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Abstract

Aims: Healthy gut microbiome plays a crucial role in the treatment of
Hepatitis B Virus (HBV) infection and chronic liver disease. Based on existing
studies, we aimed to explore the difference in the efficacy of Fecal Microbiota
Transplantation (FMT) in patients with different stages of HBV-related chronic
liver disease.

Methods: In this study, 10 HBV patients with HBeAg-negative infection, 8
patients with Chronic Hepatitis B (CHB) infection, and 8 patients with hepatitis
B cirrhosis Child-Pugh score A, 9 patients with hepatitis B cirrhosis Child-Pugh
score B/C were treated with FMT.

Results: Our results demonstrated that continuous FMT treatment improved
liver function, controlled the replication of HBV-DNA, enhanced the intestinal
mucosal barrier function, relieve the degree of liver fibrosis and postponed the
progression of HBV-related chronic liver disease. The result of 16S ribosomal
RNA (rRNA) sequencing indicated that the individual genus and composition of
the bacteria in the feces of patients gradually approached the structure seen
in case of the feces of healthy donors; the number of specific Operational
Taxonomic Units (OTUSs) in the stool samples of patients gradually decreased.

Conclusion: Our study further confirmed that FMT could be a novel and
effective treatment strategy for patients with chronic HBV infection.

Keywords: Hepatitis B virus; Fecal microbiota transplantation; Chronic
hepatitis B; Cirrhosis

Introduction

Continuous HBV infection and repeated inflammation of the liver
could easily progress to end-stage liver diseases, such as liver failure,
cirrhosis, and primary liver cancer, having a great impact on the
quality of life and lifespan of patients [1,2]. In China, HBV infection
is the most common cause of cirrhosis and primary liver cancer [3],
with the proportion of patients with HBV infection-induced cirrhosis
being as high as 60% [4], thereby posing a prominent public health
problem in China. Therefore, it is particularly important to study
HBV-related chronic liver diseases.

With the implementation of the Intestinal Microbial Genome
Project, research on the microecology of the digestive tract has received
extensive attention [5]. Animal studies have shown that pathways of
HBV immune tolerance, particularly through the Toll-Like Receptor
4 (TLR4)-dependent pathway [6,7], exist in young mice before the
establishment of intestinal bacteria, while the microbiota in the
mature intestinal tract of adult mice have been reported to stimulate
the immune response of the liver, leading to rapid HBV clearance
[8]. A previous study has shown that the gut microbiome appears to
play an important role in the pathophysiological process of chronic
liver disease, and the severity of disorders in the flora was shown
to be related to the severity of liver disease [9]. Another study has

shown that the gut microbiome could regulate immune homeostasis,
thereby protecting the liver from viral hepatitis infections [10]. Due
to the importance of the intestinal microecological changes on the
prognosis of liver diseases [11], effectively improving the intestinal
microecological status of patients with chronic HBV infection,
understanding the mechanisms governing its occurrence and
development, and exploring appropriate interventions and treatment
measures for the management of these diseases is urgently needed.

Fecal Microbiota Transplantation (FMT), which refers to the
processing of fresh feces from selected healthy donors into a fecal
suspension introduced into the gut of patients, has been studied
as a method for the treatment of intestinal and extra-intestinal
diseases [12,13]. In recent years, as the incidence of Clostridium
Difficile Infection (CDI) has increased year by year, FMT has been
used increasely in clinical practice. For this reason, the European
Conference proposed a consensus on FMT clinical practice and
published it in Gut magazine in 2017 [14]. FMT is widely used in
intestinal diseases, but there are still relatively few clinical studies on
chronic liver diseases, especially HBV-related chronic liver diseases.
Therefore, this study will explore the efficacy of FMT in the treatment
of HBV-related chronic liver disease and the changes in intestinal
microbes.
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Materials and Methods

Diagnostic criteria of patients

Patients were diagnosed with chronic HBV infection or hepatitis
B cirrhosis according to the Chinese Medical Association Liver
Diseases Branch and the Chinese Medical Association Infectious
Diseases Branch October 2015 Guidelines for Prevention and
Treatment of Chronic Hepatitis B (updated version 2015).

