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Abstract

Background: Chronic kidney disease (CKD) and hemodialysis (HD)
are associated with significant alterations in gut microbiota composition,
contributing to systemic inflammation and uremic toxin accumulation.

Objective: To compare the gut microbiota composition between end-stage
renal disease (ESRD) patients undergoing hemodialysis and healthy controls
from the same geographic region.

Methods: Fecal samples were collected from 50 hemodialysis patients and
50 healthy controls at King Fahd Hospital of the University, Al-Khobar,
Saudi Arabia (2021-2024). Whole-genome metagenomic sequencing of the
16S rRNA gene was performed to characterize microbial communities.

Results: Significant differences in gut microbial composition were
observed. HD patients showed enrichment of Firmicutes, Bacteroidetes, and
Proteobacteria, with increased abundance of Lactococcus, Lachnoclostridium,
and Actinobacteria, and depletion of Spirosoma, Sphingobacterium, Runella,
Prevotella, and Polaribacter. Alpha diversity was preserved across all
indices (Chaol, observed species, Shannon, Gini-Simpson). Beta diversity
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causing tubular damage, inflammation, fibrosis, and impaired
glomerular filtration through multiple molecular pathways
[11-14]. Other metabolites, including indole acetic acid and
kynurenines, derived from aromatic amino acid metabolism
by gut microbes, are linked to inflammation, oxidative stress,
and immune activation in CKD and HD patients [12-15].

Study Rationale

Despite growing recognition of the gut-kidney axis in
CKD pathophysiology, comprehensive characterization of
gut microbiota in hemodialysis patients remains limited,
particularly in Middle Eastern populations. This study
aims to provide detailed metagenomic analysis comparing
gut microbiota composition between ESRD patients
on hemodialysis and healthy controls, with the goal of
identifying specific microbial signatures that may inform
future therapeutic interventions.

Materials and Methods
Study Population and Design

This cross-sectional study was conducted at King Fahd
Hospital of the University, Al-Khobar, Saudi Arabia, between
2021 and 2024. The hemodialysis group (n = 50) comprised
ESRD patients receiving maintenance hemodialysis three
times weekly; the control group (n = 50) consisted of
healthy individuals with normal kidney function matched
for geographic location. All participants provided informed
consent, and the study was approved by the institutional ethics
committee. Exclusion criteria included antibiotic use within
4 weeks prior to sample collection, active gastrointestinal
disease, and inflammatory bowel disease.

Clinical Data Collection

Comprehensive clinical and biochemical data were
collected, including demographics (age, sex, BMI); kidney
function markers (BUN, creatinine, uric acid); nutritional
markers (albumin); haematological parameters (hemoglobin,
ferritin); metabolic parameters (fasting glucose, Na, K,
HCO:s); mineral metabolism (calcium, phosphorus, CaxP
product, iPTH, ALP); liver function (SGPT, SGOT); other
laboratory values (ammonia, lactic acid, LDH); and dialysis
duration (months).

Sample Collection and Processing

Fresh fecal samples were collected using sterile kits and
stored at —80°C. Bacterial DNA was extracted from 200 mg
stool using the QIAamp Fast DNA Stool Mini Kit (QIAGEN,
Germany) following the manufacturer’s protocol, including
InhibitEX buffer for PCR inhibitor removal, 95°C lysis,
Proteinase K digestion (70°C), centrifugation at 14,000 rpm,
AL/AW1/AW?2 buffer purification, and final elution stored at
=30 to —15°C.

16S rRNA Gene Amplification and Sequencing PCR
Amplification

V1-V9 hypervariable regions were amplified with
Illumina adapter overhangs in 25 pL reactions (1x PCR
buffer, 2.5 mM MgClz, 0.2 mM dNTPs, 0.2 uM primers, 1 U
Taq polymerase, 10 ng DNA). Thermal cycling: 95°C/3 min
initial denaturation; 30 cycles of 95°C/30 s, 55°C/30 s,
72°C/1 min; final extension 72°C/5 min. Amplicons were
verified on 1.5% agarose gels.

