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Observational Study
Awareness and attitude of fecal microbiota transplantation through transendoscopic enteral tubing among inflammatory bowel disease patients
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Abstract
BACKGROUND
Transendoscopic enteral tubing (TET) has been used in China as a novel delivery route for fecal microbiota transplantation (FMT) into the whole colon with a high degree of patient satisfaction among adults. 

AIM
To explore the recognition and attitudes of FMT through TET in patients with inflammatory bowel disease (IBD).

METHODS
An anonymous questionnaire, evaluating their awareness and attitudes toward FMT and TET was distributed among IBD patients in two provinces of Eastern and Southwestern China. Question formats included single-choice questions, multiple-choice questions and sorting questions. Patients who had not undergone FMT were mainly investigated for their cognition and acceptance of FMT and TET. Patients who had experience of FMT, the way they underwent FMT and acceptance of TET were the main interest. Then all the patients were asked whether they would recommend FMT and TET. This study also analyzed the preference of FMT delivery in IBD patients and the patient-related factors associated with it. 

RESULTS
A total of 620 eligible questionnaires were included in the analysis. The survey showed that 44.6% (228/511) of patients did not know that FMT is a therapeutic option in IBD, and 80.6% (412/511) of them did not know the concept of TET. More than half (63.2%, 323/511) of the participants stated that they would agree to undergo FMT through TET. Of the patients who underwent FMT via TET [62.4% (68/109)], the majority [95.6% (65/68)] of them were satisfied with TET. Patients who had undergone FMT and TET were more likely to recommend FMT than patients who had not (94.5% vs 86.3%, P = 0.018 and 98.5% vs 87.8%, P = 0.017). Patients’ choice for the delivery way of FMT would be affected by the type of disease and whether the patient had the experience of FMT. When compared to patients without experience of FMT, Crohn’s disease and ulcerative colitis patients who had experience of FMT preferred mid-gut TET (P < 0.001) and colonic TET (P < 0.001), respectively.

CONCLUSION
Patients’ experience of FMT through TET lead them to maintain a positive attitude towards FMT. The present findings highlighted the significance of patient education on FMT and TET. 
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Core tip: Fecal microbiota transplantation (FMT) has shown its therapeutic potential in inflammatory bowel disease. Transendoscopic enteral tubing (TET) has been used in China as a novel delivery route for FMT. Perception and attitude towards FMT and TET by physicians and patients play an important role in determining its acceptability. We investigated Chinese inflammatory bowel disease patients’ attitude towards FMT and TET and also examined their preference of FMT delivery. This is the first large-scale study of inflammatory bowel disease patients’ perceptions and attitude towards FMT and TET in an Asian country.


INTRODUCTION
[bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK14][bookmark: OLE_LINK13]The prevalence of inflammatory bowel disease (IBD) continues to increase steadily in Western countries and has a rapidly increasing incidence in China[1,2]. Fecal microbiota transplantation (FMT) has shown its therapeutic potential in IBD[3-6]. The rate of clinical response in randomized controlled trials involving FMT in ulcerative colitis (UC) ranged between 39% and 55%[6-9]. Since the first case of severe Crohn’s disease (CD) treated with FMT through the mid-gut[10], another large study has shown that multiple fresh FMTs were effective to induce and maintain clinical remission in CD with intraabdominal inflammatory mass[4]. The concept of FMT was traced back in China to at least 1700 years ago[11] in which the gut microbiota was transferred from healthy people to the patients to treat dysbiosis related diseases[12], such as metabolic syndrome[13], gut-brain axis-related diseases[14] and even hypertension[15]. However, the efficacy and safety reports by different research centers varied due to many reasons including the methodology of preparation of fecal microbiota and the delivery way of FMT[3,6,16]. These controversial reports might be the evidence for questioning the scientific basis of gut microbiome studies and criticizing that many of them are farfetched[17]. Therefore, the useful delivery of microbiota to gut is the core issue to result in the real efficacy of FMT.
[bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK4][bookmark: OLE_LINK3][bookmark: OLE_LINK17]Ding et al[3] reported that a lower rate of FMT-related adverse events was found in patients with colonic transendoscopic enteral tubing (TET) as the delivery method. TET is the latest progression on FMT delivery way, including the mid-gut/naso-jejunal TET and colonic TET[18,19]. The tiny colonic TET tube is fixed onto the wall by clips after it is inserted into the cecum through the endoscopic channel. It has been a safe and convenient procedure for multiple FMTs and colonic medication administration with a high degree of satisfaction among adult patients[3,18]. 
A new clinical therapeutic application depends not only on its efficacy but also on the recognition and attitudes of physicians and patients. Ren et al[20] reported that Chinese physicians have a high awareness and acceptance of FMT, and one of the physicians’ greatest concerns was patient acceptability. Previous studies in our center have shown that the clinical efficacy of FMT maintains a positive attitude among CD patients[21]. However, there has been no large-scale survey that focuses on the recognition and attitude of IBD patients toward FMT and TET in China. This survey aimed to demonstrate the current attitudes of Chinese IBD patients toward FMT through TET and further provide recommendations for physicians.