Inclusion criteria

The following criteria needed to be met by patients to be included
in our study:

. Patients who have been diagnosed with chronic HBV
infection without taking any treatment measures.

. Patients meeting the diagnostic criteria for hepatitis B
cirrhosis, with no improvement in the past 3 months through routine
treatment of liver (Glutathione, Polyene phosphatidylcholine),
diuretic (Furosemide, Spironolactone), or nutritional support.

. Patients who were 18-85 years old, without gender
limitations, and a follow-up time greater than 3 months.

. All patients refused to use antiviral drugs due to their own
reasons, and at the same time, it was fully evaluated that no antiviral
drugs would not cause serious consequences. Therefore, no antiviral
drugs were used during treatment and follow-up.

. Patients suitable for and undergoing gastroscopy and FMT
treatment.

. Patients who agreed to participate in this clinical study
and signed an informed consent form to receive follow-up, as well as
consented to the retention of their specimens on time.

Exclusion criteria

Any of the following criteria met by patients, led to their exclusion
from our study:

. Pregnant or lactating women; drug users; suspected or
confirmed history of alcohol/drug abuse.

. Patients with a history of large abdominal surgery,
gastrointestinal bleeding, genetic or metabolic liver diseases.

. Patients suffering from diseases that might cause
gastrointestinal tract damage, such as diabetes, thyroid disease,
intestinal obstruction, inflammatory bowel disease, etc.

. Patients taking antibiotics, non-steroidal anti-inflammatory
drugs, microecological preparations, gastrointestinal motility drugs,
acid suppression drugs, and other drugs affecting the intestinal flora
2 weeks before treatment.

. Patients with other serious diseases (including serious
infections, severe heart, kidney, respiratory, blood, neuropsychiatric
diseases, etc.) that might affect their survival or combined with other
types of tumors.

Research design

Due to the complexity of clinical diagnosis and treatment, the
clinical implementation process of FMT, and the poor acceptance
of FMT in some patients, the random double-blind design could not

be effectively applied in clinical practice. Therefore, we conducted a
prospective study. According to the clinical diagnosis, the included
patients were divided into four groups: Group Al comprised HBeAg-
negative infection. Group A2 included patients with CHB. The
included HBV patients with HBeAg-negative infection and CHB had
not took antiviral drugs for various reasons, and it is fully assessed
that without antiviral drugs would not lead to serious consequences.
Therefore, In order to understand the effect of FMT on hepatitis
B virus, only a single FMT treatment (1 time/month, 3 times) was
accepted during treatment. Group B1 included Child A patients with
hepatitis B cirrhosis. Group B2 comprised Child B/C patients with
hepatitis B cirrhosis. The included patients with liver cirrhosis who
are ineffective in conventional hepatoprotection and diuresis, in
order to fully benefit the patients, receive both conventional treatment
(comprehensive treatment of routine liver protection, diuresis,
nutritional support) and FMT treatment (1 time/month, 3 times). All
participants had healthy diet during treatment and follow-up. All the
Patients signed an informed consent form. The study was approved
by the Ethics Committee of the First Affiliated Hospital of Chengdu
Medical College and passed the American Clinical Trial Registration
Certification on 01/09/2017 (ClinicalTrials.gov ID: NCT03014505).

Donor screening

We choose healthy men between the ages of 18 and 30 and have
a body fat index between 18.5 and 23.9 as donors for FMT. Donors
were healthy individuals without diseases or pathologic conditions
potentially associated with changes in the gut microbiota. Donors
were not use of antibiotics, immunosuppressive medications,
systemic antineoplastic agents, and recent ingestion of a potential
allergen in the preceding 3 months before screening. After the initial
screening, they were subjected to strict examinations (serology and
stool tests). Serological tests include blood routine, liver and kidney
function, electrolytes, blood sugar, blood lipids, syphilis, HIV,
HAV, HBV, HCV. Stool examination includes stool routine, human
rotavirus, ova and parasites, Cryptosporidium, Cyclospora, Isospora,
Clostridium difficile toxin, and Giardia, Blastocystis hominis and
Dientamoeba fragilis. They are considered healthy blood donors
only if all serological and stool tests are normal. Taking into account
the incubation period of the disease, screening and inspection are
repeated every 6 months. In addition, the fecal donors with healthy
diet, regular exercise every day, no smoking, no alcohol, and no other
unhealthy foods, such as preserved and canned food. In the end, 4
healthy people who met the requirements successfully donated their
stools.

