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Background. Increasing evidence suggests that the intestinal microbiota plays an important role in liver diseases. However, the
dynamics of the intestinal microbiota during liver transplantation (LT) and its potential role in clinical course remain unknown.
Methods. We prospectively analyzed the intestinal microbiota of 38 patients who underwent LT in Kyoto University Hospital.
We characterized the microbial compositions of fecal specimens from LT patients using a metagenomics approach by an lllumina
MiSeq platform. We analyzed the diversity of microbiota sequentially from pretransplantation until 2 months after LT and also com-
pared the microbiota during an episode of acute cellular rejection (ACR) and bloodstream infections (BSI) to the microbial compo-
sition of time-matched fecal specimens obtained from patients who did not experience ACR or BSl, respectively. Results. Three
hundred twenty fecal specimens were analyzed. Dynamic changes were observed in the microbial composition of LT recipients
during the perioperative period. Over the course of LT, the mean diversity index decreased during the first 3 weeks after LT and
gradually increased during our observation period. The loss of intestinal microbiota diversity was associated with high
Child-Pugh scores, high model for end-stage liver disease scores, ACR, and BSI. At the family level, Bacteroides, Enterobacteri-
aceae, Streptococcaceae, and Bifidobacteriaceae were increased whereas Enterococcaceage, Lactobacillaceae, Clostridiaceae,
Ruminococcaceae, and Peptostreptococcaceae were decreased in ACR patients. Conclusions. The microbiota of LT patients
was associated with the severity of liver diseases and the presence of ACR and BSI. These results lay the groundwork for more
comprehensive investigations of microbiota characteristics to identify diagnostic markers for transplant health and to guide inter-

vention strategies to improve transplant outcomes.
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he assessment and characterization of intestinal mi-

crobiota has become a major research area in human
disease. Recent reports suggest that human disease is at-
tributable not only to single pathogens but also to global
changes in our microbiome.'”® Recently, the roles of the
microbiota in alcoholic liver disease, nonalcoholic fatty
liver disease, cholesteric liver diseases, viral hepatitis, hepato-
cellular carcinoma, and cirrhosis have been extensively investi-
gated.*” In the field of liver transplantation (LT), a previous
study used an animal model to demonstrate that a shift in the
intestinal microbial after LT predicted early-phase acute cellu-
lar rejection (ACR) before severe aggravation of graft func-
tion. According to the study results, Ren et al® concluded
that a rat’s intestinal microbial profile was a bio-marker that
predicted liver injury or rejection after LT. However, informa-
tion on the intestinal microbiota and how alterations in it can
affect LT outcomes, including early infections and ACR as well
as long-term complications, is scarce because of the limited
number of human trials and their small sample sizes.”

The aims of this study were to characterize the intestinal
microbiome of LT recipients, investigate the composition of
the intestinal microbiota during perioperative periods and
longitudinally evaluate changes in the intestinal microbiota
in patients who experience ACR and infections.
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MATERIALS AND METHODS

Study Population

This study was a prospective analysis of patients who
underwent LT at Kyoto University Hospital, Japan, from
June 2013 to September 2014. Liver transplant recipients
who were 20 years or older and who consented to our study
were included in the analysis, regardless of whether they re-
ceived a graft from a deceased or living donor. We excluded
fulminant hepatitis patients and patients who underwent
retransplantation because the characteristics of the intestinal
microbiota in the pretransplantation period were considered
to be different from those of patients with cirrhosis. The se-
lection criteria for the recipients and the surgical techniques
used in both the donor and recipient have been described in
detail elsewhere.'®'3 All medical records were reviewed to
obtain data on demographics, underlying diseases, model
for end-stage liver disease (MELD) score, Child-Pugh score
(CPS), transplant type, clinical characteristics, microbiologi-
cal culture results, types and sites of infections, and medical
and surgical complications during the hospital stay.

