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ABSTRACT

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 diagnosis of CAPD peritonitis. Etiology of culture-negative CAPD peritonitis
can be better defined in NGS. Furthermore, it also helped the detection of anaerobic bacteria.

Keywords: Continuous ambulatory peritoneal dialysis, Next-generation sequencing,
Peritonitis, Rapid diagnosis, 16S rRNA gene
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INTRODUCTION
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I A7 GRS A-gohs iR o] AN QAT vl ko] 9I7HE(82.2%)0]] H]sH PCRE] HIZHE
(88.9%)= 2 207} gl A 22 HAEITH2]. 168 rRNASHITS A7 M D42 5741 4
0 2 Fo] o Alet-Z T o=t =)o HATE 35 A7IAF] 91A], 7], &1 54
ZF LR =7}t 52 ol Al 2] Y SHA| 59 Al o] QlTh3).

ZFA| Tl R A} A (next-generation sequencing, NGS)2] 572 A/d|= A FFolM e B
2 HEHE 71231 gtrha)] Ao LlollA] ek H¥sh= 7hde] Wl typing E FrAlUAdolut
B 5/dol A R 20l NGSE 0|83 4= L, v o] 7MTh2-& At e ZE o] 7hsst
[5]. A2 7HA] 31 e] Aol 2, Fol, 9 W ojat HAE o]t BaEo] JIA|TH6-8], H1HF
A Hof] -85t A= obA7EA] Glt. & Aol = BHEA o 2 HhAYSH Eubed Xtk NGS
2 A-gsto], o] o] WHd 3-8/ W7lsto], B4 #xte] 21 50] =-go] =11zt gt

o

MATERIALS AND METHODS
2018 49 B 7 BEFEA Buielo] ojAls o] BuFE Ao uoRS oJ2i3t £ 213S tho

o=
2 5lo], BAFA] Q1 R 1} 168 rRNA SRS F2] 0 2 3H=NGS A= H| 2513

o
o=l 50 mLE AN EYs] B HALS 2Tt BabAulo] F4tste] 37°C,

5% CO, HIF7 ]l 48417 B FEFRA AL, YA AR thioglycollateo]] 755t 15L7HA] Hi
FsteiTt. 7 ZAJ0] BAE| A9 2 voF 222 o] §5ho] MALDI Biotyper Systems (Bruker
Daltonik, Bremen, Germany) 22 573}t NGS £4-2 -70°Col| EH5IA T Buk=Adol ZAk
£ 0]-8-5} T} Fast DNA Spin Kit for Soil (MP Biomedicals™, Fountain Parkway, CA, USA)E- ©]-&
5lo] DNAS & &, Al 2AR] 2o w2} MiSeq (Tllumina, San Diego, CA, USA)E- ©]-8-51] 168
RNA F-4210] V3, V45 SZ51ITh AMA|SE I 2 EF-2 https:/support.illumina.com/documents/
documentation/chemistry documentation/16s/16s-metagenomic-library-prep-guide-15044223-b.pdfS &
115}9 T} Metagenomic #43-2 EzBioCloud 16s-based MTP (ChunLab, Inc, Seoul, Korea)S- ©]-8-5F
o] & (genus) TF2E 351U TE NGSE 0|88 75 &2 & (genus) FF 2= SIQICE A=
T = 95te] o unobch SAIT YA control S E3SHI A, BE ZIA datat 1l run TR AJSY
SF gDNA Mock V34 (1707_C)2+ MiSeq QC (1903 _C) ¥d control®] dataS- 7] principal coordinate
analysis= =510 run?+2] ¥ o](variation)”} &1-& 9| Wioll == &R15HAthFig. 1). HH-EA
Hukelo] HAYTL 168 rRNA 2 NGSA] microbiome®] T2t A3ko] Q=] Loti7| 9j5t0]
a-diversity S FAISHATE AR} F7] 52 A ESH] oldezte] 1 Fabdd] /-7, 59 &

T A& Al 2= 1027 2] E(clear up), HEHFA] 7HEE] A1 Bl 2] & 45 o] 22 ool
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RESULTS

Z 157 BetE Aol Aol A thdst Hlo] 16Sr RNA E2] NGSZ HEE 910 H, relative
abundance cut off 1%% 2151912 wf F2HEA] ol L microbiome 1-29 572 £(genus)©] HEE]
ACHFig. 2). 3712] ZA|(CAPD10, CAPD15, CAPD20)= low read count® #4184~ @113, 3712] 7
A|(CAPD09, CAPD11, CAPD13)= relative abundance 10%2 Z3}oh= 2-Al70] $ATH Table 1).

