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Background. Fecal microbiota transplantation (FMT) has been found to be effective in irritable bowel syndrome with predominant
diarrhea (IBS-D). We conducted this study to determine the impact of a low FODMAP diet (LFD) on the gut microbiota and the
efficacy of FMT in the treatment of IBS-D. Methods. A retrospective analysis of a single-arm open-label prospective study was
conducted to investigate the impact of FMT alone (n = 40) and FMT+LFD (n = 40) in refractory IBS-D. The IBS-quality of life
(QOL), IBS-severity scoring system (SSS), gastrointestinal symptom rating scale (GSRS), Hamilton anxiety scale (HAMA), and
Hamilton depression scale (HAMD) were used to evaluate the efficacy, and partial 16S rDNA amplicon sequencing was used
to profile the microbiota. Results. The response rates were higher in the FMT+LFD group than in the FMT group (1mo, 3mo,
6mo: 70.0% vs. 55.0%, 67.5% vs. 57.5%, 62.5% vs. 27.5%, respectively). The FMT+LFD group showed significantly better
improvement in IBS-QOL at 1, 3, and 6 months; IBS-SSS at 6 months; and GSRS at 1 month compared to FMT alone.
Changes in HAMA and HAMD were similar in the two groups. The LFD significantly upregulated the FMT-induced microbial
diversity (OTUs: 666 vs. 574, Adonis: P = 0:02) and significantly strengthened the upregulation of Bacteroides, Alistipes, and
Ruminococcaceae_UCG-002 and the downregulation of Bifidobacterium. Conclusion. An LFD enhanced the efficacy of FMT,
increased the gut microbial diversity after FMT, and strengthened the inhibitory effect of FMT on conditional pathogens.

1. Introduction

Irritable bowel syndrome (IBS) is a functional gastrointesti-
nal disorder characterized by abdominal pain, abdominal
bloating, and altered bowel habits. The pathogenesis of IBS
includes visceral hypersensitivity, alteration in brain-gut axis,
intestinal permeability, gut microbiota, food intolerance,
colonic bacterial gas production, and hereditary factors [1].

The global prevalence of IBS is about 11.2% [2]. Patients with
IBS have multiple symptoms, but the medical treatment is
usually effective in relieving only one or two main symptoms.
Moreover, drugs alone are not effective in all cases. Many
studies [3] have confirmed that the gut microbiota are
affected by dietary habits. In recent years, gut microbiota-
targeted therapy [4] and dietary interventions [5] are being
increasingly used in clinical practice for the treatment of
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IBS. The gut microbiota-targeted treatment has been recog-
nized by the Rome guidelines for IBS [6].

Fecal microbiota transplantation (FMT) is an emerging
technique of transferring the gut microbiota from healthy
individuals to IBS patients in order to obtain new microbial
balance and treat their intestinal and extraintestinal diseases.
In 1989, McEvoy [7] first used FMT to treat IBS, and the
effective rate was 36%. Pinn et al. [8] used FMT to treat
patients with refractory IBS, and the remission rate was
70%. The Food and Drug Administration (FDA) has recom-
mended FMT as the treatment for recurrent Clostridium dif-
ficile infection. FMT has been used to treat IBS in recent
years. In a randomized controlled trial involving 165 IBS
patients conducted by El-Salhy et al. [9], the response rate
was 23.6%, 76.9%, and 89.1% in patients who received pla-
cebo (own feces), 30 g FMT, or 60 g FMT, respectively.
FMT was associated with significant a change in the gut
microbial profile and an improvement in fatigue and the
quality of life (QOL) of these patients. However, Halkjaer
et al. [10] reported an increase in the diversity of fecal micro-
biota (FM) of patients with moderate to severe IBS after
FMT without significant impact on the clinical symptoms
compared to the placebo group. Our previous study [11]
found that FMT has obvious short-term benefits in IBS
patients, but the long-term effects of FMT were poor. As
per the European consensus report on clinical applications
and procedures of FMT, FMT is recommended for IBS
patients with failure of the standard treatment with continu-
ous disease progression [12].

Recent studies [13, 14] have found that a reduction in the
consumption of fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols (FODMAP) in IBS patients sig-
nificantly improves their gastrointestinal symptoms. In 2012,
Staudacher et al. [15] proposed for the first time that a low
FODMAP diet (LFD) might be effective in relieving the main
symptoms of IBS patients. In 2014, Halmos et al. [16] recom-
mended an LFD as the first-line therapy for IBS. A prospective
nonrandomized controlled study [17] found that an LFD for 3
weeks significantly reduced abdominal pain and distention
with a high rate of patient satisfaction (70.9%). A systematic
review and meta-analysis [18] found that an LFD significantly
reduced the severity of symptoms; reduced abdominal pain,
abdominal distension, and other symptoms; as well as
improved the total QOL of patients with IBS. An LFD is con-
sidered to act by regulating intestinal microecological balance,
maintaining intestinal barrier function, and reducing intesti-
nal inflammatory reaction and abnormal immune response
[19]. It reduces the accumulation of intestinal content, reduces
the stimulation to highly sensitive viscera, and alleviates the
emotional perception related to abdominal distention [20, 21].

Therefore, we designed this study to explore the effect of
an LFD combined with FMT on refractory IBS-D and to
observe whether the addition of an LFD can increase the effi-
cacy or long-term remission of IBS.

2. Materials and Methods

2.1. Study Design and Participants. Patients admitted to the
Department of Gastroenterology and Hepatology, Guang-

zhou First People’s Hospital, China, for refractory IBS-D
from 2017 to 2021 were prospectively included, and their
medical records were retrospectively analyzed. Refractory
IBS-D was defined as failure to respond to currently available
IBS-D treatment such as dietary changes, antibiotics, probio-
tics, antidepressants, and psychotherapy that met the Rome
IV criteria for IBS-D [22, 23]. Exclusion criteria were as
follows: (a) pregnancy or lactation, (b) follow − up duration
< 6months, (c) inability to provide written informed consent,
(d) presence of serious systemic diseases, (e) those who did not
undergo endoscopic examination, and (f) those who had spe-
cial dietary habits or were receiving medical dietary interven-
tion. All participants were asked to provide dietary records
of one week before enrollment, and our nutritionists decided
whether they were suitable for dietary intervention. This study
and the FMT protocol were approved by the Medical Ethics
Committee of Guangzhou First People’s Hospital (no. K-
2017-078-02). This study was retrospectively registered on
ClinicalTrials.gov (NCT03613545). All the participants pro-
vided written informed consent before their enrollment. The
patients were divided into two groups according to their will-
ingness to follow an LFD: FMT group and FMT+LFD group.
The patients were followed up for 6 months after the treat-
ment. The study design is shown in Figure 1.

