiol 2012; 303: G775-7G85.

 6. Distrutti E, Monaldi L, Ricci P, Fiorucci S. Gut microbiota role in irritable bowel syndrome: New therapeutic 
strategies. World J Gastroenterol 2016; 22: 2219-2241.

 7. Simren M, Barbara G, Flint HJ, Spiegel BM, Spiller RC, Vanner S, Verdu EF, Whorwell PJ, Zoetendal EG, Rome 
Foundation C. Intestinal microbiota in functional bowel disorders: a Rome foundation report. Gut 2013; 62: 
159-176.

 8. Thabane M, Kottachchi DT, Marshall JK. Systematic review and meta-analysis: the incidence and prognosis of 
post-infectious irritable bowel syndrome. Aliment Pharmacol Ther 2007; 26: 535-544.

 9. Ianiro G, Tilg H, Gasbarrini A. Antibiotics as deep modulators of gut microbiota: between good and evil. Gut 
2016; 

10. Villarreal AA, Aberger FJ, Benrud R , Gundrum JD. Use of broad-spectrum antibiotics and the development of 
irritable bowel syndrome. WMJ 2012; 111: 17-20.

11. van Nood E, Vrieze A, Nieuwdorp M, Fuentes S, Zoetendal EG, de Vos WM, Visser CE, Kuijper EJ, Bartelsman 
JFWM, Tijssen JGP, Speelman P, Dijkgraaf MGW , Keller JJ. Duodenal infusion of donor feces for recurrent Clos-
tridium difficile. N Engl J. Med 2013; 368: 407-415.

12. Youngster I, Sauk J, Pindar C, Wilson RG, Kaplan JL, Smith MB, Alm EJ, Gevers D, Russell GH , Hohmann EL. Fe-
cal microbiota transplant for relapsing Clostridium difficile infection using a frozen inoculum from unrelated 
donors: a randomized, open-label, controlled pilot study. Clin Infect Dis 2014; 58: 1515-1522.

13. Jiang ZD, Ajami NJ, Petrosino JF, Jun G, Hanis CL, Shah M, Hochman L, Ankoma-Sey V, DuPont AW, Wong 
MC, Alexander A, Ke S , DuPont HL. Randomised clinical trial: faecal microbiota transplantation for recurrent 
Clostridum difficile infection-fresh, or frozen, or lyophilised microbiota from a small pool of healthy donors 
delivered by colonoscopy. Aliment Pharmacol Ther 2017; 45: 899-908.

14. El-Salhy M, Hatlebakk JG, Gilja OH, Brathen Kristoffersen A, Hausken T. Efficacy of faecal microbiota trans-
plantation for patients with irritable bowel syndrome in a randomised, double-blind, placebo-controlled 
study. Gut 2019; 69: 859-867.

15. Holvoet T, Joossens M, Jerina B, Christiaens E, Heyerick L, Verhasselt B, De Vos M, Hindryckx P, Raes J, De Looze 
D. Fecal microbiota transplantation in irritable bowel syndrome with predominant abdominal bloating: results 
from a double blind, placebo-controlled clinical trial. Gastroenterology 2018; 154: S130.

16. Holster S, Brummer RJ, Repsilber D, König J. Fecal microbiota transplantation in irritable bowel syndrome and 
a randomized placebo-controlled trial. Gastroenterology 2017; 152: S101-S102.

17. Johnsen PH, Hilpusch F, Cavanagh JP, Leikanger IS, Kolstad C, Valle PC, Goll R. Faecal microbiota transplan-
tation versus placebo for moderate-to-severe irritable bowel syndrome: a double-blind, randomised, place-
bo-controlled, parallel-group, single-centre trial. Lancet Gastroenterol Hepatol 2018; 3: 17-24.