Preparation of fecal suspensions

In the morning, the fecal sample of the donor that was not
contaminated by urine was placed in a sterile closed container.
Immediately after receiving the specimen, the fecal suspension was
prepared (completed within 2h). A 50g stool sample was added
to 250ml of 0.9 % physiological saline, and a glass rod was used to
homogenize it. The homogenized suspension was then filtered
through a stainless-steel molecular sieve having a diameter of 2.0, 1.0,
0.5, and 0.25 mm, with the larger particulate matter being filtered out.
Subsequently, the filtered slurry was centrifuged at 6000 g for 15 min,
discard the supernatant and added 50 ml physiological saline solution
to homogenize and resuspended the pellet.
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FMT infusion

Patients were required to be fasting for at least 8 h before FMT
treatment. For the FMT treatment, freshly prepared bacterial solution
was used. All patients underwent gastroscope FMT treatment:
the patient was placed in the left lateral position under propofol
intravenous anesthesia, and after the gastroscope reached the
duodenal level, a sterile catheter was inserted from the gastroscopic
biopsy hole, and then, the prepared bacterial solution (50ml) was
slowly injected from the catheter with a syringe. After completion
of the injection of the solution, the catheter and the gastroscope
were slowly withdrawn to avoid aspirating the air, and patients were
observed for potential back flow of the fecal suspension. After FMT
treatment, the patient was required to maintain a half-sitting position
of 45 degrees for at least 4h, follow a light liquid diet after fasting for
2-4 h, and stay in the hospital for at least 8-10 h.

Assessments

Blood samples: 5ml of peripheral venous blood was collected
from patients 2 days before FMT treatment and 3 months after the
last FMT treatment. We evaluate liver function and HBV-DNA
indicators before and after treatment. The amount of Diamine Oxidase
(DAO), D-lactic acid, interleukin-6 (IL-6), tumor necrosis factor-a
(TNF-a), Collagen Type IV (COL IV), Procollagen III Propeptide
(PIIIP), Hyaluronic Acid (HA) and Laminin (LN) were measured in
the serum of patients using the human ELISA kit, according to the
manufacturer’s instructions.

Intestinal flora analysis: 3-5 g of early morning feces were
collected 2 days before FMT treatment and one month after each
treatment of FMT, and 2 and 3 months after the last treatment, placed
in sterile EP tubes, and then stored in a refrigerator at -80°C. We used
the fecal genomic DNA extraction kit to extract total bacterial DNA
from the stool samples. The concentration and purity of DNA samples
were verified by nanodrop 2000 instrument and sent to Tianjin novo
Zhiyuan sequencing Co., Ltd. for 16S sequencing. The Illumina Hiseq-

Table 1: Baseline Demographic of the enrolled Patients.

PE250 technology-sequencing platform was used to perform 16S V3-
V4 region sequencing of the sample using the double-end sequencing
method, and corresponding data were statistically analyzed according
to the sequencing results.

Statistical analysis

Obtained data were expressed as the mean + standard error (se).
Mean values were compared using the ¢-test. The Mann-Whitney
test was used to compare the measurement data between two or
more groups. The Wilcoxon rank sum test was used for comparison
between two or more groups, and the chi-square test was used for
comparison of the count data. A P value <0.05 indicated a statistically
significant difference.

Results

Baseline conditions of the subjects in this study

A total of 35 patients were enrolled in this study: 18 patients
with chronic HBV infection, including 14 males and 4 females, aged
between 24 to 71 y, with an average age of 44.83 + 12.24 y (Among
these, there were 10 cases of HBeAg-negative infection, and 8 cases of
patients with CHB). 17 patients with hepatitis B cirrhosis, including
12 males and 5 females, aged between 41 to 82 y, with an average age
of 54.59 + 11.09 y (among these, there were 8 cases of Child-Pugh A
grade, 8 cases of B grade, and 1 case of C grade) (Table 1).