Feces donors were carefully selected from middle school
or college students using the following protocol [24]: (a)
healthy nonpregnant volunteers aged 16-35 years with good
dietary habits and healthy lifestyles; (b) no drug use (e.g.,
antibiotics) within the preceding 6 months; (c) absence of
infectious, autoimmune, or other diseases related to gut
microbiota or gastrointestinal disorders; and (d) normal lab-
oratory tests including but not limited to complete blood
count; erythrocyte sedimentation rate; C-reactive protein;
liver and renal function tests; tests for viral hepatitis A, B,
and C; human immunodeficiency virus (HIV) and syphilis;
and fecal test (stool routine, occult blood test, and infectious
pathogen test).

2.2. FMT Administration. Fresh feces (150-200 g each) from
healthy donors were dissolved in 1,000ml normal saline. The
microbiota were isolated using the GenFMTer automatic puri-
fication system (FMT Medical, Nanjing, China), as per the
manufacturer’s protocol. Using the colonic transendoscopic
enteral tube (TET), FM can be directly transported to the ter-
minal ileum, and the number of endoscopic operations can be
reduced. We preferentially recommended patients undergo
FMT through colonic TET. However, some patients (5/80)
who were not willing for FMT through colonic TET under-
went FMT by spraying under gastroscope. The two processes
were as follows: (1) colonic TET: bowel preparation was done
using polyethylene glycol-electrolyte solution. Subsequently,
a colonoscopy was performed. A TET (FMT Medical, Nan-
jing, China) was inserted via the anus into the terminal ileum
as previously described [25]. The next day post-TET insertion,
150ml of normal saline containing ~50 cm3 centrifuged
microbiota was administered into the entire colon via the
TET. After FMT, patients were placed in the right lateral posi-
tion for ≥30min and were allowed to eat 2 h later. (2) Gastro-
scopic spraying: intramuscular injection of metoclopramide
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was given 1h before FMT to prevent vomiting. Intravenous
injection of a proton pump inhibitor was given to inhibit
gastric acid secretion. Patients were administered 150ml of
normal saline containing ~50cm3 centrifuged microbiota into
the second part of the duodenum using a gastroscope. Patients
were asked to remain in the half sitting position for at least 4h
after spraying FM. The FMT procedure was repeated every
other day for 2-3 times [26].

2.3. Dietary Intervention. Patients in the FMT+LFD group
received a leaflet containing the information about the LFD
of Monash University (Supplementary material Table S1),
which includes foods that should be avoided or restricted
and foods that should be consumed. The LFD was provided
to be taken under the guidance of professional doctors
(Department of Nutrition, Guangzhou First People’s Hospi-
tal). During the follow-up period, the study patients were
required to maintain a food diary. Patients in the FMT group
continued to eat according to their previous eating habits.
The above dietary regimen lasted until the end of the study
and the patients were followed up continuously.

The study patients did not receive any antibiotics, pro-
biotics, hormones, or other drugs for at least 3 months
pre-FMT and 6 months post-FMT. Their fecal samples were
collected before and 1 month after FMT and immediately
stored at -80°C in the biological sample bank of our hospital.
Their demographic and clinical characteristics were
recorded as shown in Table 1.

2.4. Assessment of Clinical Efficacy and Safety. All partici-
pants were asked to complete standard questionnaires
including the IBS-QOL [27, 28], the IBS severity scoring sys-
tem (IBS-SSS) [29, 30], and the gastrointestinal symptom
rating scale (GSRS) [31]. Mental and psychological states
were assessed using the Hamilton anxiety scale (HAMA)
and Hamilton depression scale (HAMD) [32, 33] before
FMT/FMT+LFD, 1 month, 3 months, and 6 months after
FMT/FMT+LFD via face-to-face interviews with trained
professionals. The responders were defined as patients who

achieved improvement in gastrointestinal symptoms (sub-
jective feeling of being better than before treatment) and/or
reduction in IBS-QOL (total IBS-QOL score lower than that
before treatment) and/or IBS-SSS (at least 1 grade better
than before treatment). Otherwise, the patients were defined
as nonresponders.

The severity of adverse events was classified into mild
(did not affect the daily activities of the subject), moderate
(affected the daily activities of the subject to some extent),
and severe (significantly affected the daily activities of the
subject).

2.5. Extraction of Fecal DNA and Analysis of Gut Microbiota.
The HiPure Stool DNA Kit (Magen, Guangzhou, China) was
used to extract total fecal DNA. The primers used to amplify
the 16S rDNA target regions were as follows: 341F: CCTA
CGGGNGGCWGCAG; 806R: GGACTACHVGGGTAT
CTAAT [34]. Amplified products of 400-450 bpm were puri-
fied by the Phusion High-Fidelity PCR Master Mix (New
England Biolabs, Beverly, USA). Sequencing libraries were
generated by the TruSeq DNA PCR-Free Sample Prepara-
tion Kit (Illumina, San Diego, USA) before adding in index
codes. The quality of the constructed library was evaluated
by the Agilent Bioanalyzer 2100 system and Qubit@ 2.0
Fluorometer (Thermo Scientific, Carlsbad, USA). The Illu-
mina HiSeq 2500 platform (Novogene Bioinformatics Tech-
nology, Tianjin, China) was used for sequencing [34].

