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Abstract
BACKGROUND 
The pathogenesis of gastroesophageal reflux disease (GERD) is closely associated 
with the intestinal bacteria composition and their metabolites.

AIM 
To investigate whether washed microbiota transplantation (WMT) improves 
symptoms of nonerosive reflux disease (NERD) with proton pump inhibitor (PPI) 
dependency.

METHODS 
Patients with recurrent NERD and PPI dependency at the First Affiliated Hospital 
of Guangdong Pharmaceutical University from 2017 to 2018 were included and 
divided into a WMT or PPI group treated with PPI with/without WMT. The 
endpoint was NERD symptom frequency evaluated 1 mo after WMT using reflux 
disease questionnaire (RDQ) and GERD questionnaire (GERDQ) scores, remission 
time, PPI dose, and the examination of intestinal mucosal barrier function.

RESULTS 
In the WMT (n = 15) and PPI (n = 12) groups, the total remission rate at 1 mo after 
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treatment was 93.3% vs 41.7%. Compared with the PPI group, the WMT group 
showed better results in GERDQ (P = 0.004) and RDQ (P = 0.003) and in remission 
months (8 vs 2, P = 0.002). The PPI dose was reduced to some extent for 80% of 
patients in the WMT group and 33.3% in the PPI group. In 24 patients, intestinal 
mucosal barrier function was examined before treatment, and changes in the 
degree of damage were observed in 13 of these patients after treatment. Only one 
of the 15 patients had minor side effects, including a mushy stool two or three 
times a day, which resolved on their own after 1 wk.

CONCLUSION 
This study is the first to demonstrate that WMT may be safe and effective for 
relieving NERD symptoms and reducing PPI dependency and recurrence.

Key Words: Nonerosive reflux disease; Washed microbiota transplantation; Proton pump 
inhibitor dependency; Intestinal bacteria; Lipopolysaccharide; Small intestinal bacterial 
overgrowth

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we demonstrated for the first time that washed microbiota 
transplantation (WMT) is safe and effective for treating patients with nonerosive reflux 
disease (NERD) and proton pump inhibitor (PPI) dependency compared with PPI 
treatment. WMT significantly relieved the symptoms of NERD in patients, reduced PPI 
dependency, prolonged the duration of symptom remission, and reduced symptom 
recurrence.

Citation: Zheng YM, Chen XY, Cai JY, Yuan Y, Xie WR, Xu JT, Xia HHX, Zhang M, He XX, 
Wu LH. Washed microbiota transplantation reduces proton pump inhibitor dependency in 
nonerosive reflux disease. World J Gastroenterol 2021; 27(6): 513-522
URL: https://www.wjgnet.com/1007-9327/full/v27/i6/513.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i6.513

INTRODUCTION
Gastroesophageal reflux disease (GERD) is divided into nonerosive reflux disease 
(NERD), reflux esophagitis, and Barrett's esophagus, and more than 70% of GERD 
cases are NERD[1]. The current treatment for GERD is proton pump inhibitors (PPIs)[2]. 
However, due to the chronic nature and recurrence of GERD, current PPI treatments 
for GERD do not provide satisfactory effects, especially in patients with NERD, who 
have a poorer response to PPIs than patients with reflux esophagitis[3-7]. In addition, 
many patients need to take PPIs for a long time[8], potentially leading to changes in 
their intestinal microbiota, such as increases in Enterococcus, Streptococcus, 
Staphylococcus, and potentially pathogenic Escherichia coli[6,9]. Escherichia coli is a Gram-
negative bacterium, and a component of its cell wall, lipopolysaccharide, can cause 
lower esophageal sphincter (LES) relaxation and gastric empty-out delay and lead to 
the occurrence of GERD[6]. Many studies have also found that long-term use of PPIs 
can result in small intestinal bacterial overgrowth (SIBO)[9-11], which can cause chronic 
inflammation; immune reactions may give rise to reduced reactivity of esophageal 
smooth muscle[12]. At the same time, SIBO leads to the production of excess amounts of 
methane gas by the intestinal bacteria, which inhibits contractile activity, slows 
intestinal transit, and, consequently, affects gastric emptying and induces 
gastroesophageal reflux[13,14]. These studies suggest that the recurrence of symptoms 
and long-term use of PPI in patients with GERD (including NERD) may be related to 
changes in the intestinal microbiota and SIBO induction after previous PPI use.

