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Dysbiotic gut microbiome in chronic kidney disease (CKD) patients has been extensively
explored in recent years. Skin microbiome plays a crucial role in patients with skin
diseases or even systemic disorders. Pruritus is caused by the retention of uremic solutes
in the skin. Until now, no studies have investigated the role of skin microbiome in CKD and
its association with pruritus. Here, we aim to examine the bacterial profile of skin
microbiome in CKD and whether it is correlated to pruritus. A total of 105 CKD patients
and 38 healthy controls (HC) were recruited. Skin swab was used to collect skin samples
at the antecubital fossa of participants. Bacterial 16S rRNA genes V3–V4 region was
sequenced on NovaSeq platform. On the day of skin sample collection, renal function was
assessed, and numeric rating scale was used to measure pruritus severity. Principal
coordinate analysis (PCoA) revealed a significant difference in bacterial composition
between the groups of CKD and HC. A depletion of bacterial diversity was observed in
CKD patients. Akkermansia, Albimonas, Escherichia–Shigella, etc. showed significant
higher abundance in CKD patients, whereas Flavobacterium, Blastomonas, Lautropia,
etc. significantly declined in patients. Escherichia–Shigella achieved an acceptable
diagnostic biomarker with area under the curve (AUC) value of 0.784 in the receiver
operating characteristics (ROC) curve. In addition, CKD patients with pruritus (P-CKD) had
a different bacterial community comparing to those without pruritus (non-P-CKD) and HC
group. Several bacterial genera showing significant difference between P-CKD and non-
P-CKD/HC, such asOribacterium, significantly declined in P-CKD patients than that in the
HC group, and Methylophaga significantly increased in P-CKD patients compared to that
in HC subjects. Escherichia–Shigella was positively associated with the levels of pruritus
severity, blood urea nitrogen (BUN), uric acid, and urine protein; Oribacterium was
negatively associated with pruritus severity, whereas it was positively associated with
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estimated glomerular filtration rate (eGFR) and 24-h urine volume. The dysbiotic of skin
microbiome in CKD patients and its association with pruritus and renal function shed a
light on skin probiotics.
Keywords: chronic kidney disease, Escherichia–Shigella, Oribacterium, pruritus, renal function
INTRODUCTION

Chronic kidney disease (CKD) is an important contributor to
morbidity and mortality from non-communicable diseases. In
2017, 697.5 million cases of all-stage CKD were recorded, for a
global prevalence of 9.1% (Collaboration GCKD, 2020). CKD
progression to end-stage renal disease often requires an
expensive renal replacement therapy, such as hemodialysis,
peritoneal dialysis, or kidney transplantation. As many as 9 in
10 adults with CKD do not know they have CKD, and about two
in five adults with severe CKD do not know they have CKD
(Prevention CFDC, 2021); it is important to investigate
diagnostic biomarkers and therapies for CKD.

Gut microbiome has gained attention and is increasingly
noted to play a significant role in a number of disease states,
including CKD. Several previous studies demonstrated that CKD
patients can be characterized with lower bacterial richness and
diversity (Hu et al., 2020; Ren et al., 2020; Liu et al., 2021). Several
bacterial genera in the gut can be considered biomarkers for
CKD patients. For example, Wang et al. demonstrated that CKD
patients had increased abundance of Eggerthella lenta,
Flavonifractor spp., Alistipes spp., Ruminococcus spp., and
Fusobacterium spp (Wang et al., 2020). Ren et al. reported that
Klebsiella and Enterobacteriaceae increased in CKD group
compared to that in HC subjects (Ren et al., 2020). We
previously found that Bifidobacterium and Bifidobacterium
longum predicted the prevalence of CKD (Liu et al., 2021).

Like the gut, human skin has its own microbiome. Skin
microbiome has important roles in educating the innate and
adaptive arms of the cutaneous immune system. Disruption of
skin microbiome is associated with skin disease or even systemic
disease (Meijers et al., 2019; Huang et al., 2020). The skin in
atopic dermatitis patients had a depletion of bacterial diversity
and an elevation of Staphylococcus aureus and Staphylococcus
epidermidis (Bjerre et al., 2017). Patients with systemic lupus
erythematosus exhibited disordered skin microbiome
accompanied with increased abundances of Staphylococcus and
Corynebacterium1 and a decreased abundance of Cutibacterium.
However, no studies have reported the association between skin
microbiome and CKD.