Bloodstream infections were defined using the criteria pro-
posed by the Centers for Disease Control and Prevention.'*
ACR cases were identified by performing liver biopsies on
patients based on clinical suspicion. A high MELD score
was defined as a MELD score over 20, and a high CPS was
defined as a score over 10. The experimental protocol was
approved by the Ethics Review Committee of Kyoto Univer-
sity Hospital (E1734) in accordance with the ethical stan-
dards established in the 1964 Declaration of Helsinki.
Informed consent was obtained from all patients before spec-
imen collection.

Transplantation Practices

Perioperative prophylaxis consisted of treatment with am-
picillin and cefotaxime for 48 hours. The administered immu-
nosuppressants included tacrolimus, mycophenolate mofetil
and low-dose steroids, and these regimens were started within
24 hours after LT in all patients. In ABO-incompatible cases,
the recipients were administered rituximab (300 mg) more
than two weeks before LT and received mycophenolate mo-
fetil preoperatively. Plasma exchange was also performed if
the titer of anti-A or anti-B antibodies did not decrease after
treatment with rituximab.'*'> The perioperative nutri-
tional therapy program that was used has been described
in detail in previous reports. Briefly, prebiotics, including
rich branched-chain amino acids (BCAA), zinc, dietary fiber,
and oligosaccharides (GFO, Otsuka Pharmaceutical Co.,
Ltd., Tokushima, Japan); probiotics, such as Clostridium
butyricum MIYAIRI (MIYA-BM; Miyarisan Pharmaceutical
Co., Ltd., Tokyo, Japan); and fermented milk containing
Lactobacillus casei strain Shirota (Yakult, Tokyo, Japan)
were administered before, during and after LT. One pack of
GFO (15 g) has 36 kcal and contains 3 g of glutamine, 5 g
of dietary fiber, 1.5 g of oligosaccharide, and 1.2 mg of so-
dium was given 3 times daily. MIYA-BM is commercially
available and contains 20 mg of Clostridium butyricum
MIYAIRI in each tablet. Three tablets of MIYA-BM per
day were administered in this study. Each 65 ml bottle of
fermented milk contained a minimum of 6.5 x 10° live cells
of Lactobacillus casei strain Shirota. Enteral tube feeding
was administered immediately after LT if there were no
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complications involving the digestive organs. Nutrition ther-
apy was started within 24 hours after LT via enteral tube and
continued until the patient could perform oral intake.

Fecal Sample Collection

Fecal specimens were collected from each patient within
2 weeks before LT and every 7 days after LT during the first
and second months. We also collected fecal specimens when
adverse events, such as fever, diarrhea, reoperation, ACR
and infection, occurred. We compared the microbial compo-
sition of the fecal specimens collected from patients during an
episode of ACR or blood stream infection (BSI) to the micro-
bial composition of time-matched fecal specimens obtained
from the patients who did not experience ACR or BSL

DNA Isolation and Analysis of the Sequencing Data

DNA was isolated from liquid cultures by applying the
bead beating technique to stool samples. The V3-V4 region
of the 16S rRNA gene was amplified via PCR using barcoded
primers, and PCR products were sequenced using the paired-
end technique (Illumina MiSeq platform), as previously de-
scribed.'® Sequencing data were then processed, and diversity
trends were analyzed using QIIME v1.8.0.'%!” Phylogenetic
classification was used to describe the intestinal composition
of each subject over the time course before and after the trans-
plant. Hierarchical clustering of the specimens was performed
based on genus-level phylogenies. Microbial diversity was esti-
mated by calculating the Shannon diversity index (SDI).