2.6. Bioinformatics Analyses

2.6.1. Quality Control and Read Assembly. Raw data contain-
ing adapters or low-quality reads were filtered as per the
FASTP (version 0.18.0) criteria [>10% of unknown nucleo-
tides (N) and <50% of bases with quality ðQ − valueÞ > 20].
Paired-end clean reads were merged as raw tags using
FLSAH (version 1.2.11) with a minimum overlap of 10 bp
and mismatch error rates of 2%. Noisy sequences of raw tags
were filtered by QIIME (version 1.9.1) under the following
filtering conditions: (a) break raw tags from the first low-
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Figure 1: Schematic diagram of the study design.
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quality base site where the number of bases in the continu-
ous low-quality value (the default quality threshold was
≤3) reached the set length (the default length was 3), and
(b) filter tags with high-quality base length of <75% of the
tag length [35].

2.6.2. α-Diversity Analysis. QIIME (version 1.9.1) was used
to obtain the α-diversity indices [36]. The ggplot2 package
of the R project (version 2.2.1) was used to perform opera-
tional taxonomic unit (OTU) rarefaction and plot rank
abundance curves. Tukey’s HSD test was used to compare
three or more groups. The Shannon index was calculated
by Welch’s t-test in the R project Vegan package (version
2.5.3). In case of two comparative groups with total repeat
samples ≥ 3 in each group and the number of species tags/
total tags of at least one sample ≥ 0:1%, then the top 1,000
high abundance OTUs were statistically tested with the R
language Vegan data package.

2.6.3. OTU Analysis and β-Diversity Analysis. Effective tags
of OTUs ≥ 97% were clustered together using UPARSE soft-
ware (version 9.2.64) [37]. Each cluster contained the most
abundant tag sequence of each cluster. The multivariate sta-
tistical technique of principal coordinate analysis (PCoA)
[38] of Bray-Curtis distances was calculated using the Vegan
package (version 2.5.3) and plotted using ggplot2 package
(version 2.2.1). The analysis of similarity test [39], based
on the distance index ranking, was used to determine

whether there was a significant difference in the distance
between the groups and the distance within the groups in
the microbial structure. The Adonis test [40], also known
as permutational MANOVA, was used to analyze the inter-
pretation of the groups to the sample difference based on
the distance matrix and use the substitution test to analyze
the statistical significance of the groups.

2.6.4. Community Composition Analysis. A naive Bayesian
model using the RDP classifier (version 2.2) [41] based on
SILVA (version 132) [42] or Greengenes (version gg_13_5)
[43] databases was used to classify sequences based on
organisms. The community composition was visualized by
the ggplot2 package (http://CRAN.R-project.org/package=
ggplot2) (version 2.2.1) in the R project. The heat map pack-
age (version 1.0.12) in R project was used to plot the heat
map of genus abundance.

2.6.5. Linear Discriminant Analysis Effect Size Analysis.
Linear discriminant analysis (LDA) effect size (LEfSe) analy-
sis (http://huttenhower.sph.harvard.edu/lefse/) was used to
identify differences in the taxa between groups. The nonpara-
metric Kruskal-Wallis analysis was used to detect taxa with
significant differential abundance. Biological consistency
was subsequently investigated using pairwise Wilcoxon
rank-sum tests among subclasses. The LDA was used to esti-
mate the effect size of each differentially abundant trait. α
values of 0.05 were used for the Kruskal-Wallis analysis,

Table 1: Baseline information of patients with IBS-D and donors.

FMT group FMT+LFD group P value

Number of patients 40 40 —

Sex (female/male) 12/28 16/24 0.3484

Age (years) (min, max) 39.55 (23 yr, 67 yr) 43.20 (20 yr, 70 yr) 0.2103

Disease duration (min, max) 98.60 (8mo, 480mo) 108.60 (6mo, 420mo) 0.6439

Delivery 0.6442

Colonic TET 37 38 —

Gastroscope spraying 3 2 —

FMT times 0.4316

3 37 36 —

2 2 4 —

1 1 0 —

Response rate 0.3133

1mo 55.0% (22/40) 70.0% (28/40) —

3mo 57.5% (23/40) 67.5% (27/40) —

6mo 27.5% (11/40) 62.5% (25/40) —

Number of donations 0.2509

Donor no.1 (male, 35) 11 11 —

Donor no.2 (male, 16) 1 1 —

Donor no.3 (male, 28) 47 62 —

Donor no.4 (male, 25) 10 12 —

Donor no.5 (male, 26) 46 30 —

Donor no.6 (female, 25) 1 0 —

FMT: fecal microbiota transplantation; LFD: low FODMAP diet; TET: transendoscopic enteral tubing.
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and a threshold of 2.0 was chosen for logarithmic LDA
scores [44].

2.6.6. Kruskal-Wallis Analysis. The Kruskal-Wallis rank-sum
test model was used to identify whether there were differ-
ences in the median species abundance among multiple
groups. When there were more than two groups for compar-
ison and the number of sample repetitions in the group was
more than two, the R language Vegan package was used to
carry out the statistical test for the species whose relative
abundance (number of species tags/total number of tags)
of at least one sample reached more than 0.1% and the high
abundance OTUs of the top 1,000 [45].

2.7. Statistical Analysis. Data has been presented as num-
bers, percentages, mean ± standard deviation, or median
(quartile 1, quartile 3). Inter- and intragroup differences were
analyzed by the Wilcoxon signed rank, unpaired t-test, or
one-way ANOVA with post hoc Tukey’s test as appropriate.
The paired Student’s t-test was used for paired data. The
SPSS software (version 23.0; IBM Corp.) was used for all sta-
tistical analyses. The P values < 0.05 were considered to be
significant.

3. Results

3.1. Characteristics of the Participants. A total of 80 patients
with IBS-D were divided into two groups with 40 patients in
each. The FMT group was treated with FMT alone, while the
FMT+LFD group was treated with FMT combined with an
LFD. A total of six healthy donors donated feces (Table 1).
The mean age of FMT and FMT+LFD groups was 39.55
years (range 23-67 yr) and 43.2 years (range 20-70 yr),
respectively. The mean duration of the disease in the FMT
and FMT+LFD groups was 98.60 months (range 8-480mo)
and 108.60 months (range 6-420mo), respectively. All
patients completed the questionnaires at baseline, 1 month,
3 months, and 6 months after FMT. Seventy-five patients
underwent FMT by colonic TET, and five patients under-
went FMT by gastroscopic spraying. FMT was performed
once, twice, and thrice in 1, 6, and 73 patients, respectively.

