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Abstract: Objective: To identify the species and abundance of microbes in the bile of patients with biliary injury
after liver transplantation. To explore the potential microbial involvement, we evaluated the differences in biliary
microbiota in patients with and without biliary injury after liver transplantation. Methods: Bile was collected by per-
cutaneous transhepatic cholangiography drainage from 5 liver transplant recipients with biliary injury (case group)
and from the T-tube in 4 liver transplant recipients without biliary injury (control group). 16S rRNA sequencing was
performed on the bile samples. Results: The biliary bacterial phyla in patients after liver transplantation were Fir-
micutes, Proteobacteria, Actinobacteria, Bacteroidetes, and Acidobacteria in order of abundance from highest to
lowest. There were differences in genus Prevotella (P = 0.03), Porphyromonas (P = 0.02), and Fusobacterium (P =
0.02) between the two groups, which were significantly abundant in the case group. There was no significant dif-
ference in the diversity analysis between the two groups (P > 0.05). The terpenoid backbone biosynthesis pathway
and the histidine degradation pathway were significantly enriched in the bile samples in the case group. Compared
with the control group, the pyruvate ferredoxin oxidoreductase pathway was depleted in the samples from the case
group. Conclusion: This is the first bile microbiota report using high-throughput 16S rRNA gene sequencing of bile
material in liver transplant recipients. There were significant differences in bacterial abundance between patients
with and without biliary tract injury after liver transplantation but no significant differences in the diversity. KEGG
analysis showed that there were differences in metabolic pathways between the two groups.

Keywords: Liver transplantation, biliary injury, microbiota

Introduction patients has been studied [5]. However, the bile
duct microbiota of liver transplant recipients
Biliary injury is one of the major complications has not been investigated.
after liver transplantation with an incidence of
20-30% [1, 2]. Mortality rates secondary to bili-
ary complications range from 8% to 15% [3].
However, the etiology of these complications is

often unknown.

In this study, metagenomic sequencing technol-
ogy was used to explore the species and abun-
dance of microbes in bile of patients with biliary
injury after liver transplantation.

Liver transplant recipients with biliary injury are Patients and methods

considered to be at high risk of biliary infection.
However, as multiple bacteria coexist in the bili-
ary tract, culture-dependent methods are
insensitive and biased for bacterial identifica-

Patient selection

The case group comprised of 5 patients after
liver transplantation in our Liver Transplant

tion and are inadequate to study the entire
microbial community [4]. In the past decade,
high-throughput sequencing technology has
been used to investigate microbial diversity.
Variation of the intestinal microbiome during
the perioperative period in liver transplant

Center who met the following criteria: (1) age >
18 years; (2) imaging examination (ultrasound,
magnetic resonance cholangiopancreatogra-
phy) showing biliary stricture and segmental
expansion; (3) bile duct radiography showing
multiple stenosis or segmental expansion with
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filling defect, involving the left and right hepatic
duct; (4) the T-tube or percutaneous transhe-
patic cholangiography drainage (PTCD) tube
was kept in place; (5) laboratory examinations
showing abnormal liver function (alanine ami-
notransferase, aspartate aminotransferase,
total bilirubin, direct bilirubin, alkaline phospha-
tase, and y-glutamyltransferase); and (6)
informed consent had been signed.

The exclusion criteria were as follows: (1) clini-
cal and pathological diagnosis of acute and
chronic rejection; (2) imaging examinations
showing biliary anastomosis stenosis after liver
transplantation; (3) clinical and pathological
diagnosis of recurrence of primary diseases
(virus hepatitis or tumor); and (4) invasive sys-
temic infection.

The control group was comprised of 4 patients
after liver transplantation in our center who
met the following criteria: (1) age > 18 years; (2)
laboratory examinations showing normal liver
function and B ultrasound showing normal
blood flow and bile duct of the graft; (3) the
T-tube was reserved and bile duct radiography
showed no stenosis or expansion; and (4)
informed consent had been signed.

All of the patients received tacrolimus (FK506)-
or cyclosporine-based triple immunosuppres-
sive therapy after liver transplantation and did
not use antibiotics. There were no organs from
executed prisoners used. The study was
approved by the Ethics Committee in Beijing
Friendship Hospital.

Sample collection

In the case group, bile was collected by PTCD.
In the patients with a T-tube, bile was collected
from the tube after sterilization. In the control
group, bile was collected aseptically from the
T-tube. The samples were stored at -80°C until
being used for DNA extraction.

