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ABSTRACT

Background: Catheter-related infection (CRI) is a major complication in patients undergoing
hemodialysis. The lack of high-throughput research on catheter-related microbiota makes it difficult
to predict the occurrence of CRI. Thus, this study aimed to delineate the microbial structure and
diversity landscape of hemodialysis catheter tips among patients during the perioperative period
of kidney transplantation (KTx) and provide insights into predicting the occurrence of CRI.
Methods: Forty patients at the Department of Transplantation undergoing hemodialysis catheter
removal were prospectively included. Samples, including catheter tip, catheter outlet skin swab,
catheter blood, peripheral blood, oropharynx swab, and midstream urine, from the separate pre-
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and post-KTx groups were collected and analyzed using metagenomic next-generation sequencing
(MmNGS). All the catheter tips and blood samples were cultured conventionally.

Results: The positive detection rates for bacteria using mNGS and traditional culture were 97.09%
(200/206) and 2.65% (3/113), respectively. Low antibiotic-sensitivity biofilms with colonized bacteria
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were detected at the catheter tip. In asymptomatic patients, no statistically significant difference
was observed in the catheter tip microbial composition and diversity between the pre- and
post-KTx group. The catheter tip microbial composition and diversity were associated with fasting
blood glucose levels. Microorganisms at the catheter tip most likely originated from catheter
outlet skin and peripheral blood.

Conclusions: The long-term colonization microbiota at the catheter tip is in a relatively stable
state and is not readily influenced by KTx. It does not act as the source of infection in all CRIs,
but could reflect hematogenous infection to some extent.

1. Introduction cardiovascular events [2, 4]. CVC contributes to a 1.5-to 3-fold
increased risk of death from infectious causes and a 2-to
3-fold increased risk of death from all-cause [4]. In patients
carrying hemodialysis catheters during the perioperative
period of kidney transplantation (KTx), the prevention and
early diagnosis of CRI is particularly important owing to the
intensive use of immunosuppressants [5]. Some studies sug-
gest that biofilms are closely associated with the occurrence

and development of CRI [4]. However, the impact of

Central venous catheter (CVC) is commonly used for vascular
access during hemodialysis in patients with end-stage renal
disease [1, 2]. Approximately 83.3% of patients initiated
hemodialysis with CVCs in 2020, and 16.8% of these remained
in use 12months after hemodialysis [3]. One of the major
clinical complications of indwelling hemodialysis catheter, i.e.
catheter-related infection (CRI), is the second leading cause
of death in patients undergoing hemodialysis following
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intensive immunosuppressants during the perioperative
period of KTx on the hemodialysis catheter biofilms, and the
association between biofilm changes and the occurrence and
development of CRI, remain underexplored.

Currently, the CRI diagnosis primarily relies on traditional
culture, immunological detection, and polymerase chain
reaction (PCR) [6]. However, traditional culture is limited by
long wait times, low pathogen coverage, and insufficient
positive detection rate. Although PCR testing is faster than
traditional culture, the need for designing specific primer
sets makes identification of mixed or rare infections diffi-
cult, and often leads to a lack of accurate clinical informa-
tion [6, 7]. The interior of the catheter is relatively clean,
and thus high-sensitivity detection methods are needed for
the detection of catheter-related microbiota. Currently,
next-generation sequencing (NGS) mainly includes three
applications in clinical microbiology laboratories, namely
whole-genome sequencing, targeted NGS and metagenom-
ics NGS (mNGS), which are used extensively in precision
medicine, especially for the identification of difficult-to-cul-
ture, atypical, and rare pathogens [8-11]. Among them,
mNGS, known as agnostic or unbiased NGS, has emerged
as a promising single and universal pathogen (i.e. bacteria,
fungi, parasites, and viruses) detection method for allowing
pan-nucleic acid detection directly from patient samples [6].
It has the advantages of a short detection cycle, wide cov-
erage and high sensitivity. Multiple studies have confirmed
the importance of mNGS in detecting pathogens and reduc-
ing the empirical treatment time in the absence of any evi-
dence of pathogenicity [12-14]. Previous studies have
mostly focused on the diagnostic value of mNGS in
catheter-related bloodstream infections [6], with few on the
composition and clinical significance of the colonization
microbiota in catheters.