The response rates of the FMT group at 1 month, 3
months, and 6 months after FMT were 55.0%, 57.5%, and
27.5%, respectively. The response rates of the FMT+LFD
group at 1 month, 3 months, and 6 months after FMT were
70.0%, 67.5%, and 62.5%, respectively. The characteristics of
the patients and donors are summarized in Table 1.

3.2. IBS Symptoms Alleviated after FMT

3.2.1. IBS-QOL. The total IBS-QOL score and the scores of 8
dimensions of the FMT group were calculated as shown in
Figures 2(a) and 2(b). In the FMT group, the total IBS-
QOL score decreased significantly at 1 month, 3 months,
and 6 months after FMT (all P < 0:0001) compared to that
before FMT. However, there was slight increase in the total
IBS-QOL score with time (0mo, 1mo, 3mo, and 6mo:
242:9 ± 120:6, 198:7 ± 118:6, 203:3 ± 119:5, 211:2 ± 128:4,
respectively). At 1 month and 3 months after FMT, except
for sexual dysfunction, the other seven dimensions in the

FMT group showed significant improvement compared to
those before FMT, while only 4 dimensions (interference
with activity, health worry, food avoidance, and relation-
ships) showed improvement at 6 months after FMT
(Figure 2).

In the FMT+LFD group, as shown in Figures 2(c) and
2(d), the total IBS-QOL score at 1 month, 3 months, and 6
months after FMT and LFD were significantly lower than
that before treatment (all P < 0:0001). At 1 month, 3
months, and 6 months after FMT and LFD, except for sexual
dysfunction (1mo, 3mo, and 6mo: P = 0:1133, P = 0:0126,
and P = 0:0068, respectively), the other seven dimensions
were significantly reduced compared to those before treat-
ment (Figure 2). In addition, the dimension of food avoid-
ance increased significantly at 3 months after treatment
compared to 1 month after treatment (P = 0:005).

The total IBS-QOL score and eight dimensions between
the two groups were compared as shown in Figure 3. Apart
from food avoidance, there were significant differences in
the other seven dimensions and total IBS-QOL scores at 1
month and 3 months after treatment suggesting that FMT
+LFD was more effective in improving IBS-QOL than
FMT alone. At 6 months after treatment, the FMT+LFD
group improved more significantly when compared to the
FMT group in terms of dysphoria (P = 0:005), body image
(P = 0:0143), health worry (P = 0:016), sexual dysfunction
(P = 0:001), relationships (P = 0:0076), and total IBS-QOL
score (P = 0:0086).

3.2.2. IBS-SSS. According to the IBS-SSS score, the symptom
grade was divided into the following: remission: <75, mild:
75-175, moderate: 176-300, and severe: >300. In the FMT
group, there were 11 patients with severe symptoms and
29 patients with moderate symptoms before treatment.
One month after FMT, symptoms improved in 4 patients
with severe symptoms (3 moderate, 1 mild) and 15 patients
with moderate symptoms (11 mild, 4 remission). Three
months after FMT, symptoms improved in 5 patients with
severe symptoms (4 moderate, 1 mild) and 18 patients with
moderate symptoms (14 mild, 4 remission). Six months after
FMT, symptom improvement was observed in only 8
patients with moderate severity (6 mild, 2 remission). Com-
bining FMT with an LFD significantly improved the
patient’s symptom grade. In the FMT+LFD group, there
were 11 patients with severe symptoms and 27 patients with
moderate symptoms before treatment. One month after
FMT, symptoms improved in 11 patients with severe
patients (10 moderate, 1 remission) and 15 patients with
moderate symptoms (6 mild, 9 remission). Three months
after FMT, all 11 patients with severe symptoms continued
to have symptom relief (9 moderate, 1 mild, 1 remission),
and 15 patients with moderate symptoms showed improve-
ment (6 mild, 9 remission). Six months after FMT, all 11
patients with severe symptoms had symptom relief (8 mod-
erate, 2 mild, 1 remission), and 14 patients with moderate
symptoms showed improvement (6 mild, 8 remission).

As shown in Figure 2(e)–2(g), the IBS-SSS of the FMT
group significantly decreased at 1 month (P < 0:0001) and
3 months (P < 0:0001) after FMT [0mo, 1mo, and 3mo:
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Figure 2: Continued.

6 Oxidative Medicine and Cellular Longevity



0

10

20

30

40

50

60

70

Pre-FMT + LFD
Post-FMT + LFD (1 mo)

Post-FMT + LFD (3 mo)
Post-FMT + LFD (6 mo)

H
ea

lth
 w

or
ry

Fo
od

av
oi

da
nc

e

So
ci

al
 re

ac
tio

n

Se
xu

al
dy

sfu
nc

tio
n

Re
la

tio
ns

hi
ps

D
ys

ph
or

ia

In
te

rfe
re

nc
e

w
ith

 ac
tiv

ity

Bo
dy

 im
ag

e

Q
O

L 
sc

or
e o

f F
M

T 
+ 

LF
D

 g
ro

up

⁎⁎⁎

⁎⁎⁎

⁎⁎⁎⁎

⁎

⁎

⁎

⁎⁎

⁎⁎

⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

(d)

0

100

200

300

400

500

SS
S 

sc
or

e o
f F

M
T 

gr
ou

p

Pre-FMT 1 mo 3 mo 6 mo

Post-FMT

⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎

(e)

0

100

200

300

400

500

SS
S 

sc
or

e o
f F

M
T 

+ 
LF

D
 g

ro
up

Pre-FMT
+ LFD

1 mo 3 mo 6 mo

Post-FMT + LFD

⁎⁎⁎⁎

⁎⁎⁎⁎

⁎⁎⁎⁎

(f)