Table 1. The comparison of the two methods (culture versus NGS) for the diagnosis of CAPD peritonitis pathogens

Catheter Clearupon Relapse within

0, 7 1 hiotice™
No Culture NGS (> 10 % relative abundance) ~ Readcount Infection  Antibiotics —— 2 months
CAPDO1 Staphylococcus epidermidis Staphylococcus spp. (20.4 %) 14,841 yes cefazolin, yes yes no
tobramycin,
vancomycin
CAPDO02 Escherichia coli Escherichia spp. (99.8 %) 96,528 yes rifaximin, no yes yes
meropenem
CAPDO3 No growth Lactobacillus spp. (82.1 %) 86,053 no piperacillin- - - -
tazobactam
CAPD04 Serratia marcescens Serratia spp. (74.6 %) 59,609 yes vancomycin, no no yes
ceftazidime
CAPDOS Micrococcus spp. Kytococcus spp. (25.2 %) 13,260 yes cefazolin, no yes no
Lactobacillus spp. (19.2 %) ceftazidime
CAPDO6 No growth Enterobacteriaceae (11.9 %) 83,717 yes meropenem, no no no
Lactobacillus spp. (11.0 %) rifaximin
CAPDO7 Staphylococcus epidermidis Staphylococcus spp. (90.0 %) 44,704 yes cefazolin, no yes no
ceftazidime
CAPDO8 Esherichia. coli Escherichia spp. (21.4 %) 76,720 yes cefazolin, no yes no
Bacteroides spp. (19.9 %) ceftazidime
CAPD09 No growth No dominant organism 3,350 no no - - -
CAPDI0 Enterococcus faecalis Low read count - yes cefazolin, no no yes
ceftazidime
CAPDI1 Staphylococcus epidermidis No dominant organism 71,751 yes cefazolin, no no yes
ceftazidime
CAPDI12 Staphylococcus haemolyticus Bacteroides spp. (26.4 %) 74,491 yes cefazolin, no no no
Blautia spp. (12.3 %) ceftazidime
Collinsella spp. (10.5 %)
CAPDI13 No growth No dominant organism 58,772 no no - - -
CAPD14 No growth Prevotella spp. (15.2 %) 92,363 no no - - -
Streptococcus spp. (14.6 %)
CAPDI5 Streptococcus anginosus Low read count - yes cefazolin, no no no
ceftazidime
CAPDI16 Micrococcus spp. Streptococcus spp. (10.0 %) 47,182 yes vancomycin yes no no
CAPDI17 Bacillus spp. Prevotella spp. (13.3 %), 25,296 no no - - -
Streptococcus spp. (13.2 %),
Veillonella spp. (11.6 %)
CAPDI8 Burkholderia cepacia Bacteroides spp. (13.6 %) 4,174 yes cefazolin, yes no yes
ceftazidime
CAPDI19 Candida albicans, Enterococcus spp. (74.6 %) 85,431 yes piperacillin- yes no no
Enterococus avium tazobactam
CAPD20 Citrobacter:freundii Low read count - yes ceftazidime yes no no
CAPD21 Staphylococcus epidermidis Prevotella spp. (11.5 %) 2,800 yes cefazolin, no yes yes
ceftazidime
* Antibiotics for CAPD peritonitis treatment (a bold form is an effective agent); -, not determined
Abbreviation: NGS, next-generation sequencing; CAPD, continuous ambulatory peritoneal dialy
Annals of Clinical Microbiology 2020 March Vol.23(1) 4
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Z 16712 B P4 74 = 67H(CAPDO1, CAPD02, CAPD04, CAPD07, CAPDO08, CAPD19)
o] AAeA NGSE /3411 CAPD HigollA 2eH w59t 5L E(genus) o] 55 7
Z351Ith(Table 1). & 5719] BIY 24 A 5 NGSZ 37] HAllolA & & &4 e,
Lactobacillus spp. (CAPDO03, CAPDO06), Enterobacteriaceac (CAPDO06), Streptococcus spp. (CAPD14)
9 Prevotella spp. (CAPD14)E HZ5I3Ith vl S HA 5 570 ZAAolA NGS=Z & 713 Ml
S F7}2 7HE3519 =4, Bacteroides spp. (CAPD08, CAPD12, CAPD18), Blautia spp. (CAPD12),
Prevotella spp. (CAPD17, CAPD21) 2! Veillonella spp. (CAPD17)°] $1THTable 1).

