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A b s t r a c t

Background: 16S rRNA gene-targeted next-generation sequencing (NGS) can detect 

microorganisms in a comprehensive reference database. To date, NGS has been 

successfully applied to samples such as urine, blood, and synovial fluid. However, 

there is no data for continuous ambulatory peritoneal dialysis (CAPD) fluid. The 

purpose of this study was to evaluate the clinical usefulness of microbiome analysis 

of CAPD fluids for the diagnosis of CAPD peritonitis. Methods: We included 21 

patients with high suspicion of CAPD peritonitis. Routine CAPD fluid culture was 

performed using a pellet of 50 mL CAPD fluid onto the chocolate and blood agar 

for two days, and thioglycollate broth for one week. 16S rRNA gene-targeted NGS 

of pellets, stored at -70°C was performed with MiSeq (Illumina, USA). Results: 

Many colonized or pathogenic bacteria were detected from CAPD fluids using NGS 

and the microbiomes were composed of 1 to 29 genera with a cut-off 1.0. Compared 

to the culture results, NGS detected the same pathogens in 6 of 18 valid results 

(three samples failed with low read count). Additionally, using NGS, anaerobes 

such as Bacteroides spp. and Prevotella spp. were detected in six patients. In two of 

five samples in which no bacterial growth was detected, possible pathogens were 

detected by NGS. Conclusion: To our knowledge, this is the first report about the 

application of 16S rRNA gene-targeted NGS for the diagnosis of CAPD peritonitis. 

The etiology of culture-negative CAPD peritonitis can be better defined in NGS. 

Furthermore, it also helped in the detection of anaerobic bacteria.
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1. Introduction

Peritoneal dialysis peritonitis is a major adverse 
event in patients undergoing peritoneal dialysis, and 
prompt diagnosis and appropriate treatment are crucial 
for the long-term success of peritoneal dialysis [1]. 
In microbiological laboratories, routine peritoneal 
dialysate culture methods such as centrifugation, 
leukolysis, and automated blood culture systems are 
used to increase the detection rate of pathogens, but the 
number of bacteria present in the peritoneal dialysate 
is often very low, and unculturable or recalcitrant 
organisms are often difficult to detect by routine culture 
methods, especially after antimicrobial therapy.

Recently, the application of polymerase chain 
reaction (PCR) and sequencing targeting 16S rRNA 
for bacterial detection and internal transcribed spacer 
(ITS) for fungal detection was introduced, but the 
sensitivity of PCR (88.9%) compared to culture (82.2%) 
was reported to be not significantly different [2]. 16S 
rRNA and ITS sequencing can help identify bacteria 
that are difficult to identify by conventional methods 
but have limitations such as the location and size of the 
amplified sequence and limited discriminatory power 
in strains with high genetic identity between strains [3].

 The advent of next-generation sequencing (NGS) 
has transformed the field of clinical microbiological 
testing [4]. NGS can be used for etiological typing 
of outbreaks of nosocomial infections and detection 
of genes associated with antimicrobial resistance or 
virulence and can detect bacteria that are difficult to 
culture [5]. Previous studies have used urine, blood, 
and orthopedic specimens [6-8], but no studies have 
applied NGS to peritoneal dialysis fluid. In this study, 
we applied NGS to the diagnosis of peritonitis caused 
by peritoneal dialysis and evaluated its diagnostic 
usefulness to improve the care of dialysis patients.

2. Materials and methods

A total of 21 patients with suspected peritoneal dialysis 
peritonitis who were referred for peritoneal dialysate 

culture in April 2018 were studied, and the results of 
conventional culture and NGS targeting the 16S rRNA 
gene were compared.