0

100

200

300

400

500

SS
S 

sc
or

e

FMT group
FMT + LFD group

Pre-treat 1 mo 3 mo 6 mo

Post-treat

⁎⁎⁎

(g)

Figure 2: IBS-QOL and IBS-SSS of the FMT and FMT+LFD groups before and after treatment. (a–d) Alterations of total IBS-QOL score (a,
c) and 8 dimension scores (b, d) in the FMT group (a, b) and the FMT+LFD group (c, d); (e–g) alterations of IBS-SSS in the FMT group and
the FMT+LFD group and comparison between the two groups. ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001, ∗∗∗∗P < 0:0001.
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Figure 3: Continued.
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202.0 (190.0, 330.0), 185.0 (151.3, 258.8), and 180.0 (146.3,
257.5), respectively]. However, the IBS-SSS at 6 months
after FMT was higher than that at baseline [0mo and
6mo: 202.0 (190.0, 330.0) and 217.5 (190.0, 325.0), respec-
tively; P = 0:0044].

Combining FMT with an LFD significantly reduced IBS-
SSS (1mo, 3mo, and 6mo: P < 0:0001, P < 0:0001, and P <
0:0001, respectively) in three follow-up points compared to
before treatment and maintained stable therapeutic effect.
On comparison with the differences between the two groups
(Figure 2(g)), FMT combined with an LFD was more effec-
tive in improving IBS-SSS than FMT alone at 6 months after
treatment (P = 0:0003), but no significant difference was
observed at 1 month and 3 months (P = 0:059 and P =
0:1598, respectively).

3.2.3. GSRS. The total GSRS and the scores of five symptoms
of the FMT group were calculated as shown in Figures 4(a)
and 4(b). The total GSRS significantly decreased at 1 month,

3 months, and 6 months after FMT (P < 0:0001). At 1
month after FMT, except for indigestion, the other four
symptoms in the FMT group significantly improved (P =
0:0346, P = 0:0035, P = 0:0009, P < 0:0001). At 3 months
and 6 months after FMT, except for abdominal pain, the
other 4 symptoms in the FMT group showed significant
improvement. In the FMT+LFD group, as shown in
Figures 4(c) and 4(d), the total GSRS at 1 month, 3 months,
and 6 months after FMT+LFD was significantly lower than
that before treatment (all P < 0:0001). At all follow-up points
after FMT+LFD, all symptoms were significantly improved
compared to before treatment.

On comparison of total GSRS and the five symptoms
between the two groups (Figures 4(e)–4(j)), there was no sig-
nificant difference between FMT and FMT+LFD in three
dimensions (abdominal pain, indigestion, and diarrhea).
Combining FMT with an LFD was more effective in improv-
ing reflux (1mo vs. 0mo and 3mo vs. 0mo: P = 0:0382 and
P = 0:0191, respectively) and constipation (1mo vs. 0mo
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Figure 3: IBS-QOL of the FMT and FMT+LFD groups before and after treatment. (a–h) Comparisons of eight dimensions (a–h: dysphoria,
interference with activity, body image, health worry, food avoidance, social reaction, sexual dysfunction, and relationships) between the two
groups; (i) comparisons of total IBS-QOL score between the two groups. ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001, ∗∗∗∗P < 0:0001.
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and 3mo vs. 0mo: P = 0:0317 and P = 0:0270, respectively),
but unfortunately, reflux was statistically different before
FMT (P = 0:0102), so we could not judge whether it was
caused by the difference of baseline data. However, FMT
combined with LFD was more effective than FMT alone in
improving total GSRS at 1 month (P = 0:0399) but had sim-
ilar improvement at 3 months (P = 0:0824) and 6 months
after treatment (P = 0:4436).

3.2.4. HAMA and HAMD. HAMA score higher than 7 (of
56) indicated the presence of anxiety symptoms. In the
FMT group, there were 23 patients with anxiety symptoms
before treatment. At one and three months after FMT,
patients with anxiety symptoms reduced to 19. At 6 months
after FMT, patients with anxiety symptoms reduced to 15. In
the FMT+LFD group, there were 22 patients who had anxi-
ety symptoms before treatment. At one and three months
after FMT, patients with anxiety symptoms reduced to 12.
Six months after FMT, there were 15 patients with anxiety
symptoms.

As shown in Figures 5(a)–5(c), the HAMA score of both
the FMT group and the FMT+LFD group decreased signifi-
cantly at 1 month (P < 0:0001 and P < 0:0001, respectively),
3 months (P < 0:0001 and P < 0:0001, respectively), and 6
months (P = 0:0040 and P = 0:0002, respectively) after treat-
ment. The differences between the two groups at the three
follow-up points were insignificant (1mo, 3mo, and 6mo:
P = 0:5464, P = 0:4343, and P = 0:4228, respectively).

Similarly, HAMD score higher than 8 (of 76) indicated
the presence of depressive symptoms. In the FMT group,
24 patients had depressive symptoms before treatment. At
one and six months after FMT, patients with depressive
symptoms reduced to 18. At 6 months after FMT, patients
with depressive symptoms reduced to 16. In the FMT+LFD
group, there were 27 patients with depressive symptoms
before treatment. At 1, 3, and 6 months after FMT, patients

with depressive symptoms reduced to 14, 15, and 15,
respectively.

As shown in Figures 5(d)–5(f), the HAMD score of both
the FMT group and the FMT+LFD group decreased signifi-
cantly at 1 month (P < 0:0001 and P < 0:0001, respectively),
3 months (P < 0:0001 and P < 0:0001, respectively), and 6
months (P = 0:0010 and P < 0:0001, respectively) after treat-
ment. The HAMD scores of the two groups were similar at
the three follow-up points (1mo, 3mo, and 6mo: P =
0:2338, P = 0:2203, and P = 0:0971, respectively).

3.3. Safety of FMT. Adverse events were noted in four
patients (5%) (4/80). Two patients reported an increased fre-
quency of passing stools within 12 h after FMT (one in each
group). Two patients reported mild abdominal distension
and increased passage of flatus within 12 h after FMT (one
in each group). However, all symptoms disappeared without
medical intervention within 24h.