Therefore, this study aimed to delineate the microbial
structure and diversity landscape of the hemodialysis cathe-
ter tip in dialysis patients during the perioperative period of
KTx, bridge the gap in the normal colonization microbial
database of hemodialysis catheters, improve the diagnostic
specificity of mNGS for hemodialysis catheter samples, and
provide new insights for prevention of CRIs.

2. Materials and methods

2.1. Patients and study design and biological samples
collection

This study was approved by the Ethics Committee of Nanfang
Hospital, Southern Medical University (NFEC-2023-105). Each
patient voluntarily participated in the study and signed a
written informed consent. All kidney allografts were from
donation after brain death (DBD) donors. No organs were
obtained from prisoners.

Inclusion criteria: 1. Patients undergoing internal jugular
vein/femoral vein hemodialysis catheter removal or replace-
ment from May 2020 to April 2022 at the Department of
Transplantation, Nanfang Hospital, Southern Medical

University, including those who routinely replace hemodialy-
sis catheters before KTx and those who remove hemodialysis
catheters after KTx due to no longer clinically indicated; 2.
Patients who underwent hemodialysis catheter removal due
to suspected CRI. CRI is defined as: 1. No obvious source of
bloodstream infection other than the catheter; 2. The same
microorganism is isolated from both peripheral blood and
catheter tip after excluding other sources of infection; 3.
Clinical symptoms of infection (such as fever, redness of the
exit site of the catheter, etc.) improve after removal of the
catheter [6, 15].

Before catheter removal in the procedure room, the cath-
eter outlet skin swab with a diameter of 2cm was taken, and
10mL of catheter blood (discharging the initial 5mL of
blood) and peripheral blood from the right arm vein were
respectively collected using cfDNA vacuum collection tubes.
The catheter was directly removed under aseptic conditions,
and completed using a no-touch technique with sterile
gloves and gowns. After completely removing the catheter,
the distal 4cm of the catheter tip was cut and divided into
two parts along the long axis by sterile surgical scissors, and
immersed in 10mL of sterile saline for examination. The mid-
stream urine was taken on the morning of the day of cathe-
ter removal and an oropharynx swab was simultaneously
collected. The above samples are processed for DNA
extraction within 24h and stored at —80°C. mNGS is per-
formed on the same batch of samples within one working
day, and catheter blood, peripheral blood, and catheter tip
are simultaneously subjected to traditional culture.

The patients’ baseline demographics (such as age, sex,
home address, and body mass index, etc.), date and loca-
tion of the last catheterization, antibiotic usage, laboratory
test indicators (such as white blood cell count, neutrophil
count, platelet count, hemoglobin, serum creatinine, and
C-reactive protein, etc.) on the day of catheter removal,
history of kidney disease, comorbidities, and transplant-
related information (including the immunosuppression
induction regimen, maintenance immunosuppression regi-
men, and delayed graft function) of KTx recipients were
collected.

2.2. DNA extraction and library construction

Cell-free DNA from blood samples was extracted using the
QlAamp Circulating Nucleic Acid Kit (Qiagen, Germany) and
urine DNA was extracted using the TIANamp Magnetic DNA
Kit (Tiangen, China) according to the manufacturer’s instruc-
tions. The catheter tip samples soaking in saline solution, as
well as the catheter outlet skin and oropharynx swabs placed
in PBS, were vortexed thoroughly at 2800rpm for 15s. Then
the saline and PBS wash were collected to extract DNA using
a magnetic bead method kit developed by a third-party test-
ing agency (Nanjing Dinfectome Technology Inc.,, Nanjing,
China). The quantity and quality of DNA were assessed using
the Qubit (Thermo Fisher Scientificc USA) and NanoDrop
(Thermo Fisher Scientific, USA), respectively, and more than
3ng of total DNA was required for quality control. The DNA



library was prepared using the KAPA Hyper Prep Kit (KAPA
Biosystems, USA) in accordance with the manufacturer’s pro-
tocol. The quality controll was conducted using the Agilent
2100 system (Agilent Technologies, Santa Clara, USA).