FMT improved liver function in patients with HBV-related
chronic liver disease

In the group of chronic HBV infection, the liver function
indicators did not change much after FMT, but all indexes were
within the clinical normal reference range before and after treatment
in HBeAg-negative infection patients. In contrast, with the treatment
of FMT, the levels of Alanine Transaminase (ALT), Aspartate
Transaminase (AST) and Gamma-Glutamyl Transferase (GGT) were
significantly reduced in CHB patients (P <0.05, Table 2).

Chronic HBV infection Hepatitis B cirrhosis
Group HBYV patients with HbeAg negative CHB Child-pugh A Child-pugh B Child-pugh C
Number 10 8 8 1
Age () 44.83+12.24 41-82 (54.59+11.09)
Data are expressed as n, mean + standard deviation.
Table 2: The level of liver function indexes in patients with chronic HBV infection.
Group Al (10) Group A2 (8)
Group (n) Time
Before FMT After FMT P Before FMT After FMT P
ALT (U/L) 34.56+13.99 35.00+20.86 0.9072 129.1+79.56 52.38+37.78 0.0469
AST (U/L) 36.67+17.32 34.11+17.52 0.6563 73.13+48.88 42.25+29.82 0.0395"
GGT (U/L) 21.11+12.87 20.11+£11.29 0.7109 68.75+47.56 47.25+31.84 0.0424"
PA (mg/L) 192.0+61.70 197.0+40.22 0.6021 204.8+79.61 186.8+81.76 0.2614
ALB (g/L) 43.79+5.022 44.56+4.988 0.6631 43.83+3.764 42.76+3.504 0.3681
CHE (U/L) 310.9+119.0 325.2+88.61 0.2359 344.0+121.5 327.9+118.0 0.2653
ALP (U/L) 89.67+31.81 81.44+20.22 0.1549 111.8+80.30 88.75+39.38 0.2081
TBI (umol/L) 25.11+23.33 18.48+8.255 0.2391 15.06+4.905 15.61+4.409 0.745
TB (umol/L) 24.91+58.22 12.32+20.35 0.3515 3.513+2.039 3.325+1.757 0.6741

Group Al was HBeAg-negative infection patients. Group A2 was CHB patients. Compared with before treatment. "P<0.05.
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Table 3: The level of liver function in patients with Hepatitis B cirrhosis.

Group B1 (8) Group B2 (9)
Group (n) Time
Before FMT After FMT P Before FMT After FMT P

ALT (U/L) 45.88+22.67 57.75+27.19 0.5845 30.67+14.15 25.67+8.078 0.5162
AST (U/L) 51.63+21.37 54.63+44.86 0.8509 46.22+21.63 40.11+13.20 0.241
GGT (U/L) 78.75+39.49 66.38+45.14 0.556 90.11+86.39 69.11+79.40 0.0717
PA (mg/L) 141.1+44.51 135.5+38.97 0.7036 89.78+19.27 100.7+55.52 0.5116
ALB (g/L) 40.48+5.763 41.80+3.507 0.3963 33.62+3.118 34.68+3.492 0.4583
CHE (U/L) 209.9+64.58 223.8450.72 0.4226 178.6+68.95 177.3£73.01 0.9262
ALP (U/L) 95.13+22.83 94+29.96 0.9336 145.7£52.51 158.4+47.85 0.1159
TBI (umol/L) 22.59+11.88 25.68+12.34 0.5037 33.08+15.47 30.73+17.85 0.0425
TB (umol/L) 24.51+19.62 20.96+16.74 0.6983 60.12+48.33 57.08+41.08 0.6052
Score 5.375+0.5175 5.250+0.4629 0.5983 8.444+1.333 6.556+1.333 0.0013"

Group B1 was Child-pugh A patients. Group B2 is Child-Pugh B/C patients. Score was Child-pugh score. Compared with before treatment. "P<0.05.

Table 4: The level of HBeAg and HBV-DNA in patients with HBV-related chronic liver disease.

HbeAg(n) HBV-DNA(n)
Group Time
Positive(+) Negative(-) Response rate (%) Positive(+) Negative(-) Response rate (%)
Before FMT 9 9 11 7
A
After FMT 6 12 6 12
36.4 53.3
Before FMT 2 15 4 13
B
After FMT 1 16 1 16

Group A was HBeAg-negative infection and CHB patients. Group B was Child-pugh A and Child-Pugh B/C patients.