In recent years, research on the application of fecal microbiota transplantation 
(FMT) in clinical diseases has developed rapidly. Good clinical effects of FMT have 
been observed for many diseases, including refractory Clostridium difficile infection[15], 
irritable bowel syndrome[16], inflammatory bowel disease[17], and constipation[18]. FMT 
reconstructs the balance of the intestinal flora in patients by using healthy donor feces, 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v27/i6/513.htm
https://dx.doi.org/10.3748/wjg.v27.i6.513


Zheng YM et al. WMT reduces PPI dependency in NERD

WJG https://www.wjgnet.com 515 February 14, 2021 Volume 27 Issue 6

reducing the colonization of pathogenic bacteria, and leading to a treatment effect by 
regulating metabolism and immunity[19]. The latest study showed that the method of 
generating bacterial solutions through automatic purification systems is very popular 
among doctors and patients; therefore, FMT is also called washed microbiota 
transplantation (WMT)[20].

Since our hospital launched WMT to treat diseases such as GERD, ulcerative colitis, 
irritable bowel syndrome, constipation, non-alcoholic fatty liver, and autism for two 
years and obtained good clinical results, more than 2500 times have been treated. This 
study mainly assessed the therapeutic effects of WMT in patients with PPI-dependent 
NERD.

MATERIALS AND METHODS
Subjects
Patients with a clear diagnosis of NERD and dependency on PPIs who were admitted 
to the Department of Gastroenterology of the First Affiliated Hospital of Guangdong 
Pharmaceutical University from January 1, 2017 to November 30, 2018 and had poor 
curative effects and recurrent symptoms after PPI use were included and divided into 
WMT and PPI groups. Patients who received WMT treatment provided informed 
consent.

Inclusion criteria
The age of the included patients was 18-85 years old. Consistent with the diagnosis of 
GERD, endoscopy excluded reflux esophagitis and Barrett's esophagus. The patients 
had a history of disease for more than 6 mo with PPI dependency, and no antibiotics 
were used 1 wk before treatment and during treatment. PPI dependency was defined 
that after standard PPI treatment, complete remission of GERD symptoms was not 
achieved or the symptoms recurred after the drug was stopped. The inclusion criteria 
of the WMT group were to meet both the above criteria and the following criteria: 
Patients had consented to WMT treatment, if they were not included in the PPI group.

Exclusion criteria
Patients were excluded if they had severe heart and lung disease, liver and kidney 
failure, malignant tumors, pregnancy, or other diseases that significantly affect quality 
of life, or they refused or failed to complete the follow-ups.

Treatment plan
The PPI group was treated with a previous treatment plan (mainly PPI treatment), 
while WMT treatment was added in the WMT group. The source of the bacterial 
suspension for WMT was mixed multidonor feces. All donors were healthy people 
aged 18 to 25 years, and they were required to undergo health examinations to exclude 
digestive tract diseases, tumors, infectious diseases, metabolic diseases, genetic 
diseases, and other related diseases and not to take antibiotics, as well as drugs that 
affect digestive tract dynamics and/or cause intestinal microecological disorders, for 
the last 3 mo. Two hundred milliliters of fresh fecal liquid was separated using an 
automatic purification system (GenFMTer; FMT Medical, Nanjing, China), and the 
prepared bacteria were injected into the patient's intestine via the middle or lower 
digestive tract within half an hour. There were two transplantation routes. One was 
the middle-gut route: Transendoscopic enteral tubing was placed in the jejunum under 
gastroscopy, and PPIs (such as lansoprazole 30 mg + normal saline 100 mL) were 
administered intravenously 1 h before injection of bacteria (to reduce the inactivation 
of bacteria when moving through the stomach). Metoclopramide hydrochloride (10 
mg) was injected intramuscularly (to reduce adverse reactions such as vomiting or 
abdominal distension caused by irritation of the gastrointestinal tract by the bacterial 
fluid). The patients were placed in a sitting position when injecting the bacterial 
solution. The injection process was slow, requiring an injection time of at least 30 min 
for 200 mL of bacterial solution. After the injection, the patient was asked to remain 
sitting or standing for at least 2 h. The other route was the lower gut route: 
Transendoscopic enteral tubing was placed into the caecum via enteroscopy. When 
injecting the bacterial solution, the patient was in the right lateral position, and the 
time of injection was 30 min. After the injection was completed, the patient was 
instructed to rest in the right lateral position for at least 2 h. One course was 
administered once daily for 3 d. Four courses were administered, with one course per 