Library Preparation and Sequencing

The Swift Amplicon 16s+Its Panel with five overlapping
primer pairs (V1-V9) was used. SNAP Combinatorial Dual
Indexes enabled multiplexing; Swift Normalase provided
enzymatic normalization. Libraries (avg. 620 bp) were diluted
to 2.5 nM, pooled equimolarly, and sequenced on Illumina
NovaSeq 6000 (250 bp paired-end).

Bioinformatics and Statistical Analysi

Raw sequences were demultiplexed with bel2fastq2 v2.20
and Seqtk. Quality filtering used Deblur (chimera removal)
and VSEARCH (paired-end joining). OTUs were clustered
against Greengenes 13 8 using closed-reference clustering;
taxonomy was assigned with a pre-trained Naive Bayes
classifier. Data were combined into a Phyloseq object (R
4.1.1), normalized with DADA2, and differential abundance
tested with DESeq2 (v1.32.0). Alpha diversity was assessed
using Chaol, observed species, Shannon, and Gini-Simpson
indices. Beta diversity was evaluated with weighted/
unweighted UniFrac distances and OPLS-DA (R?*Y and Q?
statistics).

Results
Alpha Diversity

No statistically significant differences were observed
between HD patients and healthy controls across all alpha
diversity metrics (Chaol, observed species, Shannon, and
Gini-Simpson indices), indicating that microbial richness and
evenness are preserved in HD patients relative to controls
(Figure 1).

Beta Diversity

Beta diversity analysis using OPLS-DA demonstrated
substantial compositional differences between groups. HD
patients exhibited marked deviation from healthy controls,
with model parameters R?Y = 0.562 and Q> = 0.405
(p <0.001), indicating significant dysbiosis despite preserved
alpha diversity (Figure 2; Table 2).

Phylum-Level Changes

HD patients showed enrichment of Firmicutes and
Actinobacteria with pronounced depletion of Bacteroidetes.
Increased abundance was observed within Firmicutes
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Figure 1: Alpha diversity analysis comparing hemodialysis (HD)
patients and controls across four metrics: (A) Chaol species
richness, (B) observed species count, (C) Shannon diversity index,
and (D) Gini-Simpson index. ** p < 0.01; ns, not significant.

(Lactococcus, Lachnoclostridium) and Actinobacteria.
Beneficial Bacteroidetes genera significantly downregulated
in HD included Spirosoma, Sphingobacterium, Runella,
Prevotella, and Polaribacter.

Species-Level Analysis

Detailed species-level compositional differences are
visualized in the heatmap (Figure 3). Species are grouped by
relative abundance category and phylum affiliation.

Figure 3: Heatmap showing relative abundance of
bacterial species at genus/species level comparing control
and HD groups. Color scale (yellow to dark red) represents
normalized relative abundance values (0.00-0.33).

Species Enriched in the Control Group

The control group showed higher abundance of several
beneficial bacteria. Bifidobacterium longum showed
marked reduction in HD patients, dropping from moderate
to very low abundance. Bacteroides caecimuis and
Muribaculum intestinale were substantially more abundant
in controls. Within Lactobacillus, both L. paracasei and L.
salivarius showed higher control abundance. Clostridium
saccharolyticum,  Lachnoclostridium  phytofermentans,
Prevotella eroeca, Alistipes megaguti, Parabacteroides
bacterium cf., Chitinophaga pinensis, and Pseudomonas
urinown were also enriched in controls.

Table 1: Clinical and biochemical characteristics of hemodialysis patients and healthy controls.

