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Abstract: Objective: To investigate whether the gut microbiota differs in patients with chronic kidney disease re-
ceiving kidney transplant or hemodialysis, and to explore the relationship between the gut microbiota and clinical
indicators. Methods: A total of 72 patients with kidney transplantation (RT) and 78 patients with hemodialysis (HD)
admitted to the First Affiliated Hospital of Soochow University from January 2019 to October 2022 were selected
as the research subjects. The V3-V4 region sequences of 16S rRNA were used for high-throughput sequencing
to analyze the differences in gut microbiome between the two groups and its relationship with clinical indicators.
Results: Gut microbial o diversity (Chaol, Ace, Shannon, Simpson) was significantly decreased in RT patients com-
pared with that in HD patients (P<0.05). The relative abundance of Bacteroides, Megamonas, and Prevotella was
significantly higher in HD patients than that in RT patients (P<0.05). There was a negative association between the
Bacteroides and B2-microglobulin (2-MG) (P<0.05). Lactobacillus was negatively correlated with uric acid (UA)
(P<0.05). Conclusion: This study elucidates the composition and changes of the gut microbiota in RT and HD pa-
tients and its association with clinical indicators, providing a scientific basis for the regulatory mechanism of gut
microbiota in the treatment of chronic kidney disease.
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Introduction

The prevalence of chronic kidney disease (CKD)
in Chinese adults is about 11%, and more than
30% of them are accompanied by varying
degrees of renal injury [1]. In the early stage of
CKD, symptomatic treatment is given, while
renal transplantation and dialysis are the only
methods for patients with end-stage CKD,
which seriously affect the physical and mental
health and quality of life of patients [2, 3].
Patients with end-stage renal disease are
prone to diarrhea, stomachache and other
symptoms after renal transplantation or hemo-
dialysis, which are closely related to the long-
term use of hormones and immunosuppres-
sants and abnormal metabolism of body sub-
stances [4]. In this case, the etiology, detection
methods and treatment options of CKD have
been studied worldwide, and the most critical
research direction is the link between CKD and

intestinal microecology. There are 10'3-10%
microorganisms in the human gut and different
bacteria in the gut jointly maintain the micro-
ecological balance in the gut, participating in
human digestion, metabolism, immune regula-
tion, energy conversion and other functions [5].
Kidney transplant patients and hemodialysis
patients are prone to various infections, one of
which is characterized by intestinal microbiota
imbalance [6]. Gut microbiota interacts with
other organs in a variety of ways, and no matter
in the local or systemic system, the gut micro-
biota is closely related to the immune system
[3, 7]

In recent years, a large number of studies have
shown that the clinical symptoms of patients
with the end-stage renal disease after renal
transplantation or hemodialysis are closely
related to intestinal microbial dysbiosis [8, 9]. It
has been shown that after kidney transplanta-
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tion the gut microbiota is altered after acute
rejection [10]. Studies have shown that the rel-
ative abundance of Klebsiella, Escherichia
coli, Enterobacteriaceae, Lachnospiraceae and
Fusobacterium is higher in the intestines of
CKD patients compared with that in healthy
people [11]. Transplantation and hemodialysis
treatment resulted in structural and functional
changes in the intestinal flora, while its dysbio-
sis exacerbated the clinical symptoms [10, 12,
13].

In CKD, progressive decline in renal excretory
function leads to the accumulation of urea and
toxins in the blood. The ecological dysbiosis of
the gut microbiota associated with elevated
urea levels further contributes to uremia by
increasing the production of intestinal toxins
[14]. Certain changes in the gut microbiome
have been observed in patients with CKD stage
V after kidney transplantation or hemodialysis
[15]. However, it is not clear about a relation-
ship between the pattern of microbiome chang-
es observed in patients with CKD stage V and
clinical indicators. Therefore, a comprehensive
reference microbiome is needed to reveal the
relationship between gut microbial dysbiosis
and clinical indicators in renal transplant
patients and hemodialysis patients. Also, it is
needed to identify the abundant microbiota in
CKD patients and its possible role in the pro-
gression of the patient’s disease. In this study,
we performed 16S rRNA sequencing of fecal
samples from 72 kidney transplant patients
(RT) and 78 hemodialysis patients (HD). We
compared the differences in microbial species
between the two classes of patients to obtain
CKD biomarkers for patients with different
treatment modalities. We also investigated the
correlation between gut microbiota and clinical
indicators related to liver function, renal func-
tion, and electrolytes in both RT patients and
HD patients.