DNA extraction and quality control

The samples were treated using a mini-bead
beater (Biospec Products, Bartlesville, OK,
USA) and DNA was extracted using a QlAamp
DNA Mini Kit (Qiagen, Hilden, Germany). The
DNA extracts were stored at -80°C until use.
The concentration of DNA was determined
spectrophotometrically. Agarose gel electro-
phoresis was used to detect DNA integrity.
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PCR amplification

The V4-V5 region of the bacterial 16S rRNA
gene was amplified by PCR (95°C for 3 min, fol-
lowed by 28 cycles at 95°C for 30 s, 55°C for
30sand 72°C for 45 s, and a final extension at
72°C for 10 min) using primers 338F 5'-
barcode- ACTCCTACGGGAGGCAGCAG)-3’ and
806R 5-GGACTACHVGGGTWTCTAAT-3". PCR
was performed in triplicate in a 20-yL mixture
containing 4 yL 5 x FastPfu Buffer, 2 uL 2.5
mM dNTPs, 0.8 pL each primer (5 uM), 0.4 yL
FastPfu Polymerase, and 10 ng template DNA.

lllumina MiSeq sequencing

Amplicons were extracted from 2% agarose
gels and purified using the AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences, Union City,
CA, USA) and quantified using QuantiFluor-ST
(Promega, Madison, WI, USA). Purified ampli-
cons were pooled in equimolar amounts and
paired-end sequenced (2 x 250) on an lllumina
MiSeq platform according to the standard pro-
tocols. The raw reads were deposited in the
NCBI Sequence Read Archive (SRA) database.

Processing of sequencing data

Raw fastq files were demultiplexed, quality-fil-
tered by Trimmomatic, and merged by FLASH
with the following criteria: (1) The reads were
truncated at any site receiving an average qual-
ity score < 20 over a 50 bp sliding window. (2)
Primers were exactly matched allowing 2 nucle-
otide mismatching and reads containing ambig-
uous bases were removed. (3) Sequences
whose overlap longer than 10 bp were merged
according to their overlap sequence.

Operational taxonomy units (OTUs) were clus-
tered with 97% similarity cutoff using UPARSE
(version 7.1, http://drive5.com/uparse/) and
chimeric sequences were identified and
removed using UCHIME. The taxonomy of each
16S rRNA gene sequence was analyzed by RDP
Classifier (http://rdp.cme.msu.edu/) against
the SILVA (§SU115) 16S rRNA database using a
confidence threshold of 70% [6].

Statistical analysis

Species richness was evaluated by Chao, ACE,
and OBS. Species diversity was evaluated by
Shannon’s, Simpson’s, and Inv Simpson’s
index. The calculations of principal coordinates
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Table 1. Demographics and characteristics of liver transplant patients

dinates, and KEGG mo-

with or without biliary injury dule profiles.
Case Time since
i i i Results
No. Primary disease Age (y) Sex transplantation Operation
S-1 Hepatocellular carcinoma 52 Male 11 m LT Patients
S-2 Primary biliary cirrhosis 55 Female 4m LT
S-3 Idiopathic portal hypertension 24  Male 12m LDLT From September 2015
sS4 Hepatitis B cirrhosis 30 Male 5y LT to June 2016, four .“‘{'
S5 Hepatocellular carcinoma 18 Male 2m LT er transplant recipi-

S: case group; C: control group; LT: liver transplantation (Donor type was deceased donor);

LDLT: living-donor liver transplantation.
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Figure 1. Top 5 bacterial phyla in the samples of
the two groups (C, control group; S, case group), Fir-
micutes, Proteobacteria, Actinobacteria, Bacteroide-
tes, and Acidobacteria.
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Figure 2. Top 10 bacterial genera in the samples of
the two groups (C, control group; S, case group), En-
terococcus, Rhizobium, Nevskia, Lactococcus, Bacil-
lus, Clostridium sensu stricto, Stenotrophomonas,
Pseudomonas, Streptococcus, and Aeromona.

analysis were performed by Hellinger distance,
Jensen-Shannon Divergence (JSD) distance,
Spearman’s rank correlation distance, and (un)
weighted UniFrac distance. LDA Effect Size
(LEfse) analysis was performed to find species
in which the relative abundance was signifi-
cantly different among the various populations.
Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway was evaluated by PICRUSt ver-
sion 1.0.0 pipeline. Wilcoxon rank sum test was
performed to evaluate the differences between
the two groups in alpha diversity, principle coor-
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ents without biliary
injury (control group)
and five recipients with
biliary injury (case gr-
oup) were included in the study. They all under-
went liver transplantation by our group. The pri-
mary diseases included hepatocellular ca-
rcinoma, primary biliary cirrhosis (PBC), idio-
pathic portal hypertension, hepatitis B cirrho-
sis, hepatitis C cirrhosis, and alcoholic cirrho-
sis. The demographics and characteristics of
these patients are shown in Table 1.