Statistical Analysis

Crude comparisons were performed using the x* or
Fisher exact tests for percentages, as appropriate, and the
Mann-Whitney U test for continuous variables. Continu-
ous variables were expressed as the mean = standard devi-
ation or median (interquartile range). Relative operational
taxonomic units (OTU) abundances were calculated using
QIME (www.giime.org).'®!'” Community richness and
diversity were examined in each sample using biodiversity
indices, including SDI, which was calculated from OTUs.
The relative microbial abundance between patients was
compared at the phylum, class, order, family, genus, and
OTU levels. Unpaired and paired ¢ tests were used to iden-
tify significant differences in biodiversity and the abun-
dance of a microbial lineage among all patients and also
between each patient before and after transplantation.
Both weighted and unweighted UniFrac distances were cal-
culated to analyze beta diversity, using Student # test. The
results were transformed using principal coordinate analysis
and visualized with Emperor. A P value less than 0.05 was con-
sidered significant. Statistical data were generated using PASW
for Windows, version 18.0 (SPSS Inc., Chicago, IL).

RESULTS

Characteristics of Liver Transplant Recipients

Thirty-eight consecutive adult patients who underwent LT
at our institute between July 2013 and September 2014 were
analyzed in this study. Table 1 summarizes the baseline char-
acteristics of the patients. The indications for LT were viral
hepatitis in 14 (36.8%) patients followed by alcoholic liver
cirrhosis and post-Kasai biliary atresia in 6 patients (15.8%)
each. The median MELD score was 16 (range, 6-33), and
the median CPS was 11 (range, 5-20). Thirty of 38 patients
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Characteristics of patients who underwent LT

Total (N = 38)
Age: mean + SEM, y 50.36 + 2.35
Male sex, (%) 24 (63.2)
MELD score, mean + SEM 16.53 £1.08
CPS, mean + SEM 10.29 + 0.38
Underlying disease (%)
Hepatitis B or C virus infection 14 (36.8)
Post-Kasai biliary atresia 6 (15.8)
Alcoholic cirrhosis 6 (15.8)
Primary biliary cirrhosis 4(10.5)
Nonalcoholic steatohepatitis 4(10.5)

Other 4

Graft-recipient weight ratio 094 +0.22
Cold ischemia time, minutes Mean + SEM 118.03 + 10.86
Warm ischemia time: mean + SEM, min 44,89 +2.43
Blood loss: mean + SEM, mL 7561.55 + 903.65
ACR (%) 18 (47.4)

Days of hospitalization for LT: mean + SEM, d 79.32 +7.80

received broad-spectrum antibiotics within 4 weeks postoper-
atively. The median number of hospitalization days after LT
was 54 days (range, 27-272). Eighteen patients (47.4%) suf-
fered ACR and 8 patients (21.0%) had bloodstream infection
during their hospital stay.

16s rRNA Deep Sequencing

A total of 320 fecal specimens were collected, including 3
to 22 specimens per patient.

From these specimens, a total of 21 165 900 high-quality
16S rRNA-encoding sequences were identified. The mean
number of sequences obtained per specimen was 60 647.3
(range, 4057-218 757).
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Pretransplant Intestinal Microbiota

Figure 1 shows the pre-LT intestinal microbiota of the
38 patients. The microbiota of these LT recipients was domi-
nated by the following 3 bacterial phyla: Firmicutes (56.6%),
Bacteroidetes (21.2%), and Actinobacteria (14.4%). A minor
detected phyla was Proteobacteria (6.5%). We found the fol-
lowing bacterial orders predominated in pretransplant samples:
Clostridiales (mean, 34.3%; median, 33.6%) Bacteroidales
(mean, 21.2%; median, 18.3%), Lactobacillales (mean,
21.1%; median, 9.5%), Bifidobacteriales (mean, 12.5%;
median, 10.0%), and Enterobacteriales (mean, 5.0%;
median, 1.4%).

Temporal Changes in the SDI During LT

There was considerable variation of the SDI values
(Figure 2). There was no difference in diversity between
samples obtained during postoperative days 0 to 7 and
pretransplantation samples. However, over the course of LT,
the mean diversity index decreased and gradually increased
during our observation period (Figures 2A and B). Similar
decreases were observed in other measures of microbial

diversity (Figure S1, SDC, http:/links.lww.com/TXD/A35).