Table 5: The serum level of TNF-a, IL-6, DAO and D-lactate in patients with Hepatitis B cirrhosis.

Group Time TNF-a (ng/ml) IL-6 (pg/ml) DAO (miU/ml) D-lactate (uM/ml)
Before FMT 16.87+3.940 170.0+21.50 321.3+81.10 215.8+34.10
B1 After FMT 16.05+3.760 167.6+40.53 258.9+53.48 194.9+55.52
p 0.0447" 0.8391 0.0375" 0.0423"
Before FMT 22.88+3.843 245.9+50.28 383.6+99.2 243.5+55.13
B2 After FMT 21.95+4.515 231.8+33.62 352.2+83.61 221.9+51.10
P 0.2611 0.0489" 0.2066 0.0448"

Group B1 was Child-pugh A patients. Group B2 was Child-Pugh B/C patients. Compared with before treatment. ‘P<0.05.

In the group of hepatitis B cirrhosis, there was no significant
difference in liver function after FMT treatment for Child-Pugh A
patients. However, the levels of ALT, AST, GGT, total bilirubin
(TBIL), TBA and Child-Pugh scores decreased in Child-Pugh B/C
patients of hepatitis B liver cirrhosis, while the levels of PA and
ALB increased. In particular, TBIL and Child-Pugh scores were
significantly reduced (P <0.05, Table 3).

These results indicated that FMT could improve liver function
in some patients with HBV-related chronic liver disease. And these
results show a trend that the improvement is more obvious as the
severity of the HBV-related chronic liver disease.

FMT controlled the replication of hepatitis B virus, and
converted HBeAg-positive patients to HBeAg-negative

In order to evaluate the effect of FMT on hepatitis virus, all
patients included did not take any antiviral drugs before and during
the study. In the chronic HBV infection group, 3 of 9 HBeAg-positive
patients achieved negative conversion, and in the liver cirrhosis
group, 1 of 2 HBeAg-positive patients achieved negative conversion

after FMT. Therefore, among the 11 HBeAg-positive patients, the
converted negative ratio of E antigen was 36.4% (4/11) (Table 4).
With the treatment of FMT, in the chronic HBV infection group,
5 of 11 HBV-DNA positive patients achieved negative conversion,
and in the liver cirrhosis group, 3 of 4 HBV-DNA positive patients
achieved negative conversion. The overall viral response rate among
15 HBV-DNA positive patients was 53.3% (8/15) (Table 4). Those
results indicated that FMT treatment could control the replication
of hepatitis B virus, decrease HBV-DNA positive to negative, and
convert HBeAg-positive patients to the HBeAg-negative status. It
showed that FMT could elicit antiviral effects.

FMT enhanced the intestinal mucosal barrier function in
patients with hepatitis B cirrhosis

TNF-a and IL-6 are the initiating factors of the damage of the
intestinal mucosal barrier [15]. And DAO and D-lactic acid are
released into the blood when the intestinal mucosal barrier function
is impaired. Therefore, determination of the levels of TNF-a, IL-6,
DAO and D-lactic in peripheral blood can be used to indirectly reflect
the intestinal mucosal barrier [16]. The levels of serum serum TNF-q,
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Table 6: The serum level of COL IV, HA, PIIIP and LN in Patients with Chronic HBV Infection.

Group Time COL IV (ng/ml) HA (ng/ml) P 1l P (ng/ml) LN (ng/ml)

Before FMT 1722+792.9 36.73+24.00 29.33+17.55 14.33+13.40

Al After FMT 1216+916.1 32.94+22.56 26.85+18.30 14.29+11.75
p 0.0447 0.0049 0.2555 0.9743

Before FMT 1624+935.6 21.18+19.33 24.57+15.52 23.30£11.07

A2 After FMT 1579+748.9 21.62+19.01 23.95+14.67 21.66+14.18
P 0.8476 0.6359 0.8225 0.0374"

Group Al was HBeAg-negative infection patients. Group A2 was CHB patients. Compared with before treatment. "P<0.05.