Method
Study design and participants

This is a cross-sectional study. We evaluated
72 RT patients who underwent kidney trans-
plantation and 78 HD patients who underwent
hemodialysis at the First Affiliated Hospital of
Soochow University from January 2019 to
October 2022. RT patients’ inclusion criteria:
(1) patients with an age >18; patients with CKD
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stage V who received the first living or deceased
donor transplant; (2) patients survived for least
3 months after the transplant. Exclusion crite-
ria: (1) patients who received hemodialysis or
peritoneal dialysis after transplantation; (2)
patients who used probiotics, biologics or pre-
biotics for 2 months before stool sample collec-
tion; (3) patients who were treated with antibi-
otics within 3 months before sampling; (4)
patients who had diarrhea before sampling; (5)
pregnant or nursing women; (6) patients with
severe malnutrition, malignancy, severe cardi-
ac diseases or liver diseases. HD patients’
inclusion criteria: (1) patients with an age >18;
patients who were diagnosed with CKD stage V;
(2) patients who were hemodialyzed for a mini-
mum period of two months. Exclusion criteria:
patients who had received a kidney transplant
before hemodialysis. The other exclusion crite-
ria were consistent with the (2)-(4) exclusion
criteria for RT patients. Informed written con-
sent was obtained from all participants, and
the research protocols were approved by the
Ethics Committee of the First Affiliated Hospital
of Soochow University.

Baseline data and clinical indicators

Demographic information was collected from
the hospital case system for both groups of
patients. Blood samples were collected in the
fasting state and frozen at -80°C until use.
Blood routine, liver function, renal function, glu-
cose metabolism, lipid metabolism and electro-
lytes were measured by standard methods.

Fecal microbiota DNA extraction, amplification
and sequencing

The subjects collected fecal samples in the
morning using stool collection kits. The fecal
samples were equally divided into ~200 mg
sub-samples and placed in an ultra-low tem-
perature refrigerator at -80°C for use within 2
hours after collection. DNA extracted from the
fecal samples was used to amplify the V3-V4
region of the 16S rRNA gene to determine the
gut bacterial community structure. Primer set
341 F/806 R was employed to target the V3-V4
region. The amplified products were further
subjected to library preparation and sequenc-
ing on the lllumina MiSeq platform as per the
manufacturer’s instructions (lllumina technolo-
gies, USA).
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Bioinformatics analysis

Raw data obtained from lllumina sequencers
were quality-filtered using Trimmomatic to
remove unqualified sequences. The filtered
sequences were spliced, chimeras were re-
moved, and a series of quality control works
were performed. Then, high-quality sequences
were clustered into the Operational Taxonomic
Unit (OTU) using QIIME (Microbial 16s rRNA
Analysis Pipeline). OTU clustering was per-
formed on the high-quality sequences of all
samples according to the similarity of 0.97, and
the longest sequence in each category was
selected as the representative sequence of
OTU. The UCLUST classifier was used to anno-
tate the OTU representative sequences and
obtain the taxonomic information of each OTU.
Each sample contained OTU and the number of
sequences contained in each OTU was count-
ed. The “vegan” package of R was used to ana-
lyze o biodiversity analysis including Chaol,
Ace, Shannon and Simpson. Linear discrimi-
nant analysis LEfSe (LDA score = 4 as the cut-
off value) was used to compare the microbial
species with significant differences among the
groups. Correlation analysis data included bac-
terial species with a relative abundance of
more than 1% and clinical indicators with
significant differences. Clustering correlation
heatmap with signs was performed using the
OmicStudio tools at https://www.omicstudio.
cn. Pearson correlation analysis was used to
analyze the correlation between microbial spe-
cies and clinical indicators.

Outcomes

The primary outcome was the V3-V4 region
sequences of 16S rRNA of gut microbiome. The
clinical indicators can be found in Table 1.