Relationship Between the Diversity of Intestinal
Microbiota and the Severity of Cirrhosis

The overall bacterial diversity, determined using the SDI,
showed that significantly less diversity was observed in pa-
tients with high MELD scores and high CPS scores in the
pretransplant period. The mean SDI of the microbiota in pa-
tients with high MELD scores was 2.37, whereas the mean
SDI in those with low MELD scores was 2.71 (P = 0.01). This
trend was also observed by statistical analysis using observed
species, whole tree analysis, and Chao-1. At the phylum level,
there was no significant difference between the 2 groups. At
the order level, Lactobacillales and Enterobacteriales were
increased and Bacteroidales and Clostridiales were decreased
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FIGURE 1. The intestinal microbiota of 38 patients before LT. The phylotypes of the liver transplant recipients are shown. The phylotypes with
median relative abundances greater than 0.1% of the total abundance in the patients are included. The boxes represent the IQR from the first
and third quartiles, and the inside line represents the median. The whiskers indicate the lowest and highest values within 1.5 IQR of the first and
third quartiles. The circles represent outliers beyond the whiskers. IQR, interquartile range.
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FIGURE 2. Changes in the microbial diversity of fecal specimens during LT. A, The microbial diversity, as quantified by the SDI, was calculated
for each fecal specimen from each patient and plotted as a function of day of transplant (circles). A diversity trend (solid black line) was con-
structed using Locally Weighted Scatterplot Smoother analysis. B, Microbial diversity was quantified using the SDI and calculated for each fecal
specimen from each patient. The boxes represent the IQRs from the first and third quartiles, and the inside line represents the median. The

X-axis indicates the day of specimen collection from the transplantation event as the reference day. The Y-axis indicates the SDI. * P < 0.05. NS,

not statistically significant.

in patients with high MELD scores. At the family level,
Enterococcaceae and Enterobacteriaceae were increased
and Bacteroidaceae, Lachnospiraceae, and Ruminococcaceae
were decreased in patients with high MELD score. At the ge-
nus level, Enterococcus was increased whereas Bacteroides,
Parabacteroides, Ruminococcus, Streptococcus, Blautia, and
Faecalibacterium were decreased. (Figure S2, Table S1, SDC,
http://links.lww.com/TXD/A35).

In contrast to results for MELD scores, patients with a
high CPS did not display significantly less diversity but did
display a tendency toward a lower SDI (mean, 2.56 for high
CPS, and mean, 2.80 for low CPS) (P = 0.09). However, this
trend was statistically significant in other statistical analyses
using observed species, whole tree analysis, and Chao-1. At
the phylum level, Firmicutes and Proteobacteria increased,
and Bacteroidetes was decreased in patients with high CPS.

At the order level, Lactobacillales and Enterobacteriales were
increased and Bacteroidales and Clostridiales were decreased
in patients with high MELD scores. At the family level,
Enterococcaceae and Lactobacillaceae were increased, and
Bacteroidaceae, Lachnospiraceae, and Ruminococcaceae
were decreased in patients with high CPS. At the genus level,
Enterococcus and Lactobacillus were increased whereas
Bacteroides, Parabacteroides, Lachnospiraceae, Streptococ-
cus, Blautia, Ruminococcus, and Faecalibacterium were de-
creased (Figure S3, Table S2, SDC, http://links.lww.com/
TXD/A3S).

There was no difference between the patients with high
MELD scores and low MELD scores regarding history of
antibiotic use in the pretransplant period. This observa-
tion was also seen between the patients with high CPS
and low CPS.
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FIGURE 3. Comparison of microbial diversity between fecal speci-
mens obtained from patients with or without ACR both before/after
LT. We compared the SDI of fecal samples obtained from patients
during an episode of ACR to time-matched samples obtained from
patients who did not suffer ACR. The boxes represent the IQRs from
the first and third quartiles, and the inside line represents the median.
A P value less than 0.05 was considered to indicate a significant differ-
ence between patients with and without ACR. Pre, pretransplantation;
control/ACR, at the onset of ACR or time-matched control; after, after
the event. (*P < 0.05).