Zheng YM et al. WMT reduces PPI dependency in NERD

WJG https://www.wjgnet.com 516 February 14, 2021 Volume 27 Issue 6

month given in the first month, second month, third month, and sixth month.

Outcome measurement
The main outcome measure was NERD symptom frequency evaluated 1 mo after 
WMT. The reflux disease questionnaire (RDQ) and GERD questionnaire (GERDQ) 
were administered to the patient before and 1 mo after treatment and reviewed. The 
RDQ integrates the severity and frequency of heartburn, chest pain, acid regurgitation, 
and regurgitation over the past 4 wk. The GERDQ measures the frequency of 
symptoms, such as reflux, heartburn, nausea, upper abdominal pain, sleep 
disturbance, additional antacids, and other symptoms during the past 7 d.

Other outcome measures included remission, relapse after remission, 
monosymptomatic remission, and biochemical coupling examination of intestinal 
barrier function. Remission was defined as RDQ and GERDQ scores reduced by 30% 
at 1 mo posttreatment. Relapse after remission was defined as: After WMT treatment, 
the patient's symptoms of NERD reached remission but then worsened to a level 
observed prior to WMT treatment; the RDQ and GERDQ scores increased by 30% from 
the previous period, and the duration of this increase exceeded 1 mo. Monosympto-
matic remission was defined when the RDQ or GERDQ scores of heartburn, acid 
regurgitation, chest pain, regurgitation, and sleep disturbance declined posttreatment 
compared with pretreatment. Biochemical coupling examination of intestinal barrier 
function was performed by determining serum levels of diamine oxidase (DAO), D-
lactic acid (DLA), and lipopolysaccharide[21] according to the test developed by the 
Institute of Biophysics, Chinese Academy of Sciences (Beijing, China), and the 
manufacturer’s protocol. DAO > 10 U/L indicated intestinal mucosal damage and 
increased intestinal permeability; DLA > 15 mg/L indicated abnormal intestinal 
permeability; and lipopolysaccharide > 20 U/L indicated intestinal bacterial 
translocation[22]. Thus, abnormal levels of any of these indicators reflect intestinal 
mechanical barrier dysfunction. PPI medication status, side effects of WMT treatment, 
and WMT course were also determined.

Statistical analysis
SPSS version 20.0 or GraphPad Prism version 5.0 was used for data analyses. The data 
are described as frequencies, percentages, medians, and interquartile ranges. 
Comparisons of lipopolysaccharide values and scores of RDQ and GERDQ were 
performed by applying the non-parametric Wilcoxon signed-rank test or Mann-
Whitney test, and a two-tailed P value of < 0.05 was considered statistically significant.

Ethics statement
This retrospective study was approved by the Ethics Committee of Guangdong 
Pharmaceutical University (Approval No. Yilun Shen [2019] No. 93 01).

RESULTS
Of the 61 patients with NERD who were screened, 51 were eligible according to the 
inclusion criteria, and 27 completed the follow-ups (Figure 1). The WMT group 
included 15 patients, and the PPI group comprised 12 patients. There were no 
significant differences in the characteristics of the two study groups at enrolment 
(Table 1).

At 1 mo after treatment, the total remission rate in the WMT and PPI groups was 
93.3% vs 41.7%. Compared with the PPI group, the WMT group showed better results 
in the GERDQ scores (7 vs 11, P = 0.004) and RDQ scores (8 vs 20.5, P = 0.003), as well 
as in the remission months [8 (3, 17) vs 2 (0, 4), P = 0.002] (Table 2); nine patients 
showed sustained remission for more than 6 mo in the WMT groups, while there were 
only two in the PPI group. Furthermore, the patients in the WMT group achieved 
better improvements in heartburn (9/10 vs 7/11), acid regurgitation (12/14 vs 7/11), 
chest pain (5/6 vs 1/5), regurgitation (9/12 vs 4/8), and sleep disturbance (9/11 vs 
5/5) than the PPI group. However, 13.3% (2/15) of patients in the WMT group 
relapsed after remission (Table 3).