IL-6, DAO and D-lactic acid in patients with hepatitis B liver cirrhosis
decreased after FMT. For Child A patients, the indicators of TNF-a,
DAO and D-lactic acid showed a significant decrease, while for Child
B/C patients, IL-6 and D-lactic acid were significantly reduced (P
<0.05, Table 5). It suggested that the intestinal mucosal barrier of
patients with cirrhosis was improved after FMT treatment.

FMT relieved the degree of liver fibrosis in patients with
chronic HBV infection

Liver biopsy is the gold standard for testing liver fibrosis, but it
was not used in this study due to its high risk, difficulty and cost. For
patients with chronic liver disease, the levels of COL IV, HA, PIIIP,
and LN could be used to evaluate the degree of liver fibrosis. In this
study, the serum levels of COLIV, HA, PIIIP, LN decreased in patients
with chronic HBV infection after FMT treatment. For HBeAg-
negative infection patients, the levels of COL IV and HA decreased
significantly, whereas the levels of LN decreased significantly (P
<0.05, Table 6) in patients with CHB. Which indicated that FMT
might improve liver fibrosis through a certain mechanism.

Differences in gut microbiota in patients with HBV-related
chronic liver disease

In order to evaluate changes in the intestinal microbial
community induced by FMT, we used 16srDNA gene amplification
and sequencing technology to analyze the variable region V3-V4
of stool samples before and after FMT treatment. The results were
evaluated using OTUs with a 97% homology cutoff. We found that
the A (chronic HBV infection) and B (hepatitis B cirrhosis) group
of the study yielded 4577262 and 4477089 high-quality sequences,
respectively, resulting in 9692 and 9780 OTUs, respectively.

Next, we evaluated the relative abundances of the main
taxonomic groups of the intestinal flora and analyzed the structures
of the intestinal flora at the phylum and genus. In samples of chronic
HBYV infection patients, Bacteroides represented the most important
bacterial category, accounting for more than 54.3% of all bacteria at
the phylum (Figure 1A). In addition, at the genus level, bacteria with
relatively high abundances included (in decreasing order) Bacteroides,
Prevotella and Rumenococcus accounted for 26.4%, 21.3%, and 9.4% of
the total sequence, respectively (Figure 1B). Meanwhile, we valuation
of changes in fecal bacterial composition of donor and patient samples
at different treatment stages. The composition of fecal bacteria in
the samples of donors and patients at different treatment stages was
dominated by Pachybacteria and Bacteroides (Figure 1C). At the
genus level, Bacteroides (Bacteroidetes), Prevotella (Bacteroidetes),
and Rumenococcus (Firmicutes) were the most important genera in
all samples (Figure 1D). In the samples of patients with hepatitis B
cirrhosis, Pachybacteria and Bacteroides form the two most important

phyla, accounting for 43.0% and 49.3% of the total sequences,
respectively (Figure 1E). At the genus level, Bacteroides was the most
important genus in all stool specimens (Figure 1F). In the grouped
samples of donors and patients at different treatment stages, the
composition of fecal bacteria was dominated by Pachybacteria and
Bacteroides (Figure 1G). At the genus level, the feces of donors and
patients mainly comprised Bacteroides, Prevotella, and Rumenococcus
(Figure 1H). In short, the individual bacterial phyla and genera were
observed to gradually resemble the gut microbiota of the donor after
FMT treatment.

Venn map analysis was performed to analyze the difference
of intestinal flora before and after FMT treatment, as well as the
difference of intestinal flora between the donors and the patients.
The Venn diagram reflects total number of OTUs in each group, the
overlap OTUs between all the group, and unique OTUs in each group.
The number of specific OTUs before (D0) and after (D1, D2, D3)
treatment in patients with chronic HBV infection was 383, 290, 563,
and 49, respectively, showing a gradually decreasing trend (Figure
2A). The number of specific OTUs of fecal samples before (D0) and
after (D1, D2, D3) treatment was 381, 287, 223, and 93, respectively,
in patients with hepatitis B cirrhosis (Figure 2B). Accordingly, it was
shown that the relative abundance of specific gut microbiota in the
feces of patients after FMT treatment was gradually decreased.