2.3. Sequencing and data analysis

DNA libraries were sequenced on the lllumina NextSeq
550Dx (lllumina, USA) using a 75-cycle single-end index
sequencing kit. Raw sequencing data was filtered by bcl-
2fastq2, and high-quality sequencing data were generated
using Trimmomatic by removing low-quality reads, adapter
contamination, and duplicated and shot (length < 36bp)
reads. Human host sequences were subtracted by mapping
to the human reference genome (hs37d5) using bowtie2.
Reads that could not be mapped to the human genome
were retained and aligned with the microorganism genome
database for microbial identification by Kraken, and for spe-
cies abundance estimating by Bracken. The microorganism
genome database contained genomes or scaffolds of bacte-
ria, fungi, viruses and parasites (download from GenBank
release 238, ftp://ftp.ncbi.nlm.nih.gov/genomes/genbank/).

2.4. Metagenome and interpretation

Functional metagenome profiling was calculated using
HUMANN2 standard workflow with default settings. Tables of
UniRef90 gene family and MetaCyc pathway abundances in
units of reads per kilobase (RPK) were normalised to relative
abundance using the humann2_renorm_table command of
HUMANN?2. Tables of normalized gene family were converted
into Gene Ontology (GO) and KEGG Orthology terms (KO)
using humann2_regroup_table command of HUMANN2.
Then, normalized KO were mapped to KEGG pathways and
KEGG modules using MinPath, as provided with the
HUMANN2.

2.5. Statistical analysis

Statistical analysis was performed by R software (v4.0.1).
Alpha diversity was estimated by the Shannon index based
on the taxonomic profile of each sample and beta diversity
was assessed by the Bray-Curtis measure. Pre- and
post-operative samples from pre- and post-KTx groups, which
were separate patient populations selected at different time
points, were compared by using Wilcoxon rank sum test and
visualized by principal coordinate analysis (PCoA) plot.
PERMANOVA was performed by the R package “vegan” to
analyze Bray-Curtis distance in different groups. Differential
relative abundance of taxonomic groups at the genus level
among groups was tested by using Kruskal-Wallis rank sum
test (R package “kruskal.test”). The genera with mean relative
abundances greater than 1% and penetrance greater than
40% among all samples were compared. Spearman’s correla-
tions between clinical features and the relative abundances
of genera were calculated by the R package “cortest’, and
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FDR correction was adopted to adjust all p values. Statistically
significant differences in the relative abundance of microbe,
GO function, KEGG pathways and MetaCyc pathways among
groups were assessed by the linear discriminant analysis of
effect size (LEfSe) analysis. Mean with standard diviation and
median with interquartile range (IQR) values were described
statistically, and the significance of the mean difference
between groups was tested by t-test for continuous vari-
ables. Chi-square or Fisher’s exact tests were used to evaluate
the significance of the sensitivity difference between differ-
ent groups for non-matched samples.

3. Results
3.1. Sample and patient characteristics

Overall, 40 patients who underwent hemodialysis catheter
removal during hospitalization were enrolled in the study,
with 21 (52.50%) males and 19 (47.50%) females. Among
them, 18 patients underwent catheter replacement before
KTx, with a median duration of 35 (IQR: 14-69) days from the
last catheter placement and a median time of 7 (IQR: 3-15)
days to KTx, and four cases were suspected of CRI. Further,
22 patients underwent hemodialysis catheter removal after
KTx, with a median duration of 10 (IQR: 6-11) days from KTx
to catheter removal, and two cases were suspected of CRI.
Patients with suspected CRI and those who underwent KTx
received antibiotics. Patients after KTx were also treated with
a combination of immunosuppression induction regimen
with "basiliximab + methylprednisolone” and maintenance
immunosuppression regimen with "tacrolimus+mycopheno-
late + prednisone”. Other clinical information and laboratory
findings on the day of catheter removal are presented in
Table 1.

A total of 206 clinical samples were collected, including
40 catheter tip samples, 40 peripheral blood samples, 33
catheter blood samples, 33 catheter outlet skin swabs (30
from the neck and three from the groin), 32 oropharyngeal
swabs, and 28 midstream urine samples (Figure 1). All the
above samples were tested using mNGS. The catheter tip,
peripheral blood and catheter blood samples were simulta-
neously cultured conventionally. Among the 206 samples, at
least one pathogenic microorganism was detected in the
other samples using mNGS (97.09%, 200/206), except in two
catheter tip samples, three peripheral blood samples and
one catheter blood sample. Among the 113 samples tested
using traditional culture, only 3 samples (2.65%, 3/113)
obtained from the catheter tip, catheter blood and peripheral
blood of one patient with clinical indication of CRI were
positive.