Statistical analysis

Statistical analysis was conducted by SPSS ver-
sion 23 software. The continuous variables
were displayed as mean * standard deviation.
Count variables were represented by n (%). The
t-test and chi-square test were performed to
evaluate the correlation of baseline character-
istics as appropriate. A difference of P<0.05
was considered statistically significant.
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Results

Baseline data and clinical indicators of RT and
HD

As shown in Table 1, there were no differences
in gender, age, and history of hypertension
between the HD and RT groups (P>0.05).
Compared with RT, the number of platelets in
HD, total protein (TP) and albumin (ALB)
decreased significantly (all P<0.05). In HD
patients, renal function indexes such as uric
acid (UA) and B2-microglobulin (B2-MG) de-
creased significantly, (all P<0.05).

Comparison of gut microbial o diversity be-
tween the RT and HD

1182 OTUs were obtained from 150 samples.
In the Venn diagram analysis, 634 common
OTUs were identified in both groups. There were
1121 and 695 OTUs in the RT and HD groups,
respectively (Figure 1A). The rarefaction curve
constructed based on the number of Observed
OTUs is shown in Figure 1B. The dilution curve
tended to be flat, and the number of detected
OTUs did not increase, indicating that the
amount of measurement data was reasonable,
and the sample size was sufficient. The relative
abundance curve of species (Figure 1C) shows
the species richness and evenness of different
groups of microbial communities. There were
no significant differences in species richness
and evenness between RT and HD.

The Chaol index, Ace index, Shannon index,
and Simpson index were all significantly
decreased compared with HD (Figure 2), indi-
cating that the richness of gut microbes was
higher in HD than in RT.

Analysis of species composition

The main intestinal microbiota of the RT group
and HD groups were divided into three phyla:
Firmicutes, Actinobacteria, and Bacteroidetes
in RT (73.86%, 13.01%, 4.10%, respectively),
and HD (65.55%, 2.82%, 23.92%, respectively)
(Figure 3). At the family level (Figure 4A), the
dominant bacterial groups in the RT group were
Lachnospiraceae, Ruminococcaceae, and Bifi-
dobacteriaceae. However, the dominant bacte-
rial groups in the HD group were Lachno-
spiraceae, Bacteroidaceae, and Ruminoco-
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Table 1. Clinical characteristics of transplant patients and dialysis patients

Characteristics Abbreviations RT(n=72) HD (n=78) P
Male gender - 45 (57.69%) 38 (52.78%) 0.545
Age (year) - 54.6£12.88 56.17+12.5 0.452
Hypertension - 18 (23.08%) 21 (29.17%) 0.396
Diabetes mellitus - 20 (25.64%) 8 (11.11%) 0.023
Leukocyte (10°/L) WBC 6.16+1.81 5.74+1.65 0.149
Lymphocyte (10°/L) LY 1.31+0.41 1.22+0.45 0.205
Erythrocyte (10°%/L) RBC 3.65+0.73 3.46+0.93 0.163
Hemoglobin (g/L) HB 113.02+21.59 107.44+16.81 0.081
Platelet (10%/L) PLT 177.1+44.97 160.81+44.48 0.027
Total bilirubin (umol/L) TBIL 7.35+2.72 6.62+1.9 0.058
Direct bilirubin (umol/L) DBIL 2.8+1.19 2.55+0.82 0.137
Indirect bilirubin (umol/L) I-BIL 4.55+1.75 4.07+1.38 0.064
Alanine aminotransferase ALT 14.2619.4 13.14+3.59 0.332
Aspartate aminotransferase AST 15.04+5.84 14.72+7.35 0.772
Alkaline phosphatase ALP 75.03+34.24 79.28+20.99 0.366
Total protein (g/L) TP 72.92+5.26 69.915.54 <0.001
Albumin (g/L) ALB 43.11+4.17 40.96+4.19 0.002
Globulin (g/L) GLOB 30.15+5.74 29.28+6.84 0.4
Urea (mmol/L) UREA 23.65+6.17 23.0915.94 0.576
Creatinine (umol/L) CREA 905.6+254.3 900.16+218.29 0.889
Uric acid (umol/L) UA 444.85+68.31 473.11+69.19 0.013
32-microglobulin (mg/L) B2-MG 29.61+9.86 35.13+7.82 <0.001
Glucose (mmol/L) GLU 6.41+2.95 5.71+2.74 0.138
Total cholesterol (mmol/L) TCHO 3.97+0.87 3.78+0.76 0.152
Triglyceride (mmol/L) TG 1.64+0.8 1.7940.79 0.254
High density liptein cholesterol (mmol/L) HDL-C 0.97+0.23 0.94+0.23 0.397
Low density liptein cholesterol (mmol/L) LDL-C 2.1240.72 1.94+0.62 0.107
Potassium (mmol/L) K 4.76+0.69 4.66+0.83 0.406
Sodium (mmol/L) Na 138.34+2.7 131.46+2.96 <0.001
Chloride (mmol/L) Cl 102.75+3.46 97.29+3.31 <0.001
Calcium (mmol/L) Ca 2.26+0.18 2.4+0.2 <0.001
Phosphorus (mmol/L) P 1.79+0.56 1.97+0.53 0.042
Transferrin Saturation (%) TS 31.05+10.4 34.4+10.23 0.049