The PPI dose was reduced to some extent in 80% (12/15) of the patients in the WMT 
group and 33.3% (4/12) in the PPI group. After receiving the WMT treatment, 72.7% 
(8/11) of the patients who continued using PPIs reduced their PPI doses, and all four 
patients with on-demand PPI use were also reduced. In addition, 33.3% (5/15) of the 
patients maintained symptomatic relief and stopped taking PPIs in the WMT group, 
while the percentage was 16.7% (2/12) in the PPI group (Table 4).
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Table 1 Basic information of patients with nonerosive reflux disease

Item PPI WMT P value

Female 6 8

Age (median; IQR, yr) 58.5 (53, 67.25) 62 (55, 67) 0.526

Duration (median; IQR, mo) 48 (15, 144) 24 (6, 60) 0.218

BMI (median; IQR, kg/m2) 21.63 (19.13, 24.38) 24.24 (22.58, 25.43) 0.079

WMT: Washed microbiota transplantation; PPI: Proton pump inhibitors; BMI: Body mass index; IQR: Interquartile range.

Table 2 Symptom scores and remission time before and after treatment in the two groups

Group PPI (n = 12) WMT (n = 15) P value1

Pre-GERDQ (median; IQR) 12 (9, 13.75) 12 (10, 12) 0.746

Post-GERDQ (median; IQR) 11 (8.25, 13.5) 7 (7, 8) 0.004

Intra-group, P value2 0.477 0.003

Pre-RDQ (median, IQR) 26 (18, 33) 23 (16, 25) 0.203

Post-RDQ (median, IQR) 20.5 (12.75, 26) 8 (6, 12) 0.003

Intra-group, P value 0.005 0.002

Remission time (median, IQR; mo) 2 (0, 4) 8 (3, 17) 0.002

1The RDQ and GERDQ scores between two groups were analyzed by non-parametric Mann-Whitney test.
2The intra-group RDQ and GERDQ scores were analyzed by non-parametric Wilcoxon signed-rank test.
WMT: Washed microbiota transplantation; PPI: Proton pump inhibitors; RDQ: Reflux disease questionnaire; GERDQ: Gastroesophageal reflux disease 
questionnaire; IQR: Interquartile range.

Table 3 Clinical responses to washed microbiota transplantation in patients with nonerosive reflux disease

Item WMT, n = 15

Remission1, n 14 (93.3)

Remission after the first course of WMT, n 13 (86.7)

Remission after the first course of FMT until the end of the study, n 10 (66.7)

No remission after the first course of WMT, n 2 (13.3)

Recurrence after remission, n 2 (13.3)

No 14 (93.3)Side effects of WMT treatment2, n

Yes 1 (6.70)

1The scores of the reflux disease questionnaire or gastroesophageal reflux disease questionnaire at 1 mo post-washed microbiota transplantation (WMT) 
were reduced by 30%.
2Only one of the 15 patients had minor side effects, with a mushy stool two or three times a day, which resolved on their own after 1 wk, but no abdominal 
pain, black stool, fever, or serious WMT-related side effects were observed.
WMT: Washed microbiota transplantation; FMT: Fecal microbiota transplantation.

With regard to the relationship between courses of WMT and remission in patients 
with NERD symptoms (Figure 2), ten people who completed three or more WMT 
courses achieved an 80% symptom remission rate. With increasing courses of WMT 
treatment, the remission rate increased.

Twenty-four patients had the function of the intestinal mucosal barrier examined 
before treatment, which showed that over half of the patients (13/24) had different 
degrees of intestinal mucosal barrier function damage, such as the change of epithelial 
permeability (8/24), the damage of intestinal epithelial cells (4/24), intestinal mucosal 
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Table 4 Use of proton pump inhibitors in nonerosive reflux disease patients

Items PPI WMT

No reduction after treatment 3 4

Reduction after treatment 5 0

Continuous use before treatment (n)

Withdrawal after treatment 3 0

No reduction after treatment 0 4

Reduction after treatment 2 2

Usage as needed before treatment (n)

Withdrawal after treatment 2 2

WMT: Washed microbiota transplantation; PPI: Proton pump inhibitors.