CKD-associated pruritus is defined as itching directly related
to kidney disease, without another comorbid condition to
explain itching. Pruritus is a distressing comorbidity found
commonly in patients with end-stage renal disease, chronic
kidney disease (CKD), and those on dialysis (Puneet et al.,
2021). Pruritus has a major clinical impact, being associated
strongly with poor quality of life, impaired sleep, depression, and
increased mortality (Ahdoot et al., 2022). Although the
pathogenesis of pruritus remains largely unclear (Combs et al.,
gy | www.frontiersin.org 2
2015), it is demonstrated that pruritus is mainly ascribed to the
retention of uremic solutes (Kim et al., 2021).

Skin microbiome is correlated with health state, and the
accumulation of uremic solutes in the skin contributes to
pruritus in CKD patients. Here, we hypothesized that CKD
patients had a dysbiotic skin microbiome, and it played a role
in pruritus severity.
METHODS AND MATERIALS

Subject Recruitment
The ethics committee of the Affiliated Wuxi Second Hospital of
Nanjing Medical University approved this study (Ref. 2018051).
Informed consent was provided by all subjects prior to
sample collection. Adult CKD patients and healthy controls
(HC) were recruited. Diagnostic criteria of CKD include a
decreased estimated glomerular filtration rate (eGFR) [<60 ml/
min/1.73m2 or evidence of kidney damage such as albuminuria
(albumin excretion rate ≥30 mg/24 h; urinary albumin creatinine
ratio (UACR) ≥30 mg/g], urine sediment abnormalities,
electrolyte and other abnormalities due to tubular disorders,
abnormalities detected by histology, structural abnormalities
detected by imaging, or history of kidney transplantation
(Perez-Gomez et al., 2019). CKD patients undergoing
hemodialysis were excluded from the study. The exclusion
criteria for HC were as follows: those with the following
illness or health conditions, namely, kidney damage; positive
urinary protein or eGFR <90 ml/min/1.73m2; diabetes;
hypertension; cancer; acute intercurrent disease and infections;
diarrhea; kidney transplantation; pregnancy; breastfeeding;
allergic history; those who used antibiotics, probiotics, or
immunosuppressive drugs; and ultraviolet therapy within the
past 30 days before enrollment. In addition, current or those had
a history of pruritus were excluded from the HC group, and
subjects with allergic history were excluded from both the CKD
and HC group.

CKD staging criteria is as follows: Stage 1, kidney damage
with normal eGFR (<90 ml/min); Stage 2, mild reduction in
eGFR (60–89 ml/min); Stage 3a, moderate reduction in eGFR
(45–59 ml/min); Stage 3b, moderate reduction in eGFR (30–44
ml/min); Stage 4, severe reduction in eGFR (15–29 ml/min); and
Stage 5, renal failure (eGFR <15 ml/min) (Stevens and
Levin, 2013).

Clinical Data Collection
Current illness, such as diabetes, hypertension, and cancer, was
assessed by reviewing clinical records and medical interviews.
The renal function was examined on the day of sample
June 2022 | Volume 12 | Article 923581
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collection. Numeric rating scale (NRS) was used to measure
itching severity in participants (Phan et al., 2012). The patients
were asked to record their current pruritus intensity on a NRS
from 0 (“no itch”) to 10 (“worst imaginable itch”) on a
questionnaire (Erickson and Kim, 2019).

Sample Collection and DNA Isolation
Participantswere asked toavoidbathing/showeringandapplication
of any topical agents on their left hand 24 h prior to the sample
collection. A 4-cm2 area from the antecubital fossa was firmly
swabbed for at least 30 s (Grice et al., 2008). The swab was
immediately placed in a sterile container, which has been added
with 1 ml sterile ddH2O before sample collection. All samples were
immediately stored at −80°C until further processing. DNeasy
PowerSoil Pro Kit was used to isolate microbial genomic DNA
from samples (Hilden, Qiagen, Germany), and the isolation
procedures were performed according to the manufacturer’s
instructions. The total DNA was eluted in 50 ml of elution buffer
and stored at −80°C until used for PCR.