18. Halkjaer SI, Christensen AH, Lo BZS, Browne PD, Gunther S, Hansen LH, Petersen AM. Faecal microbiota trans-
plantation alters gut microbiota in patients with irritable bowel syndrome: results from a randomised, dou-
ble-blind placebo-controlled study. Gut 2018; 67: 2107-2115.

19. Aroniadis OC, Brandt LJ, Oneto C, Feuerstadt P, Sherman A, Wolkoff AW, Kassam Z, Sadovsky RG, Elliott RJ, 
Budree S, Kim M , Keller MJ. Faecal microbiota transplantation for diarrhoea-predominant irritable bowel syn-
drome: a double-blind, randomised, placebo-controlled trial. Lancet Gastroenterol Hepatol 2019; 4: 675-685.

20. Drossman DA. The functional gastrointestinal disorders and the Rome III process. Gastroenterology 2006; 130: 
1377-1390.

21. Francis CY, Morris J , Whorwell PJ. The irritable bowel severity scoring system: a simple method of monitoring 
irritable bowel syndrome and its progress. Aliment Pharmacol Ther 1997; 11: 395-402.

22. Terveer EM, van Beurden YH, Goorhuis A, Seegers J, Bauer MP, van Nood E, Dijkgraaf MGW, Mulder CJJ, Van-
denbroucke-Grauls C, Verspaget HW, Keller JJ, Kuijper EJ. How to: establish and run a stool bank. Clin Micro-
biol Infect 2017; 23: 924-930.

23. Drossman DA, Chang L, Bellamy N, Gallo-Torres HE, Lembo A, Mearin F, Norton NJ , Whorwell P. Severity in 
irritable bowel syndrome: a Rome Foundation Working Team report. Am J Gastroenterol 2011; 106: 1749-1759; 
quiz 1760.

24. Budding AE, Grasman ME, Lin F, Bogaards JA, Soeltan-Kaersenhout DJ, Vandenbroucke-Grauls CMJE, van Bo-
degraven AA , Savelkoul PHM. IS-pro: high-throughput molecular fingerprinting of the intestinal microbiota. 
FASEB J 2010; 24: 4556-4564.

25. de Meij TG, Budding AE, de Groot EF, Jansen FM, Frank Kneepkens CM, Benninga MA, Penders J, van Bode-
graven AA , Savelkoul PH. Composition and stability of intestinal microbiota of healthy children within a Dutch 
population. FASEB J 2016; 30: 1512-1522.

26. Daniels L, Budding AE, de Korte N, Eck A, Bogaards JA, Stockmann HB, Consten EC, Savelkoul PH, Boermeester 
MA. Fecal microbiome analysis as a diagnostic test for diverticulitis. Eur J Clin MicrobiolnInfect Dis 2014; 33: 
1927-1936.

27. Haegeman B, Hamelin J, Moriarty J, Neal P, Dushoff J, Weitz JS. Robust estimation of microbial diversity in 
theory and in practice. ISME J 2013; 7: 1092-1101.

28. El-Salhy M, Hausken T, Hatlebakk JG. Increasing the Dose and/or Repeating Faecal Microbiota Transplantation 
(FMT) Increases the Response in Patients with Irritable Bowel Syndrome. Nutrients 2019; 11: 1415.

29. Xu D, Chen VL, Steiner CA, Berinstein JA, Eswaran S, Waljee AK, Higgins PDR, Owyang C. Efficacy of Fecal 
Microbiota Transplantation in Irritable Bowel Syndrome: A Systematic Review and Meta-Analysis. Am J Gas-
troenterol 2019; 114: 1043-1050.

30. Jeffery IB, O’Toole PW, Ohman L, Claesson MJ, Deane J, Quigley EM , Simren M. An irritable bowel syndrome 
subtype defined by species-specific alterations in faecal microbiota. Gut 2012; 61: 997-1006.