3.2. Core microbiota composition across different sampling
sites

Through mNGS, a total of 21.22 million high-quality microbial
reads were detected from 206 clinical samples, including 17.8
million bacteria, 1.87 million fungi, and 1.54 million viruses.
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Table 1. Clinical characteristics of patients.

Total (n=40) Before KT (n=18) After KT (n=22) t value p value
Patient demographic
Age (mean+SD) 39.75+12.19 37.83+10.11 41.32+13.47 0.885 0.382
Male, n (%) 21 (52.50%) 10 (55.56%) 11 (50.00%) — 0.761
BMI 20.60+3.42 20.46+3.60 20.77 £3.42 0.290 0.773
Insertion site of CVC
Insertion with CVC 40 (100.00%) 18 (45.00%) 22 (55%) — —
Internal jugular vein, n (%) 34 (85.00%) 12 (66.67%) 22 (100.00%) — 0.005
Femoral vein, n (%) 6 (15.00%) 6 (33.33%) 0 (0.00%) — 0.005
Duration of catheterization, days (mean = SD) 115.9+£157.42 91.83+161.71 135.59+151.00 0.861 0.395
ISD use, n (%) 22 (55.00%) 0 (0.00%) 22 (100.00%) — —
Duration from ISD use to catheter removal, 14.00+14.35 — 14.00+14.35 — —
days (mean+SD)
Suspected infection, n (%) 6 (15.00%) 4 (22.22%) 2 (9.09%) — 0.381
Antibiotic use, n (%) 26 (65.00%) 4 (22.22%) 22 (100.00%) — <0.001
Days hospitalized, days (IQR) 15 (3-59) 7 (3-29) 15.5 (13-59) 3.063 0.004
Laboratory parameters
WBC, (3.5-9.5) x10A9/L 8.57+3.94 7.06+2.07 9.81+4.63 2.273 0.029
NEU, (1.8-6.3) x10A9/L 6.14+3.20 4.75+1.86 7.28+3.60 2.633 0.012
RBC, Male (4.3-5.8) x10A9/L, Female (3.8-5.1) 3.61+0.75 3.39+0.71 3.80+0.74 1.729 0.092
X1079/L
PLT, (125-350) x10A9/L 215.23+63.81 220.39+67.20 211.00+60.57 0.452 0.654
HGB, Male (130-175) g/L, female (115-150) g/L 103.15£17.53 95+17.92 109.82+14.04 2.858 0.007
CRP, (0-6) mg/L 11.34+£21.66 16.08 £29.59 7.34+£9.62 1.179 0.247
Scr, Male (57-97) umol/L, female (41-81) 215.20+£134.95 — 215.20+£134.95 — —
umol/L
DGF 5 (12.50%) — 5 (22.73%) — —
Underlying diseases
Diabetes mellitus, n (%) 5 (12.50%) 1 (5.56%) 4 (18.18%) — 0.356
Chronic hepatitis/liver cirrhosis, n (%) 8 (20.00%) 4 (22.22%) 4 (18.18%) — 1.000
Hypertension, n (%) 30 (75.00%) 15 (83.33%) 15 (68.18%) — 0.465

*KT: kidney transplantation; BMI: Body Mass Index; CVC: Central venous catheter; SD: standard deviation; ISD: immunosuppressive drugs; IQR: interquartile
range; WBC: white blood cell; NEU: Neutrophils; WBC: red blood cell; PLT: platelet; HGB: hemoglobin; Scr: serum creatinine; CRP: C-reactive protein; DGF:
delayed graft function.