16S rRNA Sequencing
PCR products were confirmed by 2% agarose gel electrophoresis.
Throughout the DNA extraction process, ultrapure water, instead
of a sample solution, was used as a negative control to exclude the
possibility of false-positive PCR results. Polymerase chain reaction
(PCR) amplification of the bacterial 16S rRNAgenes V3–V4 region
was performed using the universal primers 338F and 806R with 30
cycles. The PCR products were purified with AMPure XT beads
(Beckman Coulter Genomics, Danvers, MA, USA) and quantified
by Qubit (Invitrogen, Waltham, MA, USA). Amplicon pools were
prepared for sequencing, and the size and quantity of the amplicon
librarywere assessedusingAgilent 2100Bioanalyzer (Agilent, Santa
Clara,MA,USA) andLibraryQuantificationKit for Illumina (Kapa
Biosciences, Woburn, MA, USA), respectively. The libraries were
sequencedusing theNovaSeqPE250platform.Toavoid any impact
of batch effects, weprocessed and sequencedall of the saliva samples
at once.

Bioinformatic Analysis
Paired-end reads were assigned to samples based on their unique
barcodes and truncated by cutting off the barcode and primer
sequence. Paired-end reads were merged using FLASH. Quality
filtering of the raw reads was performed under specific filtering
conditions to obtain high-quality clean tags according to fqtrim
(v. 0.94). Chimeric sequences were filtered using Vsearch
software (v. 2.3.4). After dereplication using DADA 2, we
obtained a feature table and feature sequence. Alpha diversity
and beta diversity were calculated by normalization to the same
sequences randomly using QIIME2. Next, according to the
SILVA (v. 132) classifier (Phan et al., 2012), feature abundance
was normalized using the relative abundance of each sample.
Alpha diversity was applied to analyze the complexity of species
diversity for a sample through the Chao1, Shannon, and Simpson
indices. Beta diversity analysis was performed to evaluate
differences in ASVs between samples, and permutational
multivariate analysis of the variance method was used to
examine feature differences between groups of CKD and HC
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
based on unweighted unifrac distance; statistical significance was
defined as p < 0.05. The sequencing data obtained in this study
have been deposited in GenBank Sequence Read Archive under
accession number SRP370056 (https://www.ncbi.nlm.nih.gov/
bioproject/PRJNA825583).

Statistical Methods
Descriptive statistics for demographics and clinical characteristics
of the CKD and HC groups are presented. To compare
demographics and clinical characteristics between the CKD and
HC groups, continuous variables were assessed using independent
t-tests and categorical variables using chi-square or Fisher’s exact
tests, when appropriate.

R software (version 3.6.3) was used to perform bioinformatic
analysis. The Wilcoxon rank sum test was applied to compare
bacterial diversity and the relative abundance of bacterial taxa
and metabolic pathways between the CKD and HC groups, and a
Benjamini Hochberg false discovery rate (FDR)-corrected p-
value was calculated for comparative tests. A p < 0.05 was used
as a cutoff for comparative statistical tests. Next, the bacterial
genera displaying significant difference between CKD and HC
were selected to perform the correlation analysis between
bacterial genus and pruritus severity and renal function.
RESULTS

Demographics
A total of 103 CKD patients and 38 HC were recruited from
December 2018 to November 2020. As expected, compared to the
HC group, the CKD patients had significantly higher eGFR, serum
urea, serum creatinine, and serum uric acid (p < 0.05; (Table 1).
There were 77 CKD patients with pruritus (P-CKD) and 26
patients without pruritus (non-P-CKD). The P-CKD patients
had significantly higher age, serum urea, serum creatinine, urine
protein, and urine albumin/creatinine ratio comparing to non-P-
CKD patients (p<0.05; Supplementary Table 1).

CKD Patients Had a Distinct Bacterial
Community
In total, 11,803,437 raw reads were obtained (average raw reads
were 83,712; ranging from 53,514 to 87,895); 10,988,455 reads
were obtained after removing low-quality or ambiguous
reads. Good coverage ranged from 98.81% to 100.00%.