Posttransplant Intestinal Microbiota and ACR

There were no significant clinical differences between
ACR patients and non-ACR (NR) patients (Table S3, SDC,
http:/links.lww.com/TXD/A35). Five of the 8 ACR patients
received antibiotics within 7 days before ACR. In patients
with ACR, SDI was significantly lower during the post-
transplantation period than during the pretransplantation
period (P < 0.01, paired ¢ test). SDI was also lower in the
posttransplant samples obtained from ACR patients than in
the time-matched fecal specimens obtained from NR patients
(P < 0.01, unpaired ¢ test) (Figure 3). In ACR patients, the
mean SDI decreased before periods of ACR, remained low
during the period of rejection and then recovered after
rejection (Figure 3).At the phylum level, Proteobacteria
and Actinobacteria increased in ACR patients whereas
Firmicutes was decreased. At the family level, the following 9
OTUs showed statistically significant differences in abundance
between NR patients and ACR patients: Bacteroides,
Enterobacteriaceae, Streptococcaceae and Bifidobacteriaceae
were increased in ACR patients, whereas Enterococcaceae,
Lactobacillaceae, Clostridiaceae, Ruminococcaceae, and
Peptostreptococcaceae were increased in NR patients. (Figure 4,
Table S4, SDC, http://links.lww.com/TXD/A35) There was
no clustering of those who suffered ACR and those who did
not suffer ACR on principal coordinate analysis (Figure S2,
SDC, http://links.lww.com/TXD/A35).

Posttransplant Intestinal Microbiota
and Bloodstream Infection

Of the 38 included recipients, 8 suffered from BSI after LT.
One patient experienced 2 episodes of BSI during the study
period. The causative pathogens and foci included the fol-
lowing: 3 episodes of Staphylococcus aureus surgical site
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infections, 3 episodes of Enterococcus faecium cholangitis,
2 episodes of intra-abdominal infections caused by
Escherichia coli, an intra-abdominal abscess caused by E.
faecium, a ventilator-associated pneumonia caused by E.
coli, a urinary tract infection caused by Pseudomonas
aeruginosa. One patient had a polymicrobial BSI that was
caused by an intra-abdominal infection with E. faecium, E.
gallinarum. There were no significant differences in clinical
characteristics between patients with and without BSI
(Table 5 SDC, http:/links.lww.com/TXD/A35). In BSI pa-
tients, SDI was significantly lower at the onset of BSI than
in the pretransplantation period (P = 0.026, paired ¢ test).
In the posttransplant samples, SDI was also lower in BSI pa-
tients than in time-matched fecal specimens obtained from
non-BSI patients (P = 0.040, unpaired ¢ test) (Figure 5).

DISCUSSION

The intestinal microbiome is now recognized as the most
important micro-ecosystem in and a major metabolic organ
that maintains a symbiotic relationship with the body. To
the best of our knowledge, this is the first study to use a
metagenomics approach to longitudinally analyze the micro-
biota of patients who underwent LT.