Figure 1. (A) Analysis workflow for the 206 total samples in the study. (B) The pie chart presents the proportion of bacteria, fungi and viruses after the
normalization of the microbial sequences of 206 samples. Phylum-level proportions were used to represent the distribution of bacteria and fungi,
family-level proportions were used to represent the distribution of viruses.

blood, catheter outlet skin swab, oropharyngeal swab, and mid-
section urine samples were 16 954.18+38 204.57,116.82+317.93,
75.55+193.13, 69 180.48+164 786.25, 390 619.69+523 535.78,
and 83 567.914+3 886, respectively. Significant differences were
observed in the bacterial reads between oropharynx swabs and

Overall, 1,545 bacteria, 226 fungi, and 57 viruses were identi-
fied. Figure 2 presents the phylogenetic composition, detection
frequency, and reads of the dominant bacterial species (relative
abundance >10%) in the six types of samples. The average
bacterial reads of catheter tip, catheter blood, peripheral
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Figure 2. Phylogenetic composition of the microbiota across six different sampling sites. The phylogenetic tree reveals the dominant species of each
sample type (relative abundance > 10%). Gram-negative bacteria are represented by circular lines, while gram-positive bacteria are represented by trian-
gular lines. The circles from the innermost to the outer represent samples represent the catheter tip, peripheral blood, catheter blood, oropharyngeal swab,
midstream urine, and catheter outlet skin swab, respectively. The colored squares indicate the detection frequency (A) and reads (B) of dominant bacterial

species in each sample type.

other types of samples (p < 0.001), while no statistically signifi-
cant differences between other sample types (p>0.050).
Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes
were the most frequently detected phyla, accounting for 96.18%
of all detected bacteria and 95.01% of all bacterial reads. At the
species level, the microbial detection frequency of the catheter
tip and catheter outlet skin swab samples were the highest,
with an average frequency of 116.88+138.51 and 75.76+134.01,
respectively. The microbial detection frequency of the catheter
blood and peripheral blood samples were the lowest, with an
average frequency of 3.27+2.96 and 4.38+5.09, respectively.
The average detection frequency in oropharyngeal swabs and
midstream urine samples were 4847+32.60 and 2539+
25.20, respectively. The bacterial detection frequency on the
catheter tip was significantly different from those in catheter
blood (p < 0.001), peripheral blood (p < 0.001), oropharyngeal
swab (p = 0.009), and midstream urine (p < 0.001). The bacterial
detection frequencies in the catheter outlet skin swab were sig-
nificantly different from those of catheter blood (p = 0.007) and
peripheral blood (p = 0.005). No statistically significant differ-
ences (p>0.050) were observed in the frequencies of bacterial
detection among the remaining samples. Except for the urine
samples, all other samples had high detection frequencies of
gram-negative bacteria (43.73%, 3 940/9 000).

Six patients were suspected of CRI after excluding other
sources of infection based on symptoms including recurrent
fever and skin redness around the catheter outlet. The cath-
eter tip samples from the suspected CRI group had more
dominant microorganisms than those from the asymptom-
atic group. Among the six patients with suspected CRI, three
had consistent high-abundance pathogens in the catheter
tip, catheter blood, and peripheral blood samples. One of
these patients was infected with Staphylococcus aureus,

while the other two were infected with Primate erythropar-
vovirus 1. The other three cases had high-abundance micro-
organisms in the catheter tip, including Pseudomonas
azotoformans, Cupriavidus pauculus, Corynebacterium tubercu-
lostearicum, and Escherichia coli.

3.3. Effect of immunosuppressants and antibiotics on
microbiota in the catheter tip

Overall, 1 298 bacteria, 194 fungi, and 24 viruses were
detected in the catheter tips. Proteobacteria, Actinobacteria,
Firmicutes, and Bacteroidetes were the most frequently
detected catheter tip organisms both in the pre- and
post-KTx groups, accounting for 97.30% (4 549/4 675) of the
total organisms detected. The majority of detected bacteria
were gram-negative bacteria (43.36%, 2 027/4 675). Eukaryota
was dominated by Ascomycota (65.51%, 397/606) (Figure 2).