Needles obtained by centrifugation of 50 mL of 
peritoneal dialysate were streaked onto the chocolate 
and blood agar media and incubated for 48 hours in a 
37°C, 5% CO2 incubator, while the remaining needles 
were inoculated on thioglycollate and incubated 
for up to 1 week. If bacterial growth was observed, 
pure culture colonies were used for identification by 
MALDI Biotyper® Systems (BrukerDaltonik, Bremen, 
Germany). NGS analysis was performed using peritoneal 
dialysate needles stored at -70°C. DNA was extracted 
using the Fast DNA Spin Kit for Soil DNA Extraction 
(MP Biomedicals™, Fountain Parkway, CA, USA), and 
V3 and V4 of the 16S rRNA gene was amplified using 
MiSeq (Illumina, San Diego, CA, USA) according to 
the manufacturer’s instructions. The detailed protocol 
can be found at https://support.illumina.com/documents/ 
documentation/chemistry_documentation/16s/16s-
metagenomic-library-prep-guide-15044223-b.pdf. 
Metagenomic analysis was performed at the genus level 
using EzBioCloud 16S-based Microbiome Taxonomic 
Profiling (ChunLab Inc., Seoul, Korea). Species 
identification by NGS was performed at the genus level. 
For precision control, negative and positive controls 
were included in each run, and the data of all samples 
and the data of gDNA Mock V34 (1707_C) and MiSeq 
QC (1903_C) positive controls performed in each run 
were analyzed together by principal coordinate analysis 
to ensure that the variation between runs was within 
the acceptable range (Figure 1). To determine whether 
the occurrence of peritoneal dialysis peritonitis was 
associated with the diversity of the microbiome during 
16S rRNA-targeted NGS, α-diversity was analyzed. 
Electronic medical records were reviewed to identify 
clinical characteristics of the patients, including the 
presence of true peritoneal infection, final antimicrobial 
treatment for peritonitis, clear-up on day 10 of treatment, 
peritoneal dialysis catheter removal, and relapse with the 
same strain within 4 weeks of treatment.
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Figure 1. (A) Composition of gDNA Mock V34 (1707_C) and MiSeq QC (1903_C); (B) The principal coordinates analysis with CAPD 
fluid samples with QC controls in each run. Abbreviation: CAPD, continuous ambulatory peritoneal dialysis; QC, quality control; OTU, 
operational taxonomic unit

Figure 2. The microbiome of CAPD fluid with a 1% cut-off of relative abundance. *CAPD 10, 15, and 20 couldn’t be analyzed due to 
low read count. Abbreviation: CAPD, continuous ambulatory peritoneal dialysis.
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3. Results
A variety of bacteria were detected by 16S rRNA-
targeted NGS in a total of 15 peritoneal dialysate samples, 
and when analyzed with a relative abundance cut-off of 
1%, the microbiome in peritoneal dialysate contained 
1–29 different genera (Figure 2). Three samples 
(CAPD10, CAPD15, CAPD20) could not be analyzed 
due to low read counts, and three samples (CAPD09, 
CAPD11, CAPD13) had no dominant bacteria with 
relative abundance exceeding 10% (Table 1).

Six of the 16 culture-positive specimens (CAPD01, 
CAPD02, CAPD04, CAPD07, CAPD08, CAPD19) 
were detected by NGS as strains of the same genus 
as those isolated from routine CAPD cultures (Table 
1). Of the five culture-negative samples, NGS 
detected bacteria in three samples: Lactobacillus spp. 
(CAPD03, CAPD06), Enterobacteriaceae (CAPD06), 
Streptococcus spp. (CAPD14), and Prevotella spp. 
(CAPD14). Anaerobes were additionally detected 
by NGS in five of the culture-positive samples: 
Bacteroides spp. (CAPD08, CAPD12, CAPD18), 
Blautia spp. (CAPD12), Prevotella spp. (CAPD17, 
CAPD21), and Veillonella spp. (CAPD17) (Table 1).

Sixteen of the 21 patients in the study were judged 
by clinicians to have true peritonitis, with one case 
(CAPD06) having culture-negative peritonitis and 
detection of Lactobacillus spp. and Enterobacteriaceae 
by NGS. The patients with true peritonitis were 
treated with appropriate antimicrobials, and five 
of them had their catheters removed. In six cases 
(CAPD02, CAPD04, CAPD10, CAPD11, CAPD18, 
and CAPD21) that recurred within 2 months, peritoneal 
dialysate cultures performed at the time of recurrence 
re-detected the same organisms as those isolated in 
the initial culture (Table 1). One patient (CAPD03) 
received antibiotics for what the clinician believed to 
be a nonperitoneal infection but was given piperacillin-
tazobactam from the date of specimen collection and 
discontinued after the culture was negative.

To determine whether the occurrence of peritoneal 
dialysis peritonitis was associated with the diversity 

of the microbiome on 16S rRNA-targeted NGS, we 
examined the association with α-diversity of the 19 
samples available for analysis. Various α-diversity 
indices such as Shannon (P = 0.7668), Simpson (P 
= 0.3988), OTUs (P = 0.9632), ACE (P = 0.6131), 
and Chao1 (P = 0.8899) were compared between true 
peritonitis and clinically unsuspected infection, and the 
P-values performed by Wilcoxon signed-rank test were 
all > 0.05, indicating no difference between the two 
groups.

4. Discussion
At least two of three conditions are commonly used 
as diagnostic criteria for peritonitis: a suitable clinical 
presentation (abdominal pain), observation of more 
than 50% polymorphonuclear cells in the peritoneal 
dialysis fluid and leukocytes >100 μ/L, and a positive 
microbiological culture [9]. When cultures are performed 
to detect the etiological agent of peritonitis, it has been 
reported that approximately 13% of cases are culture-
negative, 11% are caused by two or more bacterial 
species (polymicrobial), and when a single bacterium is 
isolated, gram-positive bacteria account for the majority 
(53.4%) [10]. Clinically suspected peritonitis with a 
negative culture is problematic because it is difficult 
to determine the appropriate antibiotic, and is often 
caused by atypical organisms such as mycobacteria and 
fungi [11].