Mild discomfort after FMT treatment

35 patients with HBV-related liver diseases had no serious adverse
reactions during treatment and follow-up. 18 patients experienced
mild discomfort, including 5 patients with mild abdominal pain and
discomfort after treatment, 3 patient with abdominal distension. 4
patients with diarrhea, 2 patients with difficulty defecation, 4 patients
with fever. Without medical treatment, all discomfort eased itself
within 48-72 hours.

Discussion

FMT has been shown to improve liver function in patients with
HBV-related chronic liver disease. In this study, the levels of ALT,
AST, GGT, ALP and TBA were observed to be decreased after FMT
treatment, indicating that the liver function in patients with CHB was
restored. In Child-Pugh B/C patients, the synthesis and metabolism
of the liver are poor. After FMT treatment, all indicators showed signs
of improvement. Especially, the TBIL content and Child-Pugh score
were significantly improved. Another study has clearly indicated that
the metabolism of bilirubin was correlated to the gut microbiota, and
cholestasis could lead to increased cytotoxicity [17]. In this study, the
TBIL index of the patients was significantly restored, suggesting that
the gut microbiota of the patients may changed following FMT. In

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Gastroenterol 8(2): id1117 (2021) - Page - 05



Zhou Y and Li X-A Austin Publishing Group

Chronic HBV infection
phylum
A 14 B 14
@ ‘ ‘= Unassigned:Other it
e 0751 =g acaotacten § 07541
o = k_Bacteria:p_Actinobacteria © %
o | = Racteria:p_Armatimonadetes | T3
g k__Bacteria;p_Bacteroidetes =
=] _Bacteria;p_ Chloroflexi 3
L] 05 | e k_Bacteria;p_Cyanobacteria © 0.5
(1]  k__Bacteria;p__Elusimicrobia =
= = k_Dacteriap_FOP g
E . other g
5 Ko
S 0251 © 025/
0 0
Cc 11 D 14
[i}] mm k_Bacteria;p_Bacteroidetes 3
.k Bacteriap_Firmicutes
2 075+ K Bacteriap_proteobactera £ 0751
g _— i Bacterisp_Actinubacteria %
k_ Bacteria;p_Fusobacteria
g — Cﬂatmﬂa::_C\'Bnohact!m 5
- k_Archacap_E chacots
® 05 = u_smﬁ‘;:_r:?" ® 05+
@ — i Bactenap_| Thermi| @
= m k_Bacteria;p_Tenericutes =
E . othor E
[T} 4 @ 4
S 025 & 025
0 0.
S F S ASLS
& y"' ot @d‘ & &
vASL
Hepatitis B cirrhosis
E 1 7 F 1 b I I
Iy
g
S 0751 g 075 Ill
% 3 k_Bacteria;p_ Firmicutes % » | I !
=] .k Bacteriap  Bacteroidetes k=] 4
= *_Bacteria;p_Proteabacteria c L
3 k_Bacteria;p_Fusobactaria _g I 'I|
© 0.5- oacirmpsapees | ®  0.51f fl
g *_Bactoriap_TM7 g | i
o k__Bacteria;p_ Tenericuts -
1 k_,;:hae:::_Euyam;:ua o
-— &__Bacterin;p__Acidobacteria —
& 025; oier & 0.25;
0: it 0
Number of each sample
G H
1 4 14
§ 0'?,5 : k_Bacteria;p_Firmicutes § 075 J
g =
=
g W i Bacteriap_Actinobacteria _g
ﬁ 05 e _Bactariap_Synergietates o™ (0.5
0 = e | @
.E = k_au?mlu;'n_vm.xmmm. ﬁ
% _ other E
2 0.25 - & 0.25
0 0
o«
Figure 1: Community structure of gut microbiota (phylum and genus level) in patients with chronic HBV infection, hepatitis B cirrhosis and donors. The x-coordinate
represents the sample group, while different colors represent different species. (A) Phylum level for each sample in patients with chronic HBV infection. (B) Genus
level for each sample in patients with chronic HBV infection. (C) Relative abundance of species for each group at the phylum levels in patients with chronic HBV
infection. (D) Relative abundance of species for each group at the genus levels in patients with chronic HBV infection. (E) Phylum level for each sample in patients
with hepatitis B cirrhosis. (F) Genus level for each sample in patients with hepatitis B cirrhosis. (G) Relative abundance of species for each group at the phylum
levels in patients with hepatitis B cirrhosis. (H) Relative abundance of species for each group at the genus levels in patients with hepatitis B cirrhosis.
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Figure 2: Venn map of the common and unique gut microbiota OTUs of donors and patients with chronic HBV infection (A) and hepatitis B cirrhosis (B). Each circle
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conclusion, in our study, FMT treatment improved liver function in
patients with hepatitis B cirrhosis.