In asymptomatic patients, the microbial reads of catheter
tips in the pre- (n=14) and post-KTx group (n=20) were 17
578.71£30 920.07 and 18 022.80+50 546.98 (p>0.050),
respectively  corresponding  to 100.14+93.15  and
104.45+116.54 Dbacterial strains, respectively (p>0.050
Enterobacter cloacae (9/14), Achromobacter xylosoxidans (9/14
Acinetobacter schindleri (9/14), Moraxella osloensis (8/14
Micrococcus luteus (8/14), Acinetobacter johnsonii (8/14),
Massilia timonae (8/14), Pseudomonas aeruginosa (8/14),
Brevundimonas diminuta (8/14), Acinetobacter baumannii
(8/14), Stenotrophomonas maltophilia (8/14), Acinetobacter pit-
tii (8/14), and Candida parapsilosis (8/14) were the most fre-
quently detected bacteria in the pre-KTx group. Enterobacter
cloacae (13/20), Ralstonia pickettii (13/20), Moraxella osloensis
(12/20), Micrococcus luteus (12/20), Acinetobacter johnsonii
(12/20), Brevibacterium casei (12/20), Kocuria palustris (12/20),

’

’

= = = =
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Acinetobacter junii (12/20), Malassezia restricta (12/20), and
Corynebacterium accolens (12/20) were the most frequently
detected bacteria in the post-KTx group. A total of 60 strains
of dominant bacteria were detected in the two groups, with
19 and 41 strains, respectively, and the majority were
gram-negative bacteria (55.00%, 33/60). High-frequency
(detection frequency > 50.00%) dominant bacteria detected
in the two groups included Micrococcus luteus, Brevibacterium
casei, Moraxella osloensis and Pseudomonas aeruginosa,
whereas their common dominant bacteria included
Acinetobacter indicus, Cupriavidus pauculus, Janibacter indicus,
Pseudomonas azotoformans and Staphylococcus capitis. In the
post-KTx group, patients were routinely treated with cefoper-
azone sodium sulbactam sodium, caspofungin, and metroni-
dazole for infection prophylaxis within 7days after KTx. The
coverage rate of their antibacterial spectrum against the
dominant catheter tip and blood bacteria was only 23.33%.
Moreover, microorganisms in the antibacterial spectrum were
still detected at the catheter tip, with an average abundance
of 18.08%. No statistically significant differences were observed
in microbial composition, alpha diversity, or beta diversity
between the pre- and post-KTx groups (p>0.050).

3.4. Microbiota composition in correlation to clinical
characteristics

Microbial analysis of the catheter tip revealed that the micro-
bial composition diversity was significantly higher in the dia-
betic group than in the non-diabetic group (p < 0.010).
Pseudomonas azotoformans, Corynebacterium tuberculosteari-
cum, and Escherichia coli strains were more abundant in the
diabetic group than those in the non-diabetic group (p =

0.037, p = 0.046, p = 0.012) (Figure 3(D)). The species compo-
sition, alpha diversity, and beta diversity of the catheter tip
microbiota had no significant correlation with underlying
diseases, including hepatitis B virus infection and hyperten-
sion. In the post-KTx group, serum creatinine negatively cor-
related with the relative abundance of Stenotrophomonas
maltophilia (R=-0.55, p = 0.027), and Ralstonia pickettii
(R=-0.52, p = 0.041); no significant correlation was observed
between delayed graft function and the species composition,
alpha diversity, and beta diversity of the catheter tip micro-
biota. In both the pre- and post-KTx groups, hemoglobin lev-
els negatively correlated with the relative abundance of
Stenotrophomonas maltophilia (R= —-0.58, p = 0.019) and
Ralstonia pickettii (R=—-0.52, p = 0.040); C-reactive protein lev-
els negatively correlated with the relative abundance of
Ralstonia pickettii (R=-0.51, p = 0.045); the duration of dialy-
sis catheter placement negatively correlated with the relative
abundance of Staphylococcus hominis (R=-0.66, p < 0.010);
hemoglobin levels positively correlated with the relative
abundance of Gordonia terrae (R=0.54, p = 0.030); and white
blood cell count negatively correlated with the relative abun-
dance of Gordonia terrae (R=-0.60, p = 0.015) (Figure 3(E)).