Principal coordinate analysis (PCoA) revealed a significant
difference in bacterial composition between the CKD and HC
groups (p = 0.001; Figure 1A). The Venn diagram in Figure 1B
illustrates 6,657 and 5,519 observed features in the CKD and HC
samples, respectively, of which 1,850 (15.19%) were shared.
Based on Wilcoxon rank analysis, only bacterial diversity index
of Simpson was significantly decreased in the CKD group
compared to the HC group (p < 0.05; Figure 1C).

Bacterial Profile Comparison Between
Groups of CKD and HC
As shown in Figure 1D, Proteobacteria, Firmicutes, Deinococcus
Thermus, and Actinobacteria were the most abundant bacterial
June 2022 | Volume 12 | Article 923581
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TABLE 1 | Characteristics of the participants.

Parameters CKD (n = 103) HC (n = 38) P-value

Age, year 59.32 ± 16.79 56.50 ± 16.98 0.379
Men 56 (54.37) 17 (44.74) 0.607
Body mass index (kg/m2) 25.43 ± 5.54 23.85 ± 2.56 0.106
eGFR (ml/min/1.73 m2) 57.59 ± 35.76 117.45 ± 45.57 <0.001
Serum urea (mmol/L) 11.90 ± 10.38 4.99 ± 1.42 <0.001
Serum creatinine (mg/dl) 203.79 ± 194.41 59.85 ± 10.81 <0.001
Serum uric acid 397.91 ± 137.81 265.41 ± 75.50 <0.001
Urine protein 1.11 ± 1.42 1.22 ± 1.93 0.812
24-h urine protein 2,940.42 ± 2,234.96 NA NA
24-h urine volume 1,869.44 ± 631.05 NA NA
Urine microalbumin 178.52 ± 55.97 NA NA
Urine albumin/creatine ratio 38.11 ± 15.48 NA NA
CKD stage
Stage 1 18 (17.48) NA NA
Stage 2 33 (32.04) NA NA
Stage 3 22 (21.36) NA NA
Stage 4 12 (11.65) NA NA
Stage 5 18 (17.48) NA NA

Co-current disease
Hypertension 76 (73.79) NA NA
Type 2 diabetes mellitus 28 (27.18) NA NA
Frontiers in Cellular and Infection Microbiology | www.front
iersin.org 4
 June 2022 | Volume 12 | Article
Pearson’s Chi-square/Fisher’s exact test was used to compare dichotomous variables, and an independent t-test was used to compare continuous variables.
B C

D

A

FIGURE 1 | Bacterial community, Venn, diversity, and composition in the groups of CKD and HC. (A) PCoA based on Bray–Curtis distances at ASV level
showed different microbial compositions between groups of CKD patients and HC (p < 0.05). Permutational multivariate analysis of variance (PERMANOVA)
was performed for statistical comparisons of samples in the two cohorts. p-value was adjusted by the Benjamini and Hochberg false discovery rate (FDR). (B)
Venn diagram showing a dissimilar number of ASVs shared by the groups of CKD and HC. (C) Bacterial richness and diversity measured by Chao1, Shannon,
and Simpson were calculated at the microbial ASV level. Wilcoxon rank-sum test was performed and adjusted by Benjamini and Hochberg false discovery rate
(FDR). *p < 0.05. (D) Bacterial profile at the phylum and genus level. Sankey plot representing overall gut mycobiome composition and corresponding
abundance area for CKD patients and HCs. The taxonomic classification levels of phylum and genus are displayed. The top 10 most abundant genera and
their affiliated phyla are shown in the Sankey plot.
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phyla in the participants. When the bacterial phylum was
compared be tween the groups o f CKD and HC,
Actinobacteria, Bacteroidetes, and Epsilonbacteraeota were
significantly enriched in the group of CKD (p < 0.05;
Supplementary Figure 1).

When the bacterial genus level was assessed, Ralstonia (8.34%),
Curvibacter (7.82%), Acinetobacter (5.13%), Enhydrobacter
(5.06%), and Staphylococcus (4.82%) were dominated in CKD
patients (Figure 1D). The predominated bacterial genus in the HC
group were Curvibacter, Staphylococcus, Enhydrobacter,
Acinetobacter, and Streptococcus, which accounted for 10.08%,
4.85%, 4.20%, 4.09%, and 3.39%, respectively (Figure 1D).