HBV DNA is a marker of HBV infection and can thus be used
for risk stratification of liver cancer. Studies reported that the serum
HBV DNA level (210,000 copies/mL) is a strong risk predictor of
hepatocellular carcinoma independent of HBeAg, serum alanine
aminotransferase level, and liver cirrhosis [18]. For patients with
chronic HBV infection, it has been recommended that the amount
of HBV DNA and HBsAg be reduced to low levels in order to reduce
the risk of liver cancer [19]. To achieve this goal, the currently
accepted method has been antiviral therapy, but antiviral drugs can
only inhibit viral replication, and not completely eradicate the virus
[20]. Moreover, a series of problems such as long use period, poor
compliance and high price of antiviral drugs often prevent some
patients from achieving the treatment goals. In our study, it was
found that FMT treatment could control the replication of hepatitis B
virus, decrease HBV-DNA positive to negative, and convert HBeAg-
positive patients to the HBeAg-negative status. These results showed
that FMT could elicit antiviral effects. FMT can achieve the efficacy of
certain antiviral drugs, and this method may fundamentally improve
the body’s immunity to eliminate HBV, instead of inhibiting viral
replication like antiviral drugs to achieve therapeutic goals. This
result provides a certain basis for the use of FMT in the treatment of
hepatitis B. However, in the experiment, not all HBV-DNA-positive
patients were well controlled after FMT treatment. Therefore, in the
next step, we need to design more rigorous experiments for in-depth
research.

The gut microbiota plays an important role in maintaining the
integrity of the intestinal barrier [21]. Our study showed that serum

TNF-a, IL-6, DAO, and D-lactic acid levels decreased in patients
with hepatitis B cirrhosis after FMT treatment, suggesting that the
intestinal mucosal barrier of patients with liver cirrhosis improved
after FMT treatment. The intervention of FMT on the intestinal flora
of patients with hepatitis B liver cirrhosis can delay the progression
of the disease by regulating the disturbance of intestinal flora, the
imbalance of intestinal barrier function and related cytokines. At
the same time, the results suggest that intestinal flora disorder,
intestinal barrier function imbalance and related cytokine networks
may be involved in the pathogenesis of chronic liver disease, and the
intervention and regulation of intestinal flora may be the target to
delay the occurrence and development of chronic liver disease and
improve the prognosis.

The unique analysis of OTUs, which revealed the number of OTUs
unique to the intestinal tract of the two types of patients, exhibited a
significant downward trend with time delay, similar to other studies
[22]. This finding indicated that unique flora are involved in the
process of disease progression, and as the number of unique flora in
patients was significantly reduced after FMT treatment, the condition
of the patients could be controlled. However, specifying and
identifying the flora that might be playing a role in this process might
require a more in-depth statistical analysis or further clarification
using metagenomic sequencing [23].

Our study further confirmed that FMT might serve as a novel
and effective treatment for patients with chronic HBV infection. At
present, the technology used by FMT is relatively mature, and the
treatment mechanism is mainly to achieve the purpose of curing
diseases by rebuilding a new intestinal flora and realizing a new
flora-host interaction. However, there are still many problems in the
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clinical application of FMT (e.g: How long is the best time for the
effect of FMT? How strict is the donor screening? How to transplant
FMT?), and further research and discussion are needed. Due to the
limitations of study time, manpower, and patient FMT acceptance,
the number of cases included in this study is small and the study
period is short. This has a certain impact on the results of the study,
and further large-scale clinical studies are needed. In short, FMT
research needs to combine short-term efficacy and long-term follow-
up to better evaluate clinical efficacy and safety.
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