Sequencing results

Nine samples from 2 groups were pooled into 3
libraries and 212,557 qualified reads from
1,271,996 raw reads were filtered for down-
stream analysis. We randomly chose 10,000
reads from each sample. Thus, 90,000 reads
were chosen from all of the samples. Samples
with > 5,000 reads were retained.

Eighty-nine qualified OTUs were clustered for
downstream analysis. One hundred and seven-
ty-three OTUs were discarded because of their
low distribution among all samples (no more
than 1 sample contained a specific OTU or no
more than 2 reads were binned into this OTU).
Among all of the qualified reads, 98.61% (not
randomly chosen) could be clustered into quali-
fied OTUs generated with randomly chosen
qualified reads.

Distribution and abundance of bile microbiota

In the control group, there were 2 main bacte-
rial phyla, Firmicutes and Proteobacteria. The
two phyla covered 91-99% of organisms in the
bile. The other bacterial phyla with abundance
> 0.1% in each sample were Actinobacteria,
Bacteroidetes, Acidobacteria, and unclassified
bacteria.

Inthe case group, Firmicutes and Proteobacteria
were also the main phyla. The two phyla cov-
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Shannon simpson
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Shannon’s, Simpson’s, Chaol,
and ACE (Figure 3).
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no significant difference in the
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groups in this study (P > 0.05)
(Figures 4-6).
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Figure 3. Alpha diversity and richness analysis. Shannon’s, Simpson'’s, and
inv Simpson’s are common indexes to measure the species diversity includ-

' dance between the two
groups at the levels of phy-
lum, class, order, family, and
genus

ing species richness and evenness. OBS, Chaol, and ACE are indexes to

access the species richness. The greater the value means the higher the
diversity and richness of the microbial community. No significant difference

was found among all cohorts (P > 0.05).

ered 92-99% organisms in the bile. The other
bacterial phyla with abundance > 0.1% in each
sample were Bacteroidetes, Actinobacteria,
and Fusobacteria.

In all of the samples, the top 5 phyla were
Firmicutes, Proteobacteria, Actinobacteria,
Bacteroidetes, and Acidobacteria. The top 10
genera were Enterococcus, Rhizobium, Ne-
vskia, Lactococcus, Bacillus, Clostridium sensu
stricto, Stenotrophomonas, Pseudomonas,
Streptococcus, and Aeromona (Figures 1 and
2).

Alpha diversity and richness distribution
among all samples

Alpha diversity and richness are two different
measurements to assess species diversity
within a sample. The greater the value means
the higher the diversity and richness of the
microbial community. No significant difference
was found among all cohorts (P > 0.05) as
measured by the common indexes including
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At the level of the phylum,
there were differences be-
tween the two groups in
Fusobacteria (P = 0.036),
which was abundant in the case group. At the
level of the class, there were differences
between the two groups in Fusobacteria (P =
0.036), which was enriched in the case group.
At the level of the order, there were differences
between the two groups in Bacillales (P =
0.031), Fusobacteriales (P = 0.036), and
Neisseriales (P = 0.030), which were abundant
in the case group. At the level of the family,
there were differences between the two groups
in Leptotrichiaceae (P = 0.022), Prevotellaceae
(P = 0.008), and Neisseriaceae (P = 0.030),
which were abundant in the case group. At the
level of the genus, the bacteria difference
between the two groups were Prevotella (P =
0.03), Porphyromonas (P = 0.02), and
Fusobacterium (P = 0.02), which were enriched
in the case group.

LDA Effect Size (LEfse) analysis

LEfse analysis was used to assess the signifi-
cantly different microbiota in abundance
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Figure 4. PCoA analysis based on OTU composition for all samples. The first

line is the PCoA of Hellinger distance, the second line is of JSD, the third line
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different PC combinations.
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Figure 5. PCoA analysis of the weighted uniFrac dis-
tance. Each point represents a sample, the same
color is from the same group, and the closer distance
between the two points indicates that the difference
in community composition is smaller. There was no
significant difference in the diversity between the two
groups in this study (P > 0.05).

between the two groups in all levels. The results
showed that Prevotellaceae, Prevotella, and
Fusobacterium were all more abundant in the
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To the best of our knowledge,

this study is the first to use
high-throughput 16S rRNA gene sequencing of
bile material from liver transplant recipients to
explore the role of microbiota in the initiation,
progression, and development of biliary injury
in liver transplant recipients. In this study, the
presence of bacteria in the bile of liver trans-
plant recipients was evidenced by 16s rRNA
high-throughput sequencing. There were differ-
ences in bacterial abundance between patients
with and without biliary tract injury after liver
transplantation.