Microbiological cultures provide essential data 
for the selection of appropriate antimicrobials, but it is 
difficult to obtain satisfactory data due to the long time 
required for culturing, recent antimicrobial therapy, 
very low bacterial numbers, and poorly growing 
organisms. Until now, NGS has not been suitable 
for use in routine microbiological testing due to its 
high cost and difficulty, but with the development of 
more user-friendly instruments, lower testing costs, 
and the availability of easy-to-use commercialized 
bioinformatics tools, the use of NGS in routine 
microbiological testing practices for purposes such as 
identifying the pathogenic agents of infectious diseases 
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is no longer a distant prospect [12].
In an example of the application of NGS in clinical 

specimens, 16S–23S rRNA NGS was applied to 60 urine 
specimens from patients with suspected UTIs, 23 blood 
culture-positive diseases, and 21 orthopedic specimens 
such as tissues, body fluids, and joint fluid [6]. The report 
showed that the NGS method had better discrimination 
of strains than PCR sequencing of the 16S rRNA gene, 
rapid and accurate identification of pathogens commonly 
detected in urine and blood cultures, and more sensitive 
detection of pathogens in orthopedic specimens [6]. 
Rapid detection of pathogens, especially in patients with 
sepsis, is critical, and NGS enabled rapid detection from 
specimen preparation to reporting within 30 hours [7]. In 
a report of pathogen detection by NGS in the blood of 
pediatric immunocompromised patients, the dominant 
bacteria detected by NGS in the blood of 12 patients 
with bloodstream infections were consistent with blood 
culture results in 8 cases, and 2 patients with catheter-
related bloodstream infections, the pathogen of sepsis 
could be detected as early as 7 days before onset [8]. More 
recently, metagenomic analysis has been introduced, 
in which NGS is not only performed on 16S rRNA 
genes but all DNA present in the specimen, including 
the host, is analyzed by NGS [13]. Metagenomic 
analysis requires the application of an appropriate 
algorithm to remove background DNA and has the 
limitation that it is mainly applicable to sterile 
samples such as joint cavity fluid, but it has the 
advantage of obtaining additional information such 
as virulence factors and antimicrobial resistance in 
addition to strain information. In this study, NGS 
detected a wide variety of bacteria in peritoneal 
dialysis fluid, but some strains were difficult to 
interpret. If Lactobacillus spp. was detected, it 
was most likely a contaminant, but rare cases of 
peritoneal dialysis peritonitis caused by L. casei, L. 
paracasei, L. acidophilus, and L. rhamnosus have 
been reported [14-17], making it difficult to completely 

exclude Lactobacillus spp. as an etiological agent. 
Kytococcus spp., Blautia spp., and Collinsella spp. have 
all been reported as etiological agents of peritoneal 
dialysis peritonitis. Kytococcus spp. are gram-positive 
cocci that are resistant to methicillin and differentiated 
from the genus Micrococcus [18], and their role is not 
well understood, but Blautia spp. have been reported to 
be commonly isolated in gut metagenome analyses of 
normal individuals [19]. Collinsella spp. are known to be 
part of the gut microbiota [20].

Most laboratories do not use appropriate media 
and conditions for the detection of anaerobes in routine 
culture, as it is thought that peritoneal dialysis fluid is 
highly oxygenated and anaerobes do not grow well. 
However, NGS has been able to detect anaerobic bacteria 
in many samples, and while the clinical significance 
of Prevotella spp. and Veillonella spp. is difficult to 
determine, Bacteroides spp. is highly virulent, and there 
have been reports of causing peritonitis, making it a 
possible pathogenic agent [21,22]. In addition, there are 
reports that automated blood culture methods can detect 
anaerobic bacteria such as the Bacteroides fragilis group 
in peritoneal dialysis patients that were not detected by 
conventional culture methods [23].

The implications of the diversity of the microbiome 
in peritoneal dialysate are still unknown, but it is likely 
that in true infections, the microbiome in peritoneal 
dialysate will decrease in diversity due to the dominant 
proliferation of pathogenic bacteria and a decrease in 
commensal bacteria. Unfortunately, when comparing the 
α-diversity of each group in this study, no statistically 
significant differences were obtained, which may be due 
to the small number of subjects analyzed.

This study is the first application of NGS for 
the diagnosis of peritoneal dialysis peritonitis, and 
compared to conventional culture, 16S rRNA-targeted 
NGS was able to detect anaerobes and additional 
bacteria in culture-negative samples.
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