[bookmark: OLE_LINK19][bookmark: OLE_LINK18]MATERIALS AND METHODS
Study design, setting and participants
[bookmark: OLE_LINK6][bookmark: OLE_LINK5]A questionnaire survey among the IBD patients were conducted in three centers, including the Second Affiliated Hospital of Nanjing Medical University, the Affiliated Huaian No. 1 People’s Hospital of Nanjing Medical University and the First Affiliated Hospital of Kunming Medical University. Questionnaires were distributed by electronic form to 652 patients from April 2019 to November 2019. They completed the questionnaires voluntarily under anonymous and uncompensated conditions. In this article, we use ‘patients’ and ‘participants’ interchangeably to refer to the respondents. This study was approved by the institutional ethical review board.

[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Questionnaire design
[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK22][bookmark: OLE_LINK23]An anonymous questionnaire was developed according to our experiences in performing FMT and TET (partially detailed in Supplementary Table 1). Question format included single choice, multiple choice and sorting questions. After the questions on patients’ demographics (age, gender, etc), and disease characteristics (disease category, self-reported disease severity, etc), patients were asked about the experience of FMT. In particular, the participants were divided into two groups: (1) Group 1: patients without experience of FMT; and (2) Group 2: patients with experience of FMT. The flow chart of the questionnaire is shown in Figure 1.

Statistical analysis
Data collection and its statistical analysis were carried out using the SPSS software system (SPSS for Windows, Version 23.0, SPSS Inc., Chicago, IL, United States). The general knowledge and attitude towards the FMT and TET were compared with the use of multivariate analysis, Pearson Chi-square test or Fisher’s exact test. Qualitative variables were expressed as percentages, whereas quantitative variables were expressed as a median. For all analyses, P < 0.05 was considered statistically significant.

RESULTS
Patients’ characteristics
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In total, 652 surveys were returned and 620 were qualified for analysis (32 questionnaires with missing items) yielding an effective rate of 95.1%. Patients’ ranged in age from 14 years to 76 years (median: 35 years), and 30 patients were below 18-years-old at the time of the study (completed under parents’ guidance). Among them, 109 (17.6%) patients had undergone FMT (Table 1).

Questions on fecal microbiota transplant
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Nearly half of participants (44.6%, 228/511) with no experience of FMT were unaware of FMT. Of them, CD patients (144/211) showed significantly higher awareness of FMT when compared to UC patients (115/260) (P = 0.012, odds ratio (OR) = 0.369, 95% confidence interval (CI): 0.25-0.54). Figure 2A showed the different approaches for patients to learn about FMT. Mass media (36.2%) and physician’s recommendation (21.1%) were the most common sources of information. In all, 61.5% of patients (314/511) supported FMT based on their current state of knowledge, whereas 35.6% (182/511) were not sure about it. The main reasons for patients supporting FMT or not were displayed in Figure 3A and 3B. UC patients showed a higher percentage of willingness to undergo FMT than CD patients (51.9% vs 39.2%, P = 0.03). No other significant difference was found based on gender, disease category, level of education, medical professional, family history of IBD or disease severity. 
In the present study, 86.3% (441/511) of the patients agreed to recommend FMT as a treatment for IBD to others. Whereas, the relevant analysis showed that patients in Group 2 were more likely to recommend FMT than those in Group 1 (94.5% vs 86.3%, P = 0.018). Multivariate analysis showed that no significant difference was observed in gender (male vs female), disease category (CD vs UC) and disease severity (mild vs severe) parameters. In addition, patients who had undergone TET showed a more positive attitude toward FMT than patients who never underwent TET (98.5% vs 87.8%, P = 0.017).