Figure 1 Flow chart for the inclusion of patients. NERD: Nonerosive reflux disease; WMT: Washed microbiota transplantation; PPI: Proton pump inhibitor 
dependency.

Figure 2 Relationship between courses of washed microbiota transplantation and remission of nonerosive reflux disease. WMT: Washed 
microbiota transplantation.
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ischaemia (4/24), and intestinal bacterial translocation (2/24). However, in the WMT 
group, eight samples were analyzed, and the function of the intestinal mucosal barrier 
observed as being worse in the post-treatment than pre-treatment, two patients before 
treatment with intestinal mucosal damage were positive to negative, while six patients 
with intestinal mucosal barrier damage were negative to positive. Wilcoxon signed-
rank test showed that the numeric values of lipopolysaccharide, diamine oxidase, and 
D-lactate had no significant difference between before and after WMT treatment 
(Table 5).

Only one of the 15 patients had minor side effects, including a mushy stool two or 
three times a day, which resolved on their own after 1 wk, but no abdominal pain, 
black stool, fever, or serious WMT-related side effects were observed.

DISCUSSION
PPIs are currently the first-line treatment for GERD. NERD, which accounts for most 
GERD cases, ruins patients' quality of life and is more difficult to treat than reflux 
esophagitis[23]. However, not all patients with NERD can achieve good treatment 
effects because PPIs are less effective in patients with NERD than in those with reflux 
esophagitis, and its chronic and recurrent nature means that some patients need to 
take PPIs for a long time. In addition, potential side effects of long-term use of PPIs are 
gradually being revealed, including SIBO, lack of micronutrients, and dementia[9,11,24]. 
A study with population-based follow-up for 10 years in Hong Kong, China in 2018 
showed that long-term PPI use could increase the risk of gastric cancer[25]. Therefore, 
new challenges are arising for NERD treatment, and the results of our study show that 
WMT can solve this problem. This study confirmed that WMT had a significant 
clinical effect on NERD in patients with PPI dependency compared to PPI alone. It can 
reduce the PPI dose and the NERD recurrence rate. Our results showed that WMT, 
combined with PPI treatment, resulted in remission in 93.3% (14/15) of the patients, 
and 80% (12/15) of the patients reduced the PPI dose, which was far better than that of 
the PPI group (33.3%). Compared with the PPI group, the WMT group showed better 
results in the GERDQ scores and RDQ scores as well as in the remission months, 
which had obvious statistical significance.

It is widely believed that GERD usually occurs through the following four 
mechanisms[26]: Transient LES relaxation, low LES pressure, swallowing-associated 
LES relaxation, and straining during periods with low LES pressure. Recently, new 
findings related to the pathogenesis of GERD showed that lipopolysaccharide, a 
component of Gram-negative cell walls, is involved in the mechanism of GERD. 
Research has shown that the state of esophageal diseases (oesophagitis, Barrett's 
esophagus, etc.) is mainly dominated by type II Gram-negative bacteria. We know that 
lipopolysaccharide is the main structure of the outer membrane in Gram-negative 
bacteria; it can activate Toll-like receptor 4 and the downstream nuclear factor kB 
pathway to induce an inflammatory response and upregulate the expression of 
inducible nitrous oxide synthase, which relaxes the LES, and COX-2, which delays 
gastric emptying[27]. In this retrospective study, 24 patients had the function of the 
intestinal mucosal barrier examined before treatment, which showed that over half of 
the patients (13/24) had different degrees of intestinal mucosal barrier function 
damage, which may be involved in the pathogenesis of GERD. We also analyzed the 
values of lipopolysaccharide, diamine oxidase, and D-lactate before and after WMT 
treatment for 8 patients. The results showed that the medians were increased after 
treatment compared with those before treatment, but there was no significant 
difference. This seems to be contrary to evidence from a previous study. However, this 
may be due to the small number of samples, and the test was not performed at the 
same time. This result gives us good inspiration to focus on researching this aspect in 
the future.