11

FECAL MICROBIOTA TRANSPLANTATION FOR IBS

31. Rajilic-Stojanovic M, Biagi E, Heilig HGHJ, Kajander K, Kekkonen RA, Tims S, de Vos WM. Global and deep 
molecular analysis of microbiota signatures in fecal samples from patients with irritable bowel syndrome. 
Gastroenterology 2011; 141: 1792-1801.

32. Salonen A, de Vos WM, Palva A. Gastrointestinal microbiota in irritable bowel syndrome: present state and 
perspectives. Microbiology 2010; 156: 3205-3215.

33. Krogius-Kurikka L, Lyra A, Malinen E, Aarnikunnas J, Tuimala J, Paulin L, Makivuokko H, Kajander K, Palva A. 
Microbial community analysis reveals high level phylogenetic alterations in the overall gastrointestinal micro-
biota of diarrhoea-predominant irritable bowel syndrome sufferers. BMC Gastroenterol 2009; 9: 95.

34. Malinen E, Rinttila T, Kajander K, Matto J, Kassinen A, Krogius L, Saarela M, Korpela R , Palva A. Analysis of the 
fecal microbiota of irritable bowel syndrome patients and healthy controls with real-time PCR. Am J Gastroen-
terol 2005; 100: 373-382.

35. Si JM, Yu YC, Fan YJ , Chen SJ. Intestinal microecology and quality of life in irritable bowel syndrome patients. 
World J Gastroenterol 2004; 10: 1802-1805.

36. Kerckhoffs AP, Samsom M, van der Rest ME, de Vogel J, Knol J, Ben-Amor K, Akkermans LM. Lower Bifidobac-
teria counts in both duodenal mucosa-associated and fecal microbiota in irritable bowel syndrome patients. 
World J Gastroenterol 2009; 15: 2887-2892.

37. Carroll IM, Ringel-Kulka T, Keku TO, Chang YH, Packey CD, Sartor RB, Ringel Y. Molecular analysis of the lu-
minal- and mucosal-associated intestinal microbiota in diarrhea-predominant irritable bowel syndrome. Am J 
Physiol Gastrointest Liver Physiol 2011; 301: G799-G807.

38. Codling C, O’Mahony L, Shanahan F, Quigley EM , Marchesi JR. A molecular analysis of fecal and mucosal bac-
terial communities in irritable bowel syndrome. Dig Dis Sci 2010; 55: 392-397.

39. Carroll IM, Ringel-Kulka T, Siddle JP, Ringel Y. Alterations in composition and diversity of the intestinal micro-
biota in patients with diarrhea-predominant irritable bowel syndrome. Neurogastroenterol Motil 2012; 24: 
521-530, e248.

40. Tap J, Derrien M, Tornblom H, Brazeilles R, Cools-Portier S, Dore J, Storsrud S, Le Neve B, Ohman L , Simren 
M. Identification of an Intestinal Microbiota Signature Associated With Severity of Irritable Bowel Syndrome. 
Gastroenterology 2017; 152: 111-123.e8.

41. Weingarden A, Gonzalez A, Vazquez-Baeza Y, Weiss S, Humphry G, Berg-Lyons D, Knights D, Unno T, Bobr A, 
Kang J, Khoruts A, Knight R , Sadowsky MJ. Dynamic changes in short- and long-term bacterial composition 
following fecal microbiota transplantation for recurrent Clostridium difficile infection. Microbiome 2015; 3: 
10.

42. Seekatz AM, Aas J, Gessert CE, Rubin TA, Saman DM, Bakken JS , Young VB. Recovery of the gut microbiome 
following fecal microbiota transplantation. MBio 2014; 5: e00893-00814.

43. Angelberger S, Reinisch W, Makristathis A, Lichtenberger C, Dejaco C, Papay P, Novacek G, Trauner M, Loy A , 
Berry D. Temporal bacterial community dynamics vary among ulcerative colitis patients after fecal microbiota 
transplantation. Am J Gastroenterol 2013; 108: 1620-1630.