Pretransplant Intestinal Microbiota

Several studies recently reported that qualitative changes
(dysbiosis) in the intestinal microbiome were associated with
chronic liver disease in humans. In previous studies that ana-
lyzed the composition of the intestinal microbiota and its as-
sociation with cirrhosis, the most abundant species that were
observed in liver cirrhosis patients belonged primarily to the
genera Bacteroides, Streptococcus, and Veillonella."® In addi-
tion, previous studies revealed that cirrhosis is associated
with a potentially deleterious shift in the structure of the in-
testinal microbial community, including a decrease in the
abundance of multiple beneficial bacterial groups, such as
members of the autochthonous families (eg, Lachnospiraceae
and Ruminococcaceae), lactic acid bacteria, and Bifidobacterium
species, and an increase in the abundance of potentially path-
ogenic organisms, especially Enterobacteriaceae and Entero-
coccus species.”*! Our results revealed that Clostridiales
was the most dominant group but that species with a buccal
origin were not abundant. Enterobacteriaceae and Entero-
coccus were not major microbes in our patients, whereas
Lactobacillales and Bifidobacteriales were relatively abun-
dant in the LT population. The differences between our and
previous results probably arose because we used of perioper-
ative nutrition therapy that contained synbiotics, and possi-
bly because there were differences in ethnicity or other
characteristics between end-stage liver patients in our and
previous studies.

In this study, a high MELD score and a high CPS were
associated with less microbial diversity. The intestinal mi-
crobiota of patients suffering from severe liver disease of-
ten decreases in diversity, resulting in domination by a
smaller range of microbes, such as Enterobacteriaceae and
Enterococcus spp., which can enter the bloodstream and
cause septicemia, particularly in the presence of mucosal bar-
rier injury.” Another study showed that Bifidobacterium and
Enterococcus were independent predictors of MELD scores.*>
We could not determine the cause of this tendency in our
patients, because previous studies were performed using
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FIGURE 4. Collective intestinal microbial composition in patients with and without ACR at the phylum, order, family, class, and genus level.

Only taxonomic groups 1% or greater are shown.

culture-based methods or quantitative PCR. However, we
found that the abundance of Blautia, Coprococcus, and
Ruminococcus was lower in patients with high MELD
scores, in line with the results of previous studies. It is rea-
sonable to suggest that decreases in the abundances of
these potentially beneficial bacteria reflect changes in the
intestinal microbiota in end-liver stage patients.”>**3

Diversity of Intestinal Microbiota Posttransplantation

During LT, the surgical procedure damages the intestinal
epithelium and mucosal barrier, while the simultaneous ad-
ministration of broad-spectrum antibiotics and immunosup-
pressants dramatically alters the microbiota within a short
time frame. We found that microbial diversity was not signif-
icantly altered during postoperative days 0 to 7 but that it be-
gan to reflect these influences during postoperative days 8 to
14. Then, diversity was restored during post-operative days
28 to 56, perhaps as a result a decrease in antibiotic pressure,
ACR and other adverse events. In this study, we found that
ACR was associated with a loss of intestinal microbial diver-
sity regardless of the presence of other known predictors,
such as pretransplant comorbidity and disease status. The
composition of the intestinal microbiota and its contribution
to allograft survival are a logical area of investigation, and

several studies have suggested that there is a relationship be-
tween the intestinal microbiota and graft rejection.”** Intes-
tinal domination, such as by Enterococcus in hematopoietic
stem cell transplantation, an increase in the Proteobacterial
Firmicutes ratio in small bowel transplantation, and other
microbial shifts that lead to a loss of diversity have an impact
on clinical outcomes.”*****8 We do not know whether these
changes occur as a result of ACR or whether these changes
are induced by ACR. However, microbial changes are pre-
sumed to be correlated with higher endotoxin levels and in-
creased bacterial translocation. Previous reports revealed
that the intestinal microbiota promotes liver tumorigenesis
or inflammatory reactions through the activity of proinflam-
matory microorganism-associated molecular patterns and
bacterial metabolites, both of which reach the liver via the
portal vein.***° Further analysis of the roles and functions
of the dominant bacteria that were observed during ACR
might be a next step toward increasing our understanding
of the relationship between ACR and the microbiota in hu-
man models. Characterizing the shifts that occur in the mi-
crobial community during ACR could improve our
understanding of this disease's etiology and help us iden-
tify predictive bacterial signatures that are associated with
ACR, which could yield potential diagnostic markers.