[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Questions on the delivery of fecal microbiota transplantation
Up to 80.6% (412/511) of the patients in Group 1 were unaware of TET prior to this survey. The first approach for them to learn about TET is shown in Figure 2B. More than half (63.2%, 323/511) of the participants stated that they would agree to undergo FMT through TET. When comparing male versus female (OR = 0.769, 95%CI: 0.512-1.157, P = 0.208), CD versus UC (OR = 1.378, 95%CI: 0.926-2.051, P = 0.114), patients with mild versus severe disease (OR = 0.959, 95%CI: 0.720-1.278, P = 0.775), the differences were not significant.
[bookmark: OLE_LINK33][bookmark: OLE_LINK32]Among the five options offered: gastroscopy, colonoscopy, mid-gut TET, colonic TET and enema, the patients were further asked which transplant route they preferred. In patients of Group 1, 216/511(42.3%) of the participants preferred enema, while 31.2% of the participants were more likely to choose gastroscopy in Group 2, with a significant difference between the two groups (P < 0.001). If we focus on the choice of TET, CD patients in Group 2 were more likely to choose mid-gut TET than patients in Group 1 (29.0% vs 13.3%, P < 0.001) (Figure 4A). Meanwhile, for UC patients, Group 2 had a larger proportion of patients who preferred colonic TET than Group 1 (42.5% vs 25.4%, P < 0.001) (Figure 4B). 
In terms of the willingness to recommend TET, 82.7% (513/620) of patients were willing to recommend it, and there was a significant difference in type of disease (P = 0.022) and gender (P = 0.047). A multivariate analysis showed that the type of disease (OR = 0.614, 95%CI: 0.423-0.891, P = 0.01) was an independent factor influencing the recommendations. UC patients were more likely to recommend TET than CD patients (50.7% vs 41.5%, P =0.01). 