ccaceae. In the RT group, the abundance of
Bacteroidaceae was significantly decreased
and Bifidobacteriaceae were significantly high-
er as compared to HD. With genera at the taxo-
nomic level (Figure 4B), the top five genera with
the highest abundance in the RT group were
Blautia, Bifidobacterium, Collinsella, Faecaliba-
cterium, and Roseburia. The predominant gen-
era of HD were mainly Bacteroides, Blautia,
Faecalibacterium, Roseburia, and Megamonas.
The LEfSe analysis (Figure 5) revealed the spe-
cific bacteria associated with each group. In RT,
the relative abundance of Bifidobacterium was
significantly higher than that of HD, while the
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abundance of Bacteroides, Megamonas and
Prevotella was significantly lower than that of
HD. At the species level, Blautia massiliensis
was more prevalent in the RT group, whereas
Prevotella copri and Megamonas funiformis
were more prevalent in the HD group.

Correlation of gut microbes with clinical indica-
tors

We studied the association between microbial
species and the clinical data from all patients,
and 25 species in four phyla (Firmicutes, Acti-
nobacteria, Bacteroidetes, and Proteobacteria)
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showed significant associations with the clini-
cal data (Figure 6). B2-MG was negatively
associated with Prevotella (shahii, oris), while
Bacteroides (finegoldii, sylanisolvens, dorei)
and Parasutterella secunda were positively
associated with Bifidobacterium dentium.
Phosphorus (P) was significantly negatively
correlated with Anaerocolumna jejuensis. La-
ctobacillus (mucosae, reuteri), Klebsiella pneu-
moniae, Enterococcus durans, and Megas-
phaera micronuciformis showed a significant
negative correlation with UA. Transferrin satu-
ration (TS) was significantly and positively cor-
related with Ruminococcus bromii and Kleb-
siella pneumoniae. ALB was positively correlat-
ed with Bacteroides dorei and negatively
associated with Steptococcus parasanguinis.
Among the electrolyte indexes, sodium (Na)
and chloride (Cl) were negatively correlated
with 7 species and positively correlated with 10
species.

Discussion

We first compared the gut microbiota between
RT patients and HD patients. The results
showed that RT patients had significantly lower
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Figure 1. Number of OUTs for RT and HD (A). Species
dilution curve (B). Species relative abundance curve
(C). RT: kidney transplant patients, HD: hemodialysis
patients.
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]
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alpha diversity than HD patients, and there are
many reasons for this change, such as antibi-
otic use, dietary restrictions, constipation, and
bad mood which may inhibit or promote the pro-
liferation of certain bacteria [16]. In addition,
we analyzed the correlation of microorganisms
with clinical data to identify key gut microorgan-
isms associated with RT or HD.