We compared the bacterial genus with relative abundance ≥1‰
between the groups of CKD and HC. Akkermansia, Albimonas,
Escherichia–Shigella, Methylophaga, and Thioalkalivibrio showed
significant higher abundance in CKD patients. In addition,
unclassified bacterial genera in Actinomycetales, Chloroplast,
Chromatiales, and Xanthomonadales were also enriched in CKD
patients (p < 0.05; Figure 2A), whereas in the Eubacterium
nodatum group, Flavobacterium, Blastomonas, Lautropia,
Exiguobacterium, Roseomonas, Comamonas, Trichococcus, and an
unclassified bacterial genus in Comamonadaceae significantly
declined in CKD patients (p < 0.05; Figure 2A). To look for
potential biomarkers that could distinguish CKD patients from
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
HC, receiver operating characteristics (ROC) curve was obtained.
From this analysis, Escherichia–Shigella achieved an area under the
curve (AUC) value of 0.784 (Figure 2B), indicating that it can be
considered as an acceptable diagnostic biomarker for CKD
(Mandrekar, 2010).

Alteration of Bacterial Community in CKD
Patients in Various Stages
When the patients were separated into subgroups based on CKD
stage, significant differences between the patients in various CKD
stages and HC were observed, except for Stages 1 and 4 (p < 0.05;
Figure 3A). However, we noticed that there was no significant
difference between patients in various CKD stages, such CKD
stage 1 vs. CKD stage 2 (p > 0.05). In addition, the bacterial
richness and diversity did not show significant difference
between HC and patients in each CKD stage and among CKD
stages (p > 0.05; Figure 3B). We compared the bacterial genus
with ≥1‰ relative abundance between HC and CKD stages and
among the five stages and found that CKD patients in Stage 1 had
significantly higher levels of Akkermansia, Escherichia–Shigella,
Methylophaga, and Porphyromonas, while Exiguobacterium,
Flavobacterium, and a bacterial genus in Comamonadaceae
significantly declined in Stage 1 CKD patients compared to
that in HC (p < 0.05; Figure 3).
B

A

FIGURE 2 | Bacterial comparison between CKD and HC. (A) Bacterial genera that were differentially abundant between CKD patients and HCs. Only the genera
with above 1‰ are displayed. p-value was calculated using Wilcoxon rank-sum test and adjusted by Benjamini and Hochberg false discovery rate (FDR). *p < 0.05,
**p < 0.01, and ***p < 0.001. (B) Receiver operating characteristic curve (ROC) curve for validation of bacterial classification of CKD from HC.
June 2022 | Volume 12 | Article 923581
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CKD Patients With Pruritus had a Distinct
Bacterial Community
When we compared P-CKD patients with non-P-CKD patients
and HC, we found that P-CKD group had a different bacterial
community from the groups of HC and non-P-CKD (p < 0.05;
Figure 4A). However, the bacterial richness and diversity did not
show difference among the three groups (p > 0.05; Figure 4B).
When the bacterial genus with relative abundance ≥1‰ were
compared among the three groups, Haemophilus showed
significant decline in P-CKD patients than that in non-P-CKD
and HC group. Meanwhile, Oribacterium significantly declined
in P-CKD patients than that in HC group, and Methylophaga
significantly increased in P-CKD patients compared to that in
HC subjects (p < 0.05; Figure 4C).

The Association of Renal Function
and Pruritus Severity With
Bacterial Community
To assess the influence bacterial microbiome on renal function
and pruritus severity in CKD patients, we performed Pearson
analysis using the bacterial genus, which showed significant
difference between the CKD and HC group. We found that
Escherichia–Shigella was positively associated with the levels of
blood urea nitrogen (BUN), uric acid, urine protein, and pruritus
severity; Eubacterium nodatum group was positively associated
with serum creatinine; Trichococcus was positively associated
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
with urine protein; Oribacterium was negatively associated with
pruritus severity, whereas it was positively associated with eGFR
and 24-h urine volume (p < 0.05; Figure 5).
DISCUSSION

Most of the previous studies on skin microbiome were focused
on skin disease, such as acne vulgaris, atopic dermatitis, and
cutaneous squamous cell carcinoma (Francuzik et al., 2018;
Mandrekar, 2010; O'Neill and Gallo, 2018; Wood et al., 2018).
Here, we demonstrated that the profile of skin microbiome in
CKD patients significantly differed from HC. It also showed that
the microbial profile correlated substantially with the pruritus
severity and renal function profiles in CKD patients.