In our study, we found that biliary microbiota
having the highest abundance at the phylum
level and in the population after liver transplan-
tation were (from highest to lowest): Firmicutes,
Proteobacteria, Actinobacteria, Bacteroidetes,
and Acidobacteria. Those at the genus level
were (from highest to lowest): Enterococcus,
Rhizobium, Nevskia, Lactococcus, Bacillus,
Clostridium sensu stricto, Stenotrophomonas,
Pseudomonas, Streptococcus, and Aeromona.
A study about bile and gall bladder microbiota
of healthy pigs showed that the main phyla
were Proteobacteria, Firmicutes, and Ba-
cteroidetes [7]. Shen H et al. identified 13 novel
biliary bacteria by metagenomic sequencing in
gallstone patients. Bile samples had reduced

Int J Clin Exp Pathol 2018;11(2):481-489
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Figure 6. PCoA analysis of the unweighted uniFrac
distance. There was no significant difference in the
diversity between the two groups in this study (P >
0.05).
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Figure 7. LDA Effect Size (LEfse) analysis between
the two groups. LEfse analysis allows for compari-
sons between multiple groups to find species that
are significantly different in abundance between
groups. The logarithmic LDA score obtained by LefSe
software analysis, which was significantly different,
was set to 2. Prevotellaceae, Prevotella, and Fuso-
bacterium were all enriched in the case group.
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Figure 8. Differences in the level of KEGG pathway
between the two groups. Bile samples in the case
group were significantly enriched in terpenoid back-
bone biosynthesis pathway (MO0096) and histidine
metabolism pathway (MO0045), whereas were de-
pleted in pyruvate ferredoxin oxidoreductase path-
way (M00310).

microbial diversity compared to healthy fecal
samples [8]. The human gut includes approxi-
mately 10'* microorganisms, known as the
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intestinal microbiota, and contains four main
phyla: Firmicutes, Bacteroidetes, Actino-
bacteria, and Proteobacteria. Liver ischemia/
reperfusion injury in liver transplant recipients
can lead to severe intestinal barrier damage
and intestinal microbiota changes. In addition,
surgery and the application of postoperative
antibiotics and immunosuppressive agents
lead to intestinal microbial environment chang-
es [9]. Intestinal microbiota of the population
after liver transplantation has been reported.
One study showed that Eubacteria, Bifi-
dobacterium spp., Faecalibacterium prausnit-
zii, and Lactobacillus spp. were all significantly
lower in liver transplantation recipients while
Enterobacteriaceae and Enterococcus spp.
were significantly higher. Except for En-
terococcus spp., other bacteria have shown a
tendency to return to normal levels with time
after liver transplantation [10]. Bacteria nor-
mally present in the gut can invade the biliary
tract by ascending from the duodenum or via
the hematogenous route from the hepatic por-
tal venous blood. Therefore, there could be a
correlation between biliary and intestinal micro-
biota. In our previous study of intestinal micro-
biota in patients after liver transplantation, the
major bacterial phyla included Firmicutes
(75.88%), Bacteroidetes (12.95%), and Pro-
teobacteria (4.24%) that was similar to bile
microbiota in our study. Thus, in a future study,
the fecal samples of the patients will be col-
lected at the same time to further study the
relationship between the two microbiota.

