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Abstract

Key words

Background and Aims: Patients with end-stage liver disease (ESLD) frequently experience persistent
pruritus, which significantly impairs their quality of life. Although relief of pruritus after liver
transplantation is often attributed to the normalization of bilirubin levels, the role of skin microbiota in
developing pruritus remains unclear. This study aimed to investigate the dynamic changes in skin
microbiota during the perioperative period of liver transplantation in ESLD patients and to explore their
association with pruritic symptoms.

Methods: Fifteen ESLD patients treated in the Third Xiangya Hospital between 2022 and 2023 were
enrolled and skin swabs were collected from the anterior tibial region at three time points: before liver
transplantation and on postoperative days 7 and 30. Skin samples from 15 age-matched healthy controls
were collected at the same anatomical site. Microbial composition was analyzed using 16S rRNA
sequencing. Meanwhile, pruritus severity was assessed using a visual analogue scale (VAS), and multiple
serological indicators were measured to evaluate correlations between microbiota changes, pruritus
severity, and liver function parameters.

Results: Compared with healthy controls, ESLD patients exhibited significantly altered p-diversity in
skin microbiota and an increased relative abundance of Staphylococcus (LDA>4), which was strongly
correlated with VAS scores for pruritus (7=0.93, P,_,=3.08x107'%). On postoperative day 7, a-diversity
decreased, and Staphylococcus abundance peaked, then gradually normalized by day 30 as pruritus
improved. Further analysis revealed that Staphylococcus abundance was positively correlated with
alanine aminotransferase, aspartate aminotransferase, total bilirubin, direct bilirubin, total bile acids, and
international normalized ratio, and negatively correlated with albumin (all P,,<0.05). Notably,
Staphylococcus levels were significantly higher in patients with moderate to severe pruritus (VAS
score>5).

Conclusion: ESLD patients demonstrate marked dysbiosis of the skin microbiota during the
perioperative period of liver transplantation, characterized by an abnormal proliferation of
Staphylococcus, which may contribute to the development and exacerbation of pruritus. Targeting the
skin microbiome, particularly interventions against Staphylococcus, may offer a novel therapeutic
strategy for alleviating pruritus in ESLD patients.

Liver Transplantation; End-Stage Liver Disease; Pruritus; Skin; Staphylococcus
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Figure 1 Flowchart of patient inclusion and exclusion
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Table 1 Baseline characteristics of the ESLD and HC
groups (n=15)

TiH HC4H ESLD 24 P
PEn(%)]

b 14(93.30) 14(93.30)

'8 1(6.70) 1(6.70) 10000
I (% % £ s) 42.93+7.87 46.47+7.87 0.229 2
BMI(kg/m?,x + 5) 22.73+2.28 24.43+3.27 0.108 8
W 2 [ (%)) 2(13.30) 4(26.70) 0.650 0
P2 [ (%)) 5(33.30) 3(20.00) 0.680 0
ALT(U/L,X + 5) 23.00+6.55 63.93+18.37  <0.000 1
AST(U/L,X + 5) 20.53+5.54  107.60+32.53  <0.000 1
TBIL(pmol/L,% + 5) 14.80+2.73  395.50+90.72  <0.000 1
DBIL(wmol/L, % + s) 4.01£1.31  297.80+100.40  <0.000 1
TBA (pmol/L,x + 5) 5.69+221  214.20+47.78  <0.000 1
ALB(g/L,% + 5) 45.35+2.67 28.39+3.63 <0.000 1
Cre(pmol/L,x + 5) 60.60+12.18  97.20+53.66 0.015 6
INR(% + 5) 1.1520.22 2.27+0.31 <0.000 1
Hb(g/L,% + s) 151.80£14.05  88.53x15.14  <0.000 1
WBC(X10°/L,% + s) 5.82+1.16 11.42+2.73 <0.000 1
PLT(X10°/L,% + s) 241.70+66.54  72.47+36.40  <0.000 1
MELD ##45 ( + ) — 27.20+5.23 —
VAS T4 (% + 5) = 5.27+2.09 =
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JERETR ] (Firmicutes) M HAH & )& 78 ESLD 41 & 3
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Figure 2 Composition characteristics of the skin microbiota in the HC and ESLD groups
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A: a-diversity indices (P,,>0.05);

B: Venn diagram of ASVs shared between the two groups; C: Comparison of ASV counts per sample; D: Relative

abundance of the top 20 taxa at the phylum and genus levels in both groups
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Figure 3 Structural differences in the skin microbiota between the HC and ESLD groups

A: PCoA based on Bray-Curtis

distances [Each point represents one sample; point size is proportional to the observed ASV count. Samples from the ESLD
group are shown in blue, and those from the HC group in green. Ellipses indicate the 95% CIs within each group.
PERMANOVA (Adonis test) revealed a significant overall separation between groups (R>=0.054 7, P=0.003 1). Box plots
adjacent to the axes show the distributions of PCol and PCo2 scores]; B: LEfSe analysis (LDA score>4, P<0.05) identified
taxa with significantly different abundances between the two groups [Orange bars indicate taxa enriched in healthy controls,
while dark teal bars indicate taxa enriched in ESLD patients. Taxonomic ranks are denoted by prefixes: p_ (phylum), ¢

(class), o (order), f (family), and g_ (genus)]
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Figure 4 Composition characteristics of the skin microbiota across all groups A: a-diversity indices; B: Venn diagram of

shared ASVs among the groups; C: Comparison of ASV counts per sample in each group; D: Relative abundance of the top

20 taxa at the phylum and genus levels in each group
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Figure 5 Structural differences in the skin microbiota across groups
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A: PCoA based on Bray-Curtis distances [Each point

represents one sample; point size is proportional to the observed ASV count. Samples are color-coded by group: green for
HC, blue for ESLD, orange for LTR_D7, and dark teal for LTR_D30. Ellipses indicate the 95% confidence intervals within
each group. PERMANOVA (Adonis test) revealed a significant overall separation among groups (R’=0.084 7, P=0.000 2).
Box plots adjacent to the axes display the distributions of PCol and PCo2 scores]; B: LEfSe analysis (LDA score>4, P<
0.05) identified taxa with significantly different relative abundances between the LTR D7 group (orange) and the LTR D30
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Figure 6 Trends in differential skin microbiota and pruritus scores

A: Venn diagram showing the overlap of differential taxa;

B: Relative abundance of Staphylococcus across different groups; C: Paired line plot of Staphylococcus relative abundance

in individual ESLD patients at different time points; D: Paired line plot of pruritus VAS scores in individual ESLD patients

at different time points
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Figure 7 Correlation analysis between differential skin microbiota and pruritus scores (Each dot represents one subject; the
red solid line indicates the linear regression fit, and the shaded area represents the 95% CI)
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Figure 8 Comparison of the relative abundance of Staphylococcus in patients with different pruritus severities
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Figure 9 Correlation analysis between the relative abundance of skin Staphylococcus and clinical laboratory parameters
across the ESLD, LTR_D7, and LTR_D30 groups (Each dot represents one subject; the red solid line indicates the
linear regression fit, and the light red shaded area represents the 95% CI)
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Figure 10 Correlation analysis between the relative abundance of skin Staphylococcus and clinical laboratory parameters
across the ESLD and LTR_D30 groups (Each dot represents one subject; the red solid line indicates the linear

regression fit, and the light red shaded area represents the 95% CI)
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