A ol 2217 F 168 D727 2 H9EA (true peritonitis) 2 & HTHSH=T, ©]
% Stol(CAPDO6)H I 23 E9rd o] 31, NGSE Lactobacillus spp. 2} Enterobacteriaceae S 7
Z313le). 21/ B9 SAE-2 AAe A A58 UL, 0] F 52 catheterS A7 5HY
t}. 271 o] zHst 60dl(CAPDO2, CAPDO4, CAPD10, CAPD11, CAPD18, CAPD21)= A A
Zol| A A3t SubEAlol uljQFollA] 2| % Higfol|l A Ee]H 53t FUS 5 AWAESSHAT
(Table 1). 9427} Eulziedo] opd 710 2 wksed oL}, GAIA| S Eokst 5 S2HCAPDO3)Y=
AA| 2% L FE piperacillin-tazobactame FO{5 O L, Bl A7 S-S &l & FokS 5
ot

EOREA 50kod o] 2T} 16 Sr RNA 4] NGSA| microbiome®] T2t 1ko] Ql=A] Lof
H7] 9lsto] EA0] 7haRE 19 A2 a-diversity ko] AHd-2 ZAFSHATH Shannon (P=0.7668),
Simpson (P=0.3988), OTUs (P=0.9632), ACE (P=0.6131), Chaol(P=0.8899) -2 T}3t a-diversityA]
EE52 X B at /)] wheko 2 Zhefo] Q4| 7] ok 7439 Ttoll Bl gt A}, Wilcoxon
rank sum test Y5+ P ZH-S B> 0,05 0|4H0. 2 T 7hof| 2l 7} 9idTt

DISCUSSION
Herdo] Ak 71E o= Aot A3 dEE), HEA A W 50% o),
S 2ok WiE T B U oY E i 0] 3719) 240 F 271 o) E5] ARERITH9) &
TFA e} el AEE sl uide AAISHA oF 13%2 HiF 5401, 11%2 F 5 ol def o]
210 (polymicrobial), T Allato] 22| 73 Lo o] HHFE(534%)2 ARtk 2
17} SATH10). /A 2= Fapedo] ol s Hjgol %*é B A PeAE 2]
olg7] ulj2of] EA17} =™, mycobacteria, X+t 5-2] | & Alwt-50l o]t 74-9-7F ETth11].
82 w2 2 et Al Alele ofstod RE=A] B adh S AIFSIA, vl £

O)'
L
o
oglt
_Iol'
-
=
S
E

B Azbo] 23, 22 A SR, Al 47 oj He A 2 Ak b 7
oAt R R AHEE 717} ofick A1 37HA] NGSE B 83} AL 01E7P§0}%*J
2191 6|42 ZAtoll ALgSHEE ZE5HA QSR A el o] obal FulSo] A, A

Hal| 2 AAF @) ARRo] HE|sk AESHE ’\HDX']EOI'(blomfonnatics) 3ol HF SolgHo
2 gro 2 B4l n|4E ZARIToIN U] Bl e FHeks 59 2402 NGS
£ A}k 70| o o4k i njafe] o] ohick[12)

¢

A27HA AR NGSE 283 ol Al mt, 2 27do] oAlsl BtollA] &
So7he) 2. 740, 237He] OMIRE Y 2170 2, A1, 2 5 golat Aol
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A 16S-23S rRNA NGSZ ;‘—1%5}“5}[6 o] E110j 2J5}H NGSH ] 16S rRNA -8 2}2] PCR-
sequencing T} #-52] W o] o 29411, A8t Fouffo| A BAFH 02 HEE =
Rle-& Al&skal oA 575k, Xé g olat Ao A Bl & o WigstA A ’@J &
AATH6). 53] B F SAfoll A Il A& AE2 o FL3H|, NGSE ©]-&5to] 4
A| FHFE Ba7k2] 30A7F o] W2 7Fsotginh7]. Aot A stekate] ool NGSE Al
FYsto] BRlwt-& AET o= 123e] R SAte] o)X NGSE HETH Al
(dominant bacteria)®] EHuYF Aol A5t 7271 g oo, =k H27HY (catheter-
related bloodstream infection) 22} 27 oAl = T & F-0] HQlw-S ¥y 7Y o]dof njg] &St 4
AATHS]