DISCUSSION
[bookmark: OLE_LINK35][bookmark: OLE_LINK34][bookmark: OLE_LINK64][bookmark: OLE_LINK65]This study delineated that nearly half of IBD patients were unaware that FMT is a therapeutic option, and a large proportion of patients did not know the concept of TET prior to this survey. Overall, the results indicated a poor recognition of FMT and TET amongst IBD patients in China. This finding was in line with the survey conducted in Switzerland and the United States that revealed the poor recognition of FMT in IBD patients[22,23]. The reasons that IBD patients have a low awareness of FMT and TET need to be explored. FMT is a relatively new technique and has only been written into the guidelines for the treatment of recurrent Clostridium difficile infection since 2013[24]. TET is also a new interventional method, which was first published in 2016[18] and only used in some hospitals in China mainland[25,26,27] and China Taiwan[28] up to 2019.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK28]The results suggest that mass media and physician’s recommendation are the most common approaches for patients to learn about FMT and TET. Although mass media is a powerful way to disseminate knowledge, the coverage of this emerging therapy is limited with varying degrees of depth and attention. It is hard to make sure patients do not receive misleading information from mass media. This may explain why the cognition of FMT among IBD patients has not improved significantly in recent years[22,23]. Chinese clinicians who have a negative attitude toward media that exaggerate and mystify the effects of FMT as “magic” and “miraculous” fear that this may mislead patients[29]. Another survey showed that the physician’s perceptions of FMT can indirectly affect patient’s acceptance[23]. The approach of physician’s recommendation will be more effective in improving patient’s cognition on FMT and TET than mass media in the future. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK63]In previous studies, the stigma or “yuck” factor associated with FMT and the lack of evidence on the safety and efficacy of FMT have affected patients’ interest in this therapy[22,23]. However, many studies have demonstrated that FMT is a safe and promising therapy for IBD[3,4,7]. Since 2014, the methodology of FMT preparation in our group was different from the traditional manual FMT. The new methodology of FMT was recently coined as washed microbiota transplantation (WMT), which is dependent on the automatic facilities and washing process in a laboratory room with biosafety level 3[30]. It was demonstrated that WMT is better than the manual preparation of FMT in improving safety, enriching the precise amount of microbiota and improving quality control in practice[30,31]. WMT has been used in China in most of the microbiota therapy centers and the methodology was released by the consensus statement from the FMT-standardization Study Group in 2019[31]. In addition, patients may refuse to undergo FMT repeatedly in a short time because of repeated endoscopic procedures and bowel preparation, but the effectiveness from a single FMT might be limited in severe and refractory microbiota-related conditions. TET can solve the limitations of repeating FMT in a short time, avoiding intestinal injury and bleeding caused by repeated insertion of the enema tube or colonoscopy. Patients in the present study showed a great interest in TET.
The present study demonstrated that patient’s attitude towards FMT would be influenced by the FMT and TET experience of a patient. The patients who had experience of FMT and TET exhibited more positive attitudes toward FMT and were more likely to recommend FMT. Undergoing FMT through TET may improve the understanding of FMT and eliminate patients’ concerns about the aesthetics of FMT. Patients’ choice for the delivery of FMT was influenced by the type of disease and whether the patient had undergone FMT. Patients with experience of FMT were more willing to choose TET as the preferred route. UC patients preferred colonic TET and CD patients preferred mid-gut TET. The reason for this difference could be, other than FMT administration, that the TET tube could be useful in giving enteral nutrition for CD patients through mid-gut TET, while UC patients benefited by whole-colon medication administrations via colonic TET. 
[bookmark: OLE_LINK68][bookmark: OLE_LINK69]There is no single best universal delivery that matches all patients, but the efficacy and safety should be the most important considerations when choosing the delivery method. For example, capsulized microbiota is convenient for adults and Clostridium difficile infection but not for children and IBD, especially for children diagnosed with autism. When considering the delivery route of FMT, disease condition, aesthetic factors, psychology and privacy should be considered carefully during the entire workflow. The researchers and practitioners must pay attention to when the improper delivery caused the negative results, which could increase the medical cost, social cost related to the disease treatment and misleading from patients and medical research.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK36][bookmark: OLE_LINK37]The long-standing goals of our team are to promote the development of FMT and FMT-related technologies. It can provide recommendations for us to move standardized FMT by understanding patients’ perspectives of FMT and TET, thus bringing benefits to more patients. There are several limitations in this study. The participants we surveyed were from Jiangsu and Yunnan province, which might not be representative of all populations. A larger sample is necessary for future research. The current findings might be unsuitable to draw conclusions on the patients’ attitude to WMT.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In conclusion, this study showed the significance of education to patients due to low awareness or knowledge of FMT. TET as a novel delivery route of FMT needs increasing attention. If the awareness about FMT and TET is increased, then more positive attitudes will be exhibited toward FMT. Therefore, it is important to determine the knowledge, attitude and preferences of patients for FMT though TET. This study indicates that better education for patients should promote the development of FMT. 

[bookmark: OLE_LINK58][bookmark: OLE_LINK59]ARTICLE HIGHLIGHTS
Research background
Fecal microbiota transplantation (FMT) has shown its therapeutic potential in inflammatory bowel disease (IBD). Transendoscopic enteral tubing (TET) has been used in China as a safe and convenient procedure for multiple FMTs and colonic medication administration with a high degree of satisfaction among adult patients. 

Research motivation
A new clinical therapeutic application depends not only on its efficacy but also on the recognition and attitudes of physicians and patients.

Research objectives
The main objectives of this study were to explore the recognition and attitudes of FMT through TET in patients with IBD and the preference of FMT delivery.