Our results showed a significant decrease in RT
microbial diversity, which is consistent with the
results [17, 18]. Firmicutes are the most abun-
dant bacterial taxa in the gut of RT patients and
HD patients. A study [17] pointed out that com-
pared with healthy people, the abundance of
Firmicutes in CKD patients and RT patients
decreased significantly, and the abundance of
RT patients was slightly higher than that of CKD
patients. Consistent results were also found in
our study. LEfSe method identified that the
abundance of Bacteroides, Megamonas and
Prevotella in RT patients was significantly lower
than that in HD patients, while the abundance
of Bifidobacterium was significantly increased.
Previous studies [10, 13, 19] have reported
similar results. Shivani et al. [13] found that
Bacteroides is the genus with the highest abun-
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Figure 3. The microbiota differences at the phylum level.

dance of intestinal microorganisms in CKD
patients, which is consistent with our research
results. A study of gut microbiota in CKD
patients and idiopathic nephrotic syndrome
(INS) patients showed that the abundance of
Megamonas in the CKD and INS groups was
significantly lower than that in healthy people
[19]. Another study showed that weight loss or
malnutrition was associated with Megamonas,
and their abundance was negatively correlated
with the rate of weight loss [20]. Therefore, we
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hypothesized that the in-
creased abundance of Me-
gamonas in HD may indi-
cate that intestinal ecology
is improving. Previous re-
ports [21, 22] have shown
that Prevotella is related to
the progress of hemodialy-
sis. Prevotella is a beneficial
bacterium that can produce
short-chain fatty acids, and
its increased abundance
promotes the formation of
short-chain fatty acids, thus
improving the clearance
rate of uremic toxins [23].

We further explored the
potential relationship be-
tween intestinal microbiota
dysregulation and clinical
indicators and found that
electrolyte Na and CI ions
had the greatest impact on
microbiota, showing signifi-
cant correlation for almost
all species. It is well known
that B2-MG is a sensitive
index to measure renal func-
tion decline [24]. In trans-
plant patients, its increase
indicates a rejection reac-
tion [25]. We found that
B2-MG was significantly ne-
gatively correlated with Ba-
cteroides, which are the
main players in maintaining
intestinal ecology and usu-
ally play a beneficial role in
the intestine [7]. However,
there are limited reports on
the related mechanisms of
Bacteroides in the regula-

tion of renal function. Further studies are need-
ed to characterize the composition and func-
tional changes related to intestinal dysbiosis
related to renal transplantation and hemodialy-
sis. In addition, this study found a significant
negative correlation between UA and Lacto-
bacillus, which is consistent with the previous
reports [20, 21]. Zhu et al. [26] found that kid-
ney injury and serum urea nitrogen and creati-
nine were reduced in mice with oral Lacto-
bacillus casei Zhang. Lactobacillus has a high
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clearance rate for uremic toxins, which can
reduce proinflammatory reactions, improve the
immune capacity of the kidney, and thus
improve renal function [27]. The intestinal flora
metabolizes proteins and produces toxins,
such as amines, phenols, indole, etc. [28].
Under normal circumstances, these toxins are
filtered by the kidney and discharged through
excreta. However, when renal function is im-
paired, these toxins produced by the intestinal
flora accumulate in the body and become the
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source of uremic toxins [29]. Limited informa-
tion is available on the association of clinical
indicators with microbial changes regarding
functional changes in intestinal dysbiosis
after renal transplantation or hemodialysis in
patients with CKD.

Our study identified significant changes in
microbial composition that may be associated
with kidney transplants and hemodialysis-relat-
ed diseases. However, there may be some limi-
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tations in this study, mainly that the sample
size is insufficient to further stratify the analy-
sis of patients with underlying diseases. In
addition, long-term follow-up is needed for the
next study to further clarify the dynamic chang-
es of gut microbiota. Future research should
focus on the mechanisms of interaction be-
tween intestinal flora and clinical indicators to
reveal the mechanism of action of specific
microbial taxa in regulating organ function in
patients.

In conclusion, we report that Bacteroides,
Megamonas, and Prevotella are the major taxa
of differences between RT patients and HD
patients. The microbiological diversity was sig-
nificantly decreased in RT patients compared
to HD patients. Our data suggest that
Bacteroides and Lactobacillus have a certain
correlation with the renal function of transplant
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patients and hemodialysis patients. These
potential biomarkers may help physicians to
conduct preventive and timely interventions in
patients with CKD to avoid the risk of mortality
arising from a poor prognosis.
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