Z|Zol= 16Sr RNA F-41AHTE T 0 2 NGSE A A= Zio] obyar Al W %—Zﬂé‘kh &

Bk AL 7 210 75 280 Huoieh AR ST, 55 41 ol
‘%‘%Aé, Ol 3F7A| WA T e AR 2712 ol % %1_ B
H 0jlof| NGSE ErF= A olloj| o] Thofal Al 7S 7
£ 3)4J5}7] ol ATh Lactobacillus 7} AEE 49 2 R
L. acidophilus, 2! L. thamnosus©]| 2|3 2u} =4 Hulejo] =27 B11E o] 9lol[14-17],
Lactobacillus spp.S ™ 1tol| A 23] vijAl|6}7]= ofsdth. Kytococeus, Blautia spp. 3 Collinsella
spp. B Bak= Hotedo] Bolfo|ake B a1 o}l gltt Kytococcus spp.= methicillin®]] U
€ Hol= 18 ‘—ﬂ"__i Genusl\/Iicrococcusoﬂ/H B3l FZo|m[18], I AT 2 A
| Q)A] Q|9 Blautia spp.= 44212] A metagenome Aol A B3] Halw= o2 Hy]
o] ITH19]. Collinsella spp.= LH microbiota® 2214 Q1TH20].

o2 ox

El ﬂHN‘

e,

N
oo

ox.

o

|

B QA B WA W14 A Bl S s 20 A
SHAL QUA| 2, 1 o]-F= BRpREA N2 AR 7} ot 74 Al Z ARHA] ok A
o2 AYzkst7| whio|ct. sk DP NGSZE W2 AAllAM A7) Alte A= 4 ‘%%HI,
Prevotella spp.U Veillonella spp.2] 783 /32 29] & whts}7] ol g3 X9k Bacteroides spp.”d

5495 3, of 0] 18 skl 27} 9lo] 9217l 1 5-90] Uk, 21.0] 1o
= B9k A Bxjoll 4 215 2HE BN S o) §5HA BAH Rl Blop 0 2 22w sk

© Bacteroides fiagilis group 5-2) 8714 |22 ®714 Bogoll 4 AZ 4 Ik 7 et

[23].

5012 49 L microbiomes] T}2F3] SJulo] chsll ok 474 el ki giler, 214 2ol
742 ol LA FA] W Alo] A E BukEA ol L microbiome©] TFF/d o] A 7}
57/30] =} ol A 2 Aol A ZF 159 a-diversityS H|ulsl] Bk wh, 5A1% 0 2 folsh
Holg Q18 4 QIgHor, 24 thaye] 474U A2 o) eelole yzkeint

¥ Q7 Bole A Bole) [IHE 919 NGSE HS 483 Aoleh ojel7} glon, 54
1 viogol 3l 165 RNA 22 NGS'= 8714 A2tk e 24 AReIA 2744e] Al %o
s AR AT 5 9lch
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Hi7: et FeEA teddE 7P S5 dSelH, EabA Rl A 2E flsiie dRlwe]
Al st EAo] Wiz ol AT 7| A GEAH(NGS)S 0|85 165 RNA SHAFE:

-1 O/ o
EHOR nYBE AET 4 Yt NF7H sh9) A7olH 2, B % B 5 Aol

0] F BT eiA AR HIFEALS ol 8 B ol X714 gick Aol
NGSE 0| 3310] 3154 Betelo] 1ol ol K5 Yolrych

R 2018\ 49 SHTH ERREA] Bulgjo] o x| o] HljoRE 223t F 217 2] SIS TR
/AR i 168 IRNA F-31AF 4] ZpA ] 7| M DAk 2] A3tE Bl wsiilt). /4]
QI B2 &S 2|97 A 77 52 A Esto] mpelsiitt.

Z3}: BakE Mol o] microbiome AT et S B, 1-29 9 genusZ 743

=ik 2] A7 F R o2 BA 731 187) AA 5 67 HAI(CAPDO1, CAPDO02,
CAPDO4, CAPD07, CAPD08, CAPD19)9] HollA] AEH w3t 5L S L(genus)S] w55 &I
sk 4= Q1ATh. 671 Aol A Bacteroidest Prevotella-2 714 ¥-E2S F712 AES 4 a1,
Al 22301 T 5734 3 3712) A (CAPDO6, CAPD14, CAPD17)°14 B a2] 754 o]

S Sl Al 71 BeA e 22 2839k 23,

16S rRNA 32 NGS+= @71/d Alete] AE2H il 24 AAolA B edwte] Zelof] 7449 &
25 E A Aoz 4=
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