© 2017 Wolters Kluwer

*
5.00 - * ! ¥ :
— _ -
4,00 |
2
< 300
.‘é
g
£
s
£ 200
=
w
1.00 |
o |
0.00 |
T 1 - T 1
PrelLT  Control Pre LT BSI
BSI (-) BSI (+)

FIGURE 5. Comparison of the microbial diversity in fecal specimens
with or without BSI before/after LT. We compared the SDI of fecal
samples obtained from patients during an episode of BSI (BSI) to
those of samples obtained from time-matched patients who did
not experience BSI. The boxes represent the IQRs from the first
and third quartiles, and the inside line represents the median. A
P value less than 0.05 was considered to indicate a significant differ-
ence between patients with and without BSI. Pre, pretransplantation
samples; control/BSlI, at the onset of BSI or time-matched control.

The diversity of the intestinal microbiota was also lower in
the posttransplant samples of BSI patients than in time-
matched fecal specimens obtained from non-BSI patients. In
BSI patients, the mean SDI decreased before the onset of
BSI and continued to decrease during and after BSI. The
decrease in SDI that was observed during/after BSI was
probably caused by the administration of broad-spectrum
antimicrobial agents. However, the observed tendency to-
ward a lower SDI before BSI onset suggests that a decrease
in microbiota diversity may predispose patients to devel-
oping BSI. Previous studies revealed that disruptions to
the diversity and stability of the intestinal flora were associ-
ated with subsequent bacteremia.’’ Host-derived immune
and inflammatory responses are an important driving force
that shape the composition of the microbial community
and, when altered, this may contribute to dysbiosis. In addi-
tion to microbial regulation by innate immunity, inflamma-
tion (with its complex set of mediators) may also contribute
to a milieu that favors the outgrowth of specific bacteria. Ac-
cordingly, a bloom in Enterobacteriaceae has been observed
in a variety of inflammatory disease models and patients with
chronic inflammation.*®3%33 In our study population, there
were 8 cases of BSI that originated in intra-abdominal infec-
tions, and the relative abundance of specific bacteria was not
significantly increased in patients with BSI perhaps due to the
heterogeneity of the causative pathogens. However, previous
studies reported that the fecal abundance of Enterococcus
was associated with urinary tract infections caused by En-
terococcus in kidney transplant recipients and enterococcal
bacteremia in bone marrow transplant patients,*®31-3%3
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Further analyses are needed to identify the association be-
tween microbiota and intra-abdominal infections. Because
the changes observed in this study in intestinal microbiota
were related to the consequences of postoperative infections,
interventions aimed at maintaining intestinal diversity may
lead to improved outcomes in LT patients. Incorporating pre-
biotics, probiotics, or microbiota transplants into proper di-
ets may restore the normal flora in such patients, thereby
reducing microbial-induced inflammation.

One of the limitations of this study is that the results ob-
served in the adverse event group may have been confounded
by differences in antibiotic regimens. In this study, patients
were administered antibiotics and synbiotics for a variety of
reasons, including surgical prophylaxis and treatments that
could be either targeted or empirical. Interpretations of these
results may be not straightforward because the influence of
diet and synbiotics as well as broad-spectrum antibiotics
may confound results depending on the situation under
which they were administered. In addition, due to the hetero-
geneity of the included patients’ underlying conditions (ABO-
incompatible patients receiving Rituximab pretransplant,
deceased vs living donors, and underlying diseases), the re-
sults might be confounded by each other and difficult to in-
terpret. Furthermore, the present data demonstrated only
the relative abundance of the microbiota. Quantitative anal-
yses and investigations of the functions of the flora that were
found to predominate in our study are rational next steps
that will increase our understanding of how intestinal micro-
biota influence ACR and infections.

CONCLUSIONS

In this study, we showed that a variety of factors, including
MELD scores, CPS, ACR and BSI, affected or were affected
by the composition of the intestinal microbiota in LT recipi-
ents. These factors serve as both potential causes of complica-
tions and targets for optimal management strategies during
the perioperative period in patients who undergo LT.
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