3.4. Alterations of Diversity and Dominant Microbiota.
Patients were required to collect fecal samples in a sterile
sampling tube and directly transfer to -80°C in the hospital,
which increased the difficulty of sample collection. A total of
40 samples from 40 patients (FMT group = 20, FMT + LFD
group = 20) were provided for 16S rDNA amplicon sequenc-
ing. In these 40 patients, FM from healthy donors was col-
lected before FMT (if the FMT group and the FMT+LFD
group patients share the same FM, only one sample was
tested). Finally, 58 FM samples from healthy donors were
included for 16S rDNA amplicon sequencing. The results
are shown in Figures 6 and 7.

As shown in Figures 6(a)–6(c), the number of OTUs of
healthy donors, patients before treatment, and patients after
treatment was 499, 577, and 643, respectively (since there
were only 6 donors, the number of OTUs in the donor group
is relatively small). The Shannon index of the donor group
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Figure 4: GSRS of the FMT and FMT+LFD groups before and after treatment. (a–d) Alterations of total GSRS score (a, c) and 5 symptoms
(b, d) in the FMT group and the FMT+LFD group; (e–i) comparisons of 5 symptoms (e–i: abdominal pain, reflux, indigestion, constipation,
and diarrhea) between the two groups; (j) comparisons of total GSRS between the two groups. ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001, ∗∗∗∗P
< 0:0001.
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Figure 5: Changes in HAMA and HAMD scores of the FMT group (a, d) and FMT+LFD group (b, e) and their comparison (c, f). (a,
b) Alterations of HAMA score in the FMT group and the FMT+LFD group; (c) comparisons of HAMA score between the two groups;
(d, e) alterations of HAMD score in the FMT group and the FMT+LFD group; (f) comparisons of HAMD score between the two
groups. ∗∗P < 0:01, ∗∗∗P < 0:001, ∗∗∗∗P < 0:0001.
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was significantly higher than that of patients before treat-
ment (P = 0:0075). The Shannon index in patients after
treatment was significantly higher than that before treatment
(P = 0:0175). Using PCoA, it was seen that the spatial dis-
tance between the donor and patient groups was the farthest.
After treatment, the microbial structure of patients came
close to the donor group. In order to observe the impact of
an LFD on the microbial changes, we divided the samples
into four groups: pre-FMT group (before FMT alone),
post-FMT group (after FMT alone), pre-FMT+LFD group
(before FMT combined with an LFD), and post-FMT+LFD
group (after FMT combined with an LFD). As shown in
Figures 6(d)–6(f), patients in the FMT+LFD group (666 vs.
564) had a higher increase in the OTUs compared to those
in the FMT group (574 vs. 548). The Shannon indexes of
the two groups were similar (P = 0:0924, P = 0:1033). In
order to observe whether the two treatment methods medi-
ated the difference in microbiota, we used Anosim (P =
0:0060) and Adonis (P = 0:0200) tests which showed signif-
icant alterations.

For analysis of dominant microbiota, we analyzed the
top ten microbiota in each group based on OTUs and
drew the stacking diagram of relative abundance at the
phylum level (Figure 6(g)) and family level (Figure 6(h))
and the clustering heat map of the top twenty microbiota
at the genus level (Figure 6(i)). In total, FMT alone upregulated
Weissella, Bacteroides, Escherichia-Shigella, Akkermansia,
Enterococcus, Parabacteroides, Collinsella, Actinomyces, Eubac-
terium_hallii, andDorea and downregulated Streptococcus, Lac-
tobacillus, Romboutsia, Bifidobacterium, Erysipelotrichaceae_
UCG-003, Subdoligranulum, Pediococcus, Blautia, Faecalibac-
terium, and Fusobacterium; FMT combined with LFD upregu-
lated Bacteroides, Pediococcus, Lactobacillus, Parabacteroides,
Romboutsia, Fusobacterium, Faecalibacterium, Collinsella,
and Enterococcus and downregulated Bifidobacterium, Strep-
tococcus, Escherichia-Shigella, Akkermansia, Blautia, Subdoli-
granulum, Eubacterium_hallii, Erysipelotrichaceae_UCG-003,
Weissella, Actinomyces, and Dorea. The mean relative abun-
dance and P values of the groups at all the three levels are
shown in Supplementary material Table S2.

3.5. Changes of Microbial Composition. To find the differ-
ence in the microbiota between the FMT+LFD and FMT
groups in IBS-D, we used the Kruskal-Wallis analysis
method and found six prominent bacteria at the genus level
(Figure 7(c)): Bifidobacterium, Bacteroides, Akkermansia,
Alistipes, Eubacterium_eligens_group, and Ruminococca-
ceae_UCG-002. It was found that the combination of an
LFD could strengthen the upregulation of Bacteroides, Alis-
tipes, and Ruminococcaceae_UCG-002 and the downregula-
tion of Bifidobacterium, but the effect was opposite on
Akkermansia and Eubacterium_eligens_group. Alone, FMT
significantly increased the abundance of Akkermansia, while
the combination with LFD significantly decreased it (Supple-
mentary material Table S3).

LSfSe analysis was used to compare the different micro-
biota between the two groups. The results are shown in
Figures 7(a) and 7(b). Compared with the FMT+LFD group,
FMT alone enriched the following: Bifidobacterium