Variable Control (n = 50) HD (n = 50) t-statistic / x* p-value Sig.
Gender (F/M) 28/22 24/26 x2=0.641 0.4233 ns
Age (years) 545+12.3 60.4 £10.3 t=-2.600 0.0108 *
BMI (kg/m?) 284+20 30.2+238 t=-3.699 < 0.001 e
BUN (mg/dL) 146+4.4 689+11.4 t=-31.421 < 0.001 b
Creatinine (mg/dL) 0.9+0.2 9.8+4.2 t=-14.967 < 0.001 o
Uric acid (mg/dL) 41141 7209 t=-15.423 < 0.001 o
Albumin (g/dL) 45+0.9 3.7+0.3 t=5.963 < 0.001 e
SGPT (U/L) 30.7+8.2 33.3+104 t=-1.388 0.1684 ns
SGOT (U/L) 242+7.3 285+9.2 t=-2.589 0.0112 *
LDH (U/L) 160+ 12.4 158 £ 13.4 t=0.775 0.4404 ns
ALP (U/L) 106 + 45.8 112.4 £ 68.5 t=-0.549 0.5843 ns
Sodium (mEg/L) 13727 138.1+3.3 t=-1.824 0.0713 ns
Potassium (mEq/L) 46+04 45+0.3 t=1.414 0.1607 ns
HCOs (mEq/L) 248+25 245+21 t = 0.650 0.5174 ns
Ammonia (umol/L) 248+7.5 25.7+104 t=-0.496 0.6209 ns
Lactic acid (mmol/L) 1.1+0.3 1.2+05 t=-1.213 0.2288 ns
Calcium (mg/dL) 9.1+0.3 9.1+13 t=0.000 1 ns
Phosphorus (mg/dL) 3.8+1.3 6.9+2.1 t=-8.875 < 0.001 e
Ca x P product 30.3+22 60.6 + 8.7 t=-23.875 < 0.001 b
iPTH (pg/mL) 285+7.0 682.9 +201.4 t=-22.962 < 0.001 e
Ferritin (ng/mL) 256 + 55.6 263.7+71.1 t=-0.603 0.5478 ns
Hemaoglobin (g/dL) 145+2.0 9412 t=15.462 < 0.001 o
Fasting glucose (mg/dL) 140.5+22.4 149.2 £ 22.1 t=-1.955 0.0534 ns
Dialysis duration (months) — 61.7+19.3 — — —

Abbreviations: HD, hemodialysis; BMI, body mass index; BUN, blood urea nitrogen; ALP, alkaline phosphatase; iPTH, intact parathyroid
hormone; ns, not significant. Significance: * p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 2: OPLS-DA model performance parameters comparing
control and HD groups.

Group 1 Group 2 R%Y Q?
Control HD 0.562 0.405

R2Y, explained variance; Q?, cross-validated predictive ability. Higher
values indicate greater group separation

C OPLS-DA

R2X2 (21.1%)

5 0 5 10
R2X1 (23.8%)
Figure 2: Beta diversity OPLS-DA plot demonstrating clear
separation between control and HD groups. R2X1 (23.8%) and

R2X2 (21.1%) represent variance explained by components 1 and
2, respectively.

Relative Abundance of Microbiota:
Control vs Hemodialysis (HD)

oo0 T 000
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Figure 3: Heatmap showing relative abundance of bacterial species
at genus/species level comparing control and HD groups. Color
scale (yellow to dark red) represents normalized relative abundance
values (0.00-0.33).
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Species Enriched in the HD Group

Within Proteobacteria, K. oxytoca showed dramatic
elevation, and Escherichia coli reached maximum abundance
in HD. Among Firmicutes, L. amylovorus, L. vaginalis, L.
phytofermentans, Veillonella rodentium, V. parvula, V.
Unknown (reaching maximum abundance), Clostridium
difficile, and multiple Blautia species (B. sp. YL58, B.
hansenii) were enriched. Eggerthella lenta (Actinobacteria)
showed significant HD elevation.

Summary of Dysbiotic Pattern

The microbiota alterations in HD patients were
characterized by: (1) pathogenic enrichment — increased
Proteobacteria (Klebsiella, Escherichia) and pathogenic
Firmicutes (C. difficile, Veillonella); (2) loss of beneficial
bacteria — decreased Bifidobacterium spp. and certain
Lactobacillus strains; (3) maintained diversity but altered
composition — alpha diversity preserved while beta
diversity revealed profound compositional shifts; and (4)
clinical correlation with known HD complications including
cardiovascular risk, mineral-bone disorder, anemia, and
infection susceptibility.