Research methods
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK54][bookmark: OLE_LINK55]An anonymous questionnaire was distributed among IBD patients in two provinces of Eastern and Southwestern China. The participants were divided into two groups: (1) Group 1: patients without experience of FMT; and (2) Group 2: patients with experience of FMT. We also evaluated their awareness and attitudes toward FMT and TET and their preference of FMT delivery.

Research results
Nearly half of the IBD patients were unaware that FMT was a therapeutic option, and a large proportion of patients did not know the concept of TET prior to this survey. Mass media and physician’s recommendation were the most common sources of information. Patients’ choice for the delivery of FMT was affected by the type of disease and whether the patient had experience with FMT. Crohn’s disease patients in Group 2 were more likely to choose mid-gut TET than patients in Group 1. Meanwhile, for ulcerative colitis patients, Group 2 had a larger proportion of patients who preferred colonic TET than Group 1. The relevant analysis showed that patients in Group 2 were more likely to recommend FMT than those in Group 1. The type of disease was an independent factor influencing the recommendations of TET. Ulcerative colitis patients were more likely to recommend TET than Crohn’s disease patients.

Research conclusions
IBD patients have a low awareness of FMT and TET in China. If awareness about FMT and TET increases, then a more positive attitude will be exhibited toward FMT, thus showing the significance of education to patients.

Research perspectives
Further studies need to clarify the patients’ attitude to the washed microbiota transplantation, which has been regarded as the new technology of TET.
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Figure Legends
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Figure 1 Flow chart of the study. FMT: Fecal microbiota transplantation; TET: Transendoscopic enteral tubing.
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Figure 2 Approaches to learn about fecal microbiota transplantation and transendoscopic enteral tubing for the first time. A, B: All respondents’ approaches to primarily knowing about fecal microbiota transplantation (A) and transendoscopic enteral tubing (B) in patients without experience of fecal microbiota transplantation. 
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Figure 3 Reasons for supporting fecal microbiota transplantation (A) and not supporting fecal microbiota transplantation (B).
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Figure 4 Optimal methods of undergoing fecal microbiota transplantation. A: The preferred delivery of Crohn’s disease patients with and without experience of fecal microbiota transplantation; B: The preferred delivery way of ulcerative colitis patients with and without experience of fecal microbiota transplantation. FMT: Fecal microbiota transplantation; TET: Transendoscopic enteral tubing.


Table 1 Characteristics of the participants
	Items 
	Result

	
	Group 1
	Group 2

	Total number
	511
	109

	Age, median (range), yr
	45.0 (35.5-51.0)
	35.0 (29.0-42.0)

	Age at diagnosis, median (range), yr
	28.5 (21.0-38.0)
	26.0 (29.0-33.0)

	Duration of disease, median (range), yr
	3.0 (1.5-7.5)
	8.0 (5.0-12.0)

	Sex, male, n (%)
	326 (63.8)
	68 (62.4)

	[bookmark: _Hlk33450981]Disease category, n (%)
	
	

	  UC
	260 (50.9)
	40 (36.7)

	  CD
	211 (41.3)
	62 (56.9)

	  IBD unclassified
	40 (7.8)
	7 (6.4)

	Level of education, n (%)
	
	

	  At or below primary school
	51 (10.0)
	6 (5.5)

	  Middle school or equivalent
	188 (36.8)
	35 (32.1)

	  At or above undergraduate
	272 (52.2)
	68 (62.4)

	Medicine education background, n (%)
	
	

	  With
	48 (9.4)
	6 (5.5)

	  Without
	463 (90.6)
	103 (94.5)

	[bookmark: _Hlk33451164]Family history of IBD, n (%) 
	
	

	  Yes
	38 (7.4)
	9 (8.3)

	  No
	473 (92.6)
	100 (91.7)

	[bookmark: _Hlk33451221]Self-reported disease severity, n (%) 
	
	

	  Mild
	194 (38.0)
	36 (33.0)

	  Moderate
	248 (48.5)
	49 (45.0)

	  Severe
	69 (13.5)
	24 (22.0)


CD: Crohn’s disease; FMT: Fecal microbiota transplantation; IBD: Inflammatory bowel disease; UC: Ulcerative colitis.
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