(LDA = 4:4734, P = 0:0186), Weissella (LDA = 4:2907, P =
0:0373), Weissella_paramesenteroides (LDA = 4:2864, P =
0:0425), Akkermansia (LDA = 3:9772, P = 0:0068), Terrimo-
nas (LDA = 3:6652, P = 0:0377), Variovorax (LDA = 3:5474,
P = 0:0377), Variovorax_paradoxus (LDA = 3:4725, P =
0:0377), Allorhizobium_Neorhizobium_Pararhizobium_Rhi-
zobium (LDA = 3:4451, P = 0:0377), Sphingomonas (LDA =
3:0591, P = 0:0324), Prevotellaceae_UCG_001 (LDA =
2:9311, P = 0:0274), and Lactobacillus_mucosae (LDA =
2:5439, P = 0:0280), whereas the FMT+LFD group enriched
the following: Pediococcus (LDA = 4:1446, P = 0:0398), Ped-
iococcus_pentosaceus (LDA = 4:1424, P = 0:0398), Pseudo-
monas_veronii (LDA = 3:4164, P = 0:0081), Eubacterium_
eligens_group (LDA = 3:1982, P = 0:0040), Parabacteroides_
goldsteinii (LDA = 3:1771, P = 0:0372), Eubacterium_oxidor-
educens_group (LDA = 3:1282, P = 0:0155), Paraprevotella
(LDA = 2:9595, P = 0:0304), Christensenellaceae_R_7_group
(LDA = 2:9484, P = 0:0483), Anaerofustis (LDA = 2:9035,
P = 0:0212), Caproiciproducens (LDA = 2:9018, P = 0:0419),
Anaerofustis_stercorihominis_DSM_17244 (LDA = 2:8997,
P = 0:0212), Bacteroides_sp (LDA = 2:8048, P = 0:0004),
Ruminococcaceae_UCG_002 (LDA = 2:8038, P = 0:0200),
Acidaminococcus_fermentans_DSM_20731 (LDA = 2:7634, P
= 0:0090), Lachnospira (LDA = 2:5386, P = 0:0424), CAG_
56 (LDA = 2:5386, P = 0:0453), and Desulfovibrio_desulfuri-
cans_subsp_desulfuricans (LDA = 2:4151, P = 0:0229) (Sup-
plementary material Table S4).

4. Discussion

In the current study of 80 patients with refractory IBS-D, we
found that the response rates of the FMT group at 1 month,
3 months, and 6 months were 55.0%, 57.5%, and 27.5%,
respectively, while those of the FMT+LFD group were
70.0%, 67.5%, and 62.5%, respectively, suggesting that add-
ing an LFD to FMT increased its response rate and long-
term remission. The IBS-QOL showed that both treatments
effectively improved the patients’ QOL. Single FMT treat-
ment was effective in seven dimensions at 1 month except
sexual dysfunction, while it was only effective in the follow-
ing four dimensions at 6 months after FMT: interference
with activity, health worry, food avoidance, and relationship.
Adding an LFD not only made FMT effective in all dimen-
sions but also resulted in better outcomes at 6 months. How-
ever, we also found that the food avoidance of patients
increased significantly at 3 months compared to one month
after treatment in the FMT+LFD group. It might be because
some patients were tired of consuming an LFD after one
month. However, after consultation with our nutritionist,
the patients in the LFD group could appropriately adjust
their diet and maintain good compliance. In addition, we
noticed a significant improvement in sexual function of the
patients in the FMT+LFD group, which may be related to
an LFD, but the exact reasons could not be determined.
On comparing the total IBS-QOL score and eight dimen-
sions between the two groups, we found that FMT combined
with an LFD had a significantly better effect than FMT alone
on IBS-SSS and all dimensions except food avoidance. The
FMT with and without an LFD showed significant
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Figure 6: Changes in the dominant microbiota after treatment in the two groups. (a–c) The number of OTUs in IBS patients increased after
treatment (a), α-diversity increased (b), and the microbial structure changed (c); (d–f) FMT combined with an LFD increased the number of
OTUs (d) and α-diversity (e) and also lead to significant differences of β diversity; (g–i) FMT combined with LFD and FMT alone mediated
different dominant microbiota changes in IBS-D patients at the phylum (g), family (h), and genus (i) levels. Upset plot: the horizontal
column on the left side of the figure shows the number of OTUs; the lower right is the dot matrix of the intersection part. A single node
represents the OTUs unique to the corresponding group, and the connection of multiple points represents the OTUs shared between
groups; The upper right is the number of shared/unique OTUs represented by the corresponding lattice. Shannon index: the abscissa
represents the grouping (expressed in different colors), and the ordinate represents the size of the Shannon index. The maximum value:
the upper horizontal line, the minimum value: the lower horizontal line, the median: the middle line of the box, the upper quartile: the
top edge of the box, and the lower quartile: the bottom edge of the box. PCoA: the closer the center distance of each group is, the more
similar the microbial structure is. The greater the sum of PCoA1+PCoA2, the greater the difference of microbial structure between
groups (β diversity). Diversity difference analysis between groups: the vertical axis of the box chart represents the distance ranking, the
horizontal axis between represents the distance between groups, and others represent the distance within the corresponding group; The
R value indicates the degree of difference between groups and within groups, ranging from -1 to 1. The closer the R value is to 1, the
greater the distance is between groups compared to that within groups; P value indicates the significant difference between groups and
within groups. Relative abundance stacking diagram: select the top ten phylum/family with relative abundance to draw the stacking
diagram, and one color represents one phylum/family. Relative abundance clustering heat map: each row represents a genus, each
column represents a group, and color represents genus abundance. The closer the color is to dark blue, the lower the abundance is, and
the closer it is to red, the higher the abundance is. The legend shows the abundance value of the corresponding species after
normalization. Red arrows indicate Pre-FMT vs. Post-FMT, blue arrows indicate Pre-FMT+LFD vs. Post-FMT+LFD, upward arrows
indicate increase, and downward arrows indicate decrease. ∗P < 0:05, ∗∗P < 0:01.
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Figure 7: Comparison of the microbiota of FMT+LFD and FMT groups. (a, b) LEfSe analysis showed that the microbiota of the FMT+LFD
group was different to that of the FMT group. (a) LDA score chart shows the biomarker of different groups, and the length of the histogram
represents the impact of different species (i.e., LDA score). The results with LDA ≥ 2 are retained. (b) Evolutionary branch diagram, the
circle radiating from inside to outside represents the classification level from phylum to species, which is displayed to species by default.
Each small circle at different classification levels represents a species under the classification level, and the diameter of the small circle is
directly proportional to the relative abundance. (c) Kruskal-Wallis analysis showed that the relative abundance of various bacteria was
different in the two groups before and after treatment.
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improvement in IBS-SSS, but the efficacy gradually waned
off at six months after treatment in the FMT alone group
while the effect persisted in the FMT+LFD group. The GSRS
showed that FMT in combination with an LFD had better
improvement in abdominal pain, reflux, and dyspepsia. A
previous study reported that an LFD could effectively allevi-
ate the symptoms of abdominal distension and abdominal
pain by reducing intestinal transport load (water and gas)
and stimulation [46]. The FMT also improved HAMA and
HAMD scores, although the addition of LFD did not
strongly affected these scores.