Discussion

This comprehensive metagenomic analysis reveals distinct
gut microbiota alterations in hemodialysis patients that both
challenge and extend current concepts of the gut—kidney
axis. Contrary to many prior studies, alpha diversity was
preserved in HD patients compared with healthy controls,
indicating that microbial richness and evenness are not
universally reduced in advanced kidney disease. In contrast,
beta diversity demonstrated profound compositional
disruption, with HD patients showing the greatest deviation
from controls (R?Y = 0.562, p < 0.001), highlighting marked
community restructuring rather than diversity loss. These
findings contrast with reports by Lun et al. [16] and Yasuno
et al. [17], who observed significantly reduced Shannon and
Simpson indices in dialysis cohorts. However, our results align
with Kim et al. [18], who found no significant alpha diversity
differences in a larger HD cohort. Our beta diversity findings
are consistent with previous studies showing clear clustering
differences using PCA, NMDS, and PCoA approaches [16-
18], and support the concept of progressive compositional
shifts along the CKD continuum [17]. Dialysis modality and
intensity may further influence microbial composition [19,20].
At the taxonomic level, HD patients demonstrated enrichment
of Firmicutes and Actinobacteria with pronounced depletion
of Bacteroidetes. Increased Clostridium, Streptococcus, and
Firmicutes taxa corroborate Wong et al. [21] and Gryp et
al. [22]. Elevated Lactobacillus aligns with Gryp et al. [22],
and Actinobacteria enrichment (Actinomyces, Paenibacillus)
parallels Wong et al. [21]. However, increased Blautia and
Lachnoclostridium contrasts with Yasuno et al. [17], who
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reported depletion of butyrate-producing genera. The 12.5-
fold reduction in Escherichia is the most striking discrepancy,
opposing consistent enrichment reports [19-25], possibly
reflecting cohort demographics, antibiotic exposure, or
analytical resolution differences. Notably, this study identifies
previously underreported features of the HD microbiome.
The extensive depletion of diverse Bacteroidetes genera
— beyond the commonly reported Prevotella — suggests a
broader ecological collapse within this phylum. Additionally,
reductions in opportunistic pathogens such as Myroides and
Elizabethkingia highlight the advantage of deeper taxonomic
profiling over conventional 16S-based approaches. At the
phylum level, enrichment of Firmicutes and Actinobacteria
with depletion of Bacteroidetes contrasts with Lun et al. [16],
who reported increased Bacteroidetes and Proteobacteria
in CKD and hemodialysis patients. This discrepancy likely
reflects differences between CKD populations and patients
undergoing long-term hemodialysis, suggesting dialysis
imposes distinct selective pressures on the gut ecosystem.
Overall, our findings corroborate prior evidence of profound
dysbiosis in HD patients while emphasizing that this
dysbiosis is driven primarily by community restructuring
rather than loss of diversity. The dysbiotic signature
comprises: (1) enrichment of potentially pathogenic bacteria
within Proteobacteria (Klebsiella pneumoniae, K. oxytoca,
Escherichia coli) and certain Firmicutes (Clostridium difficile,
Veillonella species); (2) depletion of beneficial commensals,
including Bifidobacterium species (especially B. longum) and
certain Lactobacillus strains; and (3) increased opportunistic
pathogens contributing to uremic toxin production and
systemic inflammation. The observed divergences across
taxa underscore the heterogeneity of microbiome alterations
in dialysis cohorts and highlight the importance of high-
resolution taxonomic analysis. Several limitations should be
acknowledged. First, this cross-sectional design precludes
causal inference; longitudinal studies are needed to determine
whether dysbiosis antecedes or results from HD initiation.
Second, dietary intake data were not systematically collected,
representing a significant potential confounder of microbial
composition. Third, although antibiotic use within 4 weeks
was an exclusion criterion, more distant antibiotic exposure
and other medication effects (phosphate binders, proton pump
inhibitors) were not fully controlled for. Fourth, the study was
conducted at a single center in Eastern Saudi Arabia, limiting
the generalizability of findings to other populations. Finally,
functional metagenomic profiling (e.g., shotgun sequencing)
would provide complementary information on metabolic
pathway activities that 16S rRNA sequencing alone cannot
capture.
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