3.5. Characterization of microbiota in catheter tip from the
other samples

This study revealed the presence of colonization microor-
ganisms in deep-vein hemodialysis catheters of asymptom-
atic patients and characterized the catheter biofilm flora. To
explore the possible sources of microorganisms at the cath-
eter tip, a Bayesian Algorithm Traceability Analysis was used
to trace the source of the microorganisms detected from

Figure 3. Microbiota composition in correlation to clinical characteristics. Alpha diversity (A) and beta diversity (B) analysis results between the immuno-
suppressant/antibiotic-treated group and non-immunosuppressant/antibiotic-treated group. Alpha diversity (C) and analysis of species difference (D)
between the diabetes mellitus group and non-diabetes mellitus group. (E) Heat map representing the correlation between catheter tip microbiota and
clinical characteristics. The top 20 bacterial species with the highest relative abundance were displayed on the vertical axis, and correlation analysis was
conducted with clinical indicators on the horizontal axis. The gradient and similarity of colors reflect the differences and similarities in the composition of

multiple samples at various classification levels. *p <0.050, **p <0.010.



Figure 4. Tracing of microorganisms in catheter tip from the other samples.

the catheter outlet skin swabs, oropharyngeal swabs, cath-
eter blood, peripheral blood, and midstream urine samples,
with microorganisms at the catheter tip considered as the
target samples. Catheter outlet skin swabs were predicted
to be one of the main sources of microorganisms at the
catheter tip (32.51%), followed by occasional retention of
microorganisms in the peripheral (20.95%) and catheter
blood (6.64%) (Figure 4). Moreover, approximately 35.03%
of the microorganisms did not belong to any of these
sources.

4. Discussion

The incidence of CVC-related infections is much higher than
those of autogenous arteriovenous and artificial vascular fis-
tulas, and often causes catheter-related bacteremia, sepsis,
and severe migratory infections, including infective endocar-
ditis, osteomyelitis, joint abscess, and epidural abscess [16—
18]. Previous studies have suggested that biofilm growth on
indwelling catheters may be associated with the occurrence
and development of CRI [4]. In this study, asymptomatic
patients harbored abundant microorganisms, including dom-
inant species with biofilm-forming ability, which involves irre-
versible adherence of microorganisms to device surfaces,
followed by slow replication creating a self-sustaining bacte-
rial community protected by a self-produced extracellular
polysaccharide matrix [19, 20]. Examples of such organisms
include Micrococcus luteus, Pseudomonas aeruginosa, and
Stenotrophomonas maltophilia at the catheter tips [21-24].
Moreover, these microorganisms are difficult to detect using
traditional culture methods.

At present, the lack of a normal colonization microbial
database of hemodialysis catheters makes it difficult to rap-
idly and accurately distinguish between normal colonization
and infection, which is inconducive for clinical diagnosis [25-
27]. In this study, 80.00% of the participants were patients
during the perioperative period of KTx with no clinical
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infection symptoms, thus, the mNGS results would serve as a
suitable supplement to compensate for the lack of normal
colonization microbial database of hemodialysis catheters in
the KTx group [6]. In addition, a highly curated database is
necessary to reduce false negative or false positive results in
high-throughput sequencing. The data of this study help to
improve the diagnostic specificity of mNGS for hemodialysis
catheter samples. Our study revealed inter-species heteroge-
neity among catheter tip microbiota in a noninfectious state;
however, the community was relatively stable. The catheter
tip and lumen are non-sterile and harbor a stable biofilm
composed of microorganisms, which can originate from the
catheter outlet skin and peripheral blood and reach a stable
state, based on the patient’s physiological condition.

The inter-species heterogeneity of the catheter tip micro-
biota may be associated with the source of microorganisms
and the physiological conditions of the patients [6, 28]. To
identify the source of microorganisms at the catheter tip, we
collected samples from multiple sites including the catheter
outlet skin, oropharynx, and peripheral blood [6, 28]. The
results revealed that the catheter tip microbiota mainly orig-
inated from the catheter outlet skin, followed by those from
peripheral blood. Based on this conclusion and the high
cost of mNGS, we propose different sample retention pat-
terns for the KTx group carrying hemodialysis catheters
under different infection states, with a focus on preserving
the catheter tip, catheter outlet skin, and peripheral blood
samples. For groups without infection symptoms, the cathe-
ter tip and catheter outlet skin samples may be reserved for
DNA extraction. If unexplained clinical infection symptoms
occur early after catheter removal (within one month) and
clinical samples culture is negative, then the retained DNA
samples and corresponding clinical samples should be sent
for NGS, providing clues for identifying the infection-causing
pathogen and future course of treatment. For groups with
clinically suspected infection symptoms, the catheter tip,
catheter outlet skin and peripheral blood samples may be
reserved for DNA extraction. If effective antibiotic treatment
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can be discerned based on the traditional detection of the
catheter tip/peripheral blood, then the retained DNA sam-
ples need not be sent for NGS. Otherwise, reserved DNA
samples should be sent for NGS, to prevent compound or
notorious infections.