We sequenced 16S rDNA amplicons from fecal samples
of 40 IBS-D patients and found that both treatments
increased the patients’ microbial diversity, as reflected by
an increase of OTUs and the Shannon index. By observing
the changes of dominant microbial structure at the phylum,
family, and genus levels, we found that the increase of Bac-
teroidetes (phylum), Bacteroidaceae (family), Bacteroides
(genus), and Parabacteroides (genus) and the decrease of
Actinobacteria (phylum), Lachnospiraceae (family), Bifido-
bacteriaceae (family), Subdoligranulum (genus), Blautia
(genus), and Bifidobacterium (genus) was more obvious with
FMT+LFD. However, the effect of FMT+LFD on Firmicutes
(phylum), Verrucomicrobia (phylum), Proteobacteria (phy-
lum), Lactobacillaceae (family), Ruminococcaceae (family),
Peptostreptococcaceae (family), Enterobacteriaceae (family),
Pediococcus (genus), Lactobacillus (genus), Romboutsia
(genus), Faecalibacterium (genus), Akkermansia (genus),
and Escherichia-Shigella (genus) was opposite to that
observed with FMT alone. By further analyzing the different
genus/species, we found that an LFD strengthened the FMT-
induced upregulation of Bacteroides, Alistipes, and Rumino-
coccaceae_UCG-002 and the FMT-induced downregulation
on Bifidobacterium, but the effect was opposite on Akker-
mansia and Eubacterium_eligens_group. These findings were
similar to those reported by previous studies [47, 48]. Studies
have found that an LFD was not conducive for the prolifer-
ation of short chain fatty acids (SCFAs) producing bacteria
(Lachnospiraceae, Bifidobacteriaceae, Lactobacillaceae,
Ruminococcaceae, Faecalibacterium, Akkermansia, Blautia,
and Bifidobacterium) as they require a high FODMAP diet
as the substrate to produce SCFAs. The SCFAs can regulate
intestinal pH value and prevent abnormal cell proliferation
[49] and can induce IBS symptoms. Previous studies have
found that the SCFA family induces visceral hypersensitivity
in mice, damages intestinal barrier function, and causes
chronic mucosal inflammation and abdominal distension
[50, 51]. At the same time, SCFAs can activate intestinal
and autonomic nerves, leading to changes in the intestinal
motility and secretion and cause reflux and abdominal dis-
tention [52, 53]. At present, studies have confirmed that
FMT (especially in inflammatory bowel disease) can signifi-
cantly increase the relative abundance of SCFA-producing
bacteria and mediate the increase of intestinal SCFAs (espe-
cially butyric acid) [54, 55]. However, the concentration of
SCFAs in feces was not directly measured in the present
study. Hence, the changes in the concentration of SCFAs
could be indirectly judged by the relative abundance of
SCFA-producing bacteria. Excessive SCFAs may be a

double-edged sword for IBS patients, so the combination of
an LFD may play a balanced role. These findings suggest that
the addition of an LFD to FMT was effective in alleviating the
IBS symptoms by increasing microbial diversity, balancing
the abundance of SCFA-producing bacteria, and increasing
the inhibitory effect of FMT on conditional pathogens (e.g.,
Escherichia-Shigella).

In addition, some epidemiological studies have shown
that IBS is more frequent in females than males, while some
Asian and Chinese studies have suggested that there is no
significant difference between them with IBS-D being more
common in males [56–58]. In our study, there were more
males than females (52 vs. 28). Higher percentage of male
IBS patients in this study may be the reflection of IBS popu-
lation in southern China. Also, male patients with refractory
IBS might be more acceptable to medical therapies especially
FMT (which is considered a little “disgusting” and requires
certain psychological preparation). Furthermore, this study
has some limitations which should be taken into consider-
ation while interpreting the results. First, we could not
explore the effect of an LFD alone on gut microbiota and
symptoms of patients with refractory IBS-D because most
of the study patients had come to our hospital for FMT.
Hence, it was difficult to obtain consent from patients for
an LFD alone. Second, it was not a randomized controlled
trial study, and the influence of the placebo effect on this
study could not be excluded. A meta-analysis [59] found
that the remission rate of FMT in IBS was close to 60.0%,
which was similar to that of the placebo group. Hence,
single-arm studies can overestimate the efficacy of any inter-
vention in IBS. Third, although the LFD was planned and
supervised by a nutritionist in the study, we still could not
rule out the impact of personal dietary preferences on symp-
toms and gut microbiota. The microbial analysis found that
the intragroup difference in the FMT combined with LFD
group was greater than the FMT group, which may be
caused by less rigorous/single dietary intervention. Although
we used feces from strictly screened healthy donors as con-
trols, healthy persons can also have IBS, so the gut microbial
structure may overlap between them. Fourth, IBS is a func-
tional disorder. This study mainly included the commonly
used scales (e.g., IBS-QOL) for determining the efficacy of
FMT and LFD. Although the change in gut microbiota was
a relatively objective index, there were still many influencing
factors. Moreover, because many study patients had come
from far-away places, the change in microbiota at 3 and 6
months after treatment could not be carried out. Future pro-
spective randomized controlled trials with larger sample
sizes and longer follow-ups are required to validate the find-
ings of this study.

5. Conclusions

This study found that an LFD enhances the efficacy of FMT
as reflected by the IBS-QOL, IBS-SSS, and GSRS scores;
increases the microbial diversity after FMT; reduces the
excessive growth of SCFA-producing bacteria to a certain
extent; and strengthens the inhibitory effect of FMT on con-
ditional pathogens.
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