First, we noticed that a distinct bacterial community was
associated with CKD patients, which was demonstrated by both
PCoA and Venn. The dysbiotic skin microbial community in
CKD has never been reported by studies on human and animal
models. The CKD patients exhibited lower bacterial diversity
compared to HC group, which was consistent with bacterial gut
microbiome in CKD patients (Hu et al., 2020; Ren et al., 2020;
Liu et al., 2021). Although the bacterial community differed
between CKD patients and HC group, the bacterial community
was fluctuated with eGFR. We noticed that only CKD patients in
Stages 2, 3, and 5 showed significant difference from HC group.
B

CA

FIGURE 3 | Bacterial community, diversity, and genus comparison in the subgroups according to CKD stages and HC. (A) PCoA based on Bray–Curtis
distances at ASV level showed different microbial compositions between subgroups of CKD stage and HC. Permutational multivariate analysis of variance
(PERMANOVA) was performed for statistical comparisons of samples in the six groups. p-value was adjusted by the Benjamini and Hochberg false discovery
rate (FDR). (B) Bacterial richness and diversity measured by Chao1, Shannon, and Simpson were calculated at the microbial ASV level. Wilcoxon rank-sum test
was performed and adjusted by Benjamini and Hochberg false discovery rate (FDR). (C) Comparison of the abundances of bacterial genus in CKD patients in
each stage and HC. *p < 0.05, **p < 0.01, and ***p < 0.001, respectively.
June 2022 | Volume 12 | Article 923581
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Similar findings were found in our previous study on the gut of
CKD patients (Liu et al., 2021). Additionally, our present study
found that there was a difference in microbial community
between the patients with pruritus and those without
pruritus and healthy subject, indicating that the skin
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
microbiome plays a potential role in regulating the skin
symptoms in CKD patients.

It is reported that most (> 90%) of bacteria of the human skin
microbiome are classified into four types: Actinobacteria,
Firmicutes, Proteobacteria, and Bacteroidetes (Elizabeth and
B

CA

FIGURE 4 | Bacterial community, diversity, and genus comparison in the groups P-CKD, nonP-CKD, and HC. (A) PCoA based on Bray–Curtis distances at ASV
level showed different microbial compositions among P-CKD, non-P-CKD, and HC. Permutational multivariate analysis of variance (PERMANOVA) was performed for
statistical comparisons of samples in the three groups. p-value was adjusted by the Benjamini and Hochberg false discovery rate (FDR). (B) Bacterial richness and
diversity measured by Chao1, Shannon, and Simpson were calculated at the microbial ASV level. Wilcoxon rank-sum test was performed and adjusted by Benjamini
and Hochberg false discovery rate (FDR). (C) Comparison of the abundances of bacterial genus in P-CKD, non-P-CKD, and HC. Wilcoxon rank-sum test was
performed and adjusted by Benjamini and Hochberg false discovery rate (FDR). *p < 0.05, **p < 0.01, and ***p < 0.001.
June 2022 | Volume 12 | Article 923581
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Julia, 2011). Indeed, the major bacterial phyla in our present
study were also classified into the abovementioned four bacteria.
Interestingly, a common feature of skin and gut microbial
communities displayed in the present skin study and our
previous gut study on CKD patients (Liu et al., 2021), such as
Actinobacteria, exhibited higher abundance in both the skin and
gut samples in patient group.

We noticed that Proteobacteria demonstrated slightly higher
abundance in CKD patients than that in HC group. High level
of Proteobacteria in the gut is responsible for unhealthy states,
including CKD (Zhao et al., 2021). The enrichment of
Proteobacteria in the skin is also reported to be associated
with illnesses, such as leprosy and pustula (van Rensburg et al.,
2015; Silva et al., 2018). In the present study, the high
abundance of Proteobacteria in CKD group was ascribed to
the high levels of Ralstonia, which accounted for 8.34% of the
total abundance in CKD patients, and it was listed as the top 1
abundant bacterial genus in patients. The association between
Ralstonia and health state has never been reported by human
microbiome study. Further study is needed to explore its
function in the skin.