Biliary injury is one of the major complications
after liver transplantation and is also the main
cause of liver retransplantation, with an inci-
dence of 20-30% [1, 2]. Biliary injury after liver
transplantation can be caused by many factors
and is accompanied by obstructive jaundice
and secondary infection. The clinical manifes-
tation is abnormal liver function, with imaging
examination showing biliary stricture or obstruc-
tion. These patients must be treated with
drugs, endoscopy, or PTCD. If the treatment is
not effective, the patient can develop graft fail-
ure or even die. Biliary strictures can occur at
the site of the anastomosis (anastomotic stric-
tures) or in any other part of the biliary tract
(nonanastomotic strictures). The former are
associated with surgical technique and local
ischemia. In our study, patients with biliary
anastomotic strictures were excluded in the
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case group. In a prospective study, Gotthardt et
al. reported the results from 213 patients
undergoing endoscopic retrograde cholangiog-
raphy (ERC) after liver transplantation. Bile
samples from first ERC showed Gram-positive
bacterial isolates in 102/180 (57%) and Gram-
negative isolates in 44/180 (24%). The main
species were Enterococcus (40%; 72/180) and
Escherichia coli (10%; 18/180). Both enteric
bacteria (47%) and Candida spp. (18%) were
associated with clinical signs of cholangitis
[11]. However, culture-dependent methods are
inadequate to study the entire microbial com-
munity. Therefore, improved understanding of
biliary tract microbiota would be helpful for
studying the pathogenesis of biliary injury after
liver transplantation and antibiotic therapy. In
our present study, compared with the group
without biliary injury, there was enrichment of
three types of bacterial genera in patients after
liver transplantation with biliary injury: 1.
Prevotella (P = 0.03); 2. Porphyromonas (P =
0.02); and 3. Fusobacterium (P = 0.02). These
three microbiota are all anaerobic conditional
pathogens. Prevotella is a Gram-negative, rod-
shaped, and strictly anaerobic genus. Prevotella
is more prevalent in populations with a plant-
based diet, suggesting that it contributes to
catabolism in the human gut. However, the
presence of Prevotella in the human gut has
also been linked to inflammation [12]. One
study has suggested that Prevotella copri has a
potential role in the pathogenesis of rheuma-
toid arthritis. It is abundant in the pro-inflam-
matory environment and it even enhances the
advantage ofinflammation[13]. Porphyromonas
is also a Gram-negative anaerobic genus. The
most frequently researched species is
Porphyromonas gingivalis. It plays a crucial role
during periodontal infection. Meanwhile, the
contribution of this bacterium as well as its
main pro-inflammatory component, lipopoly-
saccharide (LPS), in accelerating systemic dis-
eases, including cardiovascular and central
nervous system diseases, has been investigat-
ed in many long-term studies [14, 15]. LPS can
even cause endotoxemia and result in inflam-
matory responses via several signaling path-
ways in immune cells [16, 17]. Fusobacterium
is a genus in the phylum Fusobacteria of Gram-
negative, anaerobic, rod-shaped bacteria. They
are normal bacteria in the mouth, upper respi-
ratory tract, intestinal tract, and urinary tract of
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humans and animals. No endospores are
formed; some species are pathogenic and
occur in various purulent or gangrenous diseas-
es [18]. Chen Y et al. recruited 36 patients with
liver cirrhosis and 24 healthy controls to study
the changes of fecal microbiota. The proportion
of phylum Fusobacteria was highly enriched in
the cirrhosis group (P = 0.002) [19]. In patients
with colorectal cancer the gut microbiota
showed an increased population of Bacteroides-
Prevotella and Fusobacterium [20].

Patients, after liver transplantation, require
long-term use of immunosuppressive agents.
In the case of immunodeficiency, the above-
mentioned bacteria may cause opportunistic
infections. Alteration of microbiota would alter
many signals between the colonizing bacteria
and epithelial orimmune cells leading to chang-
es in inflammation, epithelial cell cycle, prolif-
eration, or mucus production which may lead to
biliary injury. However, more studies are need-
ed to determine whether they are associated
with occurrence and progression of biliary
injury.

Bile samples in the case group showed enrich-
ment of pathways related to carbohydrate and
lipid metabolism, terpenoid backbone biosyn-
thesis, nucleotide and amino acid metabolism,
and histidine metabolism. However, the sam-
ples in the control group showed enrichment of
the pathway related to pyruvate ferredoxin oxi-
doreductase. Due to the limitation of 16s rRNA
sequencing, the study of KEGG pathway
deserves further research by whole-metage-
nomic shotgun (WMS) sequencing.

The sample size of this study was small. In the
future, we will study a larger sample size com-
bined with intestinal microbiota to further
explore the mechanism of biliary injury after
liver transplantation by genomics and metabo-
lomics methods.

In conclusion, for the first time we used 16s
rRNA sequencing to analyze the distribution
and diversity of biliary microbiota in patients
after liver transplantation. There were differ-
ences in bacterial abundance between patients
with and without biliary tract injury after liver
transplantation. KEGG analysis showed the dif-
ferences in metabolic pathways between the
two groups. Our results provide new insights
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into biliary microbiota in liver transplant recipi-
ents which could be valuable for diagnosis and
treatment of biliary injury after liver tran-
splantation.
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