In this study, we collected hospital environmental samples
for NGS testing from 80.00% (32/40) of patients. The mNGS
results showed that there was no statistical difference in
microbial diversity among environmental samples from dif-
ferent patients, and there was no significant correlation with
the microbial composition of the catheter tip. Based on the
dynamic network of microbial dispersal and considering that
the hospital ward would undergo 12h of routine ultraviolet
disinfection before patient entry, we hypothesized that the
unknown source of catheter tip microbiota most likely origi-
nated from long-term residential community environments
(such as home and workplace) rather than short-term stay in
the ward environment [29]. After disseminating from the
public environment to the hosts’ skin, these microorganisms
may not adapt well to the skin environment and are not
established in microbial community networks. Thus after a
brief presence on the catheter outlet skin, they further
spread to the catheter tip and stably colonize at the catheter
tip. Moreover, the patient’s physiological state including age
and levels of fasting blood glucose, serum creatinine, hemo-
globin, and inflammatory responses (C-reactive protein), can
also affect colonization of the microbiota.

For noninfectious perioperative kidney transplant recipients
carrying hemodialysis CVC, KTx has no significant impact on
the stability of the microbial community on the hemodialysis
catheter tip. No significant differences were observed in the
composition and diversity of the microbial community at the
hemodialysis catheter tip between the pre- and post-KTx
groups under noninfectious states. Previous studies have
reported that in patients with normal allograft function (with-
out the need for resuming dialysis) post-surgery, the incidence
of CRIs in recipients undergoing maintenance immunosup-
pressive therapy is not higher than that in patients undergo-
ing hemodialysis before transplantation or after loss of kidney
graft function [5]. In this study, antibiotics, such as cefopera-
zone sodium sulbactam sodium, caspofungin, and metronida-
zole, at conventional therapeutic concentrations, did not
significantly affect the composition and diversity of catheter
tip microbiota, and a stable microbial community at the cath-
eter tip did not promote the development of CRI. Thus, the
catheter tip microbiota is in a relatively stable state, not easily
influenced by KT (p>0.050), which could reflect hematoge-
nous infection to some extent. Specifically, the long-term col-
onized microbiota at the catheter tip does not act as the
source of infection in all CRIs, while the detected dominant
species can be actual hematogenous pathogens that have
destroyed the stability of the normal catheter tip microbiota.

Our study had some limitations that warrant discussion.
Since all three positive traditional culture samples were from
the same patient, it is statistically impossible to conduct a
significance test on the correlation between the traditional
culture results and the abundance of mNGS strains.

Subsequent research with a larger sample size of the sus-
pected CRI group can be conducted to establish a direct cor-
relation test between the traditional culture results and the
abundance of mNGS strains. Meanwhile, insufficient sample
size in the diabetes group may have led to a conclusion bias
and limited analysis in this study. Follow-up studies with a
larger sample size of the diabetes group may elucidate the
effect of blood glucose concentration on the composition of
relevant microbiota in patients during the perioperative
period of KTx. Due to limitations of sample size and sam-
pling methods, the specific mechanisms of catheter tip bio-
film formation, further tracing of microbes of unknown
sources, and the predictive and monitoring value of biofilm
status for the occurrence and development of CRI were not
characterized in the study and need to be further explored.

In conclusion, to our knowledge, this is the first study to
investigate the hemodialysis catheter tip microbiota during
the perioperative period of KTx using mNGS. The mNGS
results would serve as a suitable supplement to compensate
for the deficiency of normal colonization microbial databases
for the hemodialysis catheter in the KTx group. This informa-
tion may provide new insights for preventing CRIs during the
perioperative period of KTx.
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