The present study found that Escherichia–Shigella was not
only increased in CKD patients but also can be listed as a
moderate diagnostic biomarker in patients. Escherichia–Shigella
was also considered a diagnostic tool in the gut of CKD patients
in the study of Wu et al. (2020). Interestingly, our present study
demonstrated that only CKD patients in Stage 1 had higher
abundance of Escherichia–Shigella compared to HC group. Its
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
abundance was not significantly correlated to patient’s eGFR.
This finding was inconsistent to the study of Wu et al. (2020). In
their study, Escherichia–Shigella in the gut was positively
correlated to patient’s renal function (Wu et al., 2020). This
inconsistence might be partially due to the different sample
collection sites between the study of Wu et al. and our study.
Although Escherichia–Shigella did not exhibit an association
with eGFR, it was positively correlated to the levels of BUN,
uric acid, and urine protein. As high concentrations of BUN, uric
acid, and urine protein are also representative for the renal
function in CKD patients (Vanholder et al., 2018), we can
consider that high abundance of Escherichia–Shigella in
patient’s skin is a sign of renal function damages.

Similar to the alteration characteristic of Escherichia–
Shigella in the skin, the increasing Akkermansia can only be
detected in CKD stage 1 patient compared to HC group. As we
did not observe that there was a difference in the bacterial
community between the groups of CKD stage 1 and HC, the
alterations of Escherichia–Shigella and Akkermansia suggest
that some individual bacteria change earlier than the alteration
of the whole bacterial community, which might be useful for
detecting early renal insufficiency. It is worthy to note that the
observation of high abundance of Akkermansia in Stage 1 CKD
patients rather than other stages indicates compensated
mechanism in the skin, as the reduction in Akkermansia in
the gut has been reported in psoriasis (Eppinga et al., 2016; Tan
et al., 2018). It seems that Oribacterium, which is a strictly
anaerobic bacterial genus (Sizova et al., 2014), plays an important
FIGURE 5 | Skin microbiome was associated with pruritus and renal function in CKD patients. The heatmap depicted the association between the taxa which
differed in CKD relative to HC and the value of pruritus and renal function in CKD patients. Spearman correlation analysis was performed. The correlation of two
variables with values of |r| > 0.3 and p < 0.05 are displayed. *p < 0.05 and **p < 0.01.
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role in regulating the skin symptoms and renal function in CKD
patients, as it was negatively responding to pruritus severity and
positively responding to the values of eGFR and 24-h urine volume.
Until now, the function ofOribacterium in humanmicrobiome has
rarely been explored.Only a previous study reported the isolationof
Oribacterium spp. from human subgingival dental plaque, and its
major metabolic fermentation end products included acetate and
lactate (Sizova etal., 2014).Acetate and lactate belong to short-chain
fatty acids (SCFAs) (Koh et al., 2016). In human gut, SCFAs are the
main energy source of colonocytes and crucial to gastrointestinal
health (Canfora et al., 2015). Thus, it is worth to explore whether
Oribacterium plays a probiotic role in the skin of CKD patients and
how it regulates patients’ skin symptoms and renal function.

There are limitations that might generate bias in our present
study that should be considered. On the one hand, the sample size
was not comparative between the groups of patient and HC. CKD
is prevalent in the elder population (McClure et al., 2017). For
example, the average age of CKD patients in the present study was
59.32 years old. High prevalence of hypertension and diabetes is
common in the elderly (Kalyani et al., 2017; Benetos et al., 2019).
Over half of Chinese elderly people have hypertension (Hua et al.,
2019), and almost 60% of elderly Chinese have diabetes (Zhao
et al., 2016). To control the confounding factors caused by diabetes
and hypertension, we had to exclude thosewith hypertension and/
or diabetes at the recruitment of the present study. Therefore, it
was hard to recruit healthy elderly who were free of diabetes and
hypertension. On the other hand, we recruited the participants
lasting for 2 years.We could not remove the confounding factor of
temperature and humidity of the sample collection environment
led by season changes.

In conclusion, our present study first found that the altered
bacterial skin microbiome was associated with pruritus and renal
functions in CKD patients. These findings might be useful for
making skin probiotics supplements to relieve patients’ skin
symptoms or renal function damage.
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