The results of this trial indicate that as the number of courses of WMT treatment 
increases, the remission rate increases. The response rate of patients who completed 
more than four courses of WMT reached 83.3%, but the results may have some 
limitations due to the small sample size in this study. Although WMT is increasingly 
used in clinical treatment, there is no uniform treatment course or dosage. According 
to previous reports, multiple fresh fecal transplants can improve clinical efficacy[28]. We 
recommend that WMT for GERD be administered in four courses at 1, 2, 3, and 6 mo (1 
course is a continuous fecal treatment for 3 d, with 200 mL of fecal separated solution 
injected into the jejunum or caecum via the middle or lower digestive tract per day). 
The four courses of treatment recommended in this study are feasible, and it seems 
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Table 5 Results of examining the function of the intestinal mucosal barrier in the washed microbiota transplantation group

Item Lipopolysaccharide Diamine oxidase D-lactate

Pre-treatment (median, IQR) 7.5 (3.6, 10.4) 4.1 (3.2, 6.5) 8.9 (7.6, 11.8)

Post-treatment (median, IQR) 10.1 (1.0, 23.6) 7.7 (2.3, 13.54) 16.3 (7.7, 18.3)

P value1 0.401 0.263 0.208

1The results were analyzed by nonparametric Wilcoxon signed-rank test.
IQR: Interquartile range.

that increasing the treatment course can increase the rate of remission. The poor WMT 
responses observed in this study may be related to the existence of organic lesions that 
cause GERD, such as hiatal hernia, in some patients, and some may be related to 
failure to complete the recommended courses.

Because this is a retrospective study, its limitations are that the accuracy and 
completion of the relevant data and questionnaires could not be improved during 
follow-up. Memory bias may have affected the questionnaires. The analysis of related 
test items had a small sample size, which affects the analysis of the experimental 
results.

CONCLUSION
In conclusion, this study for the first time demonstrated that WMT is safe and effective 
in treating patients with NERD and PPI dependency. Compared to the PPI group, it 
can significantly relieve the symptoms of NERD patients, reduce PPI dependency, 
prolong the duration of remission in symptoms, and reduce recurrence. It can also 
increase the diversity and evenness of the bacterial community. The next step is to 
expand the sample size and perform further studies to confirm the role of WMT in the 
treatment of NERD and elucidate its mechanism.

ARTICLE HIGHLIGHTS
Research background
The pathogenesis of gastroesophageal reflux disease (GERD) is closely associated with 
the intestinal bacteria composition and their metabolites.

Research motivation
At present, the treatment of GERD has not achieved satisfactory clinical results.

Research objectives
To investigate whether washed microbiota transplantation (WMT) improves 
symptoms of nonerosive reflux disease (NERD) with proton pump inhibitor (PPI) 
dependency.

Research methods
Patients with recurrent NERD and PPI dependency at the First Affiliated Hospital of 
Guangdong Pharmaceutical University from 2017 to 2018 were included and divided 
into a WMT or PPI group treated with PPI with/without WMT. The endpoint was 
NERD symptom frequency evaluated 1 mo after WMT using reflux disease 
questionnaire (RDQ) and GERD questionnaire (GERDQ) scores, remission time, PPI 
dose, and the examination of intestinal mucosal barrier function.

Research results
In the WMT (n = 15) and PPI (n = 12) groups, the total remission rate at 1 mo after 
treatment was 93.3% vs 41.7%. Compared with the PPI group, the WMT group showed 
better results in GERDQ (P = 0.004) and RDQ (P = 0.003) and in remission months (8 vs 
2, P = 0.002). The PPI dose was reduced to some extent for 80% of patients in the WMT 
group and 33.3% in the PPI group. In 24 patients, intestinal mucosal barrier function 
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was examined before treatment, and changes in the degree of damage were observed 
in 13 of these patients after treatment. Only one of the 15 patients had minor side 
effects, including a mushy stool two or three times a day, which resolved on their own 
after 1 wk.

Research conclusions
This study is the first to demonstrate that WMT may be safe and effective for relieving 
NERD symptoms and reducing PPI dependency and recurrence.

Research perspectives
WMT could be a new treatment for NERD.
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