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Development of a chip digital PCR assay for detection of
Klebsiella pneumoniae

TAI Cui’, KUANG Dai, ZHANG Ping, XU Jie, ZHANG Wei, LUO Qian

State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong
University, Shanghai 200240, China

Abstract: [Background] Klebsiella pneumoniae is one of the major Gram-negative bacteria causing
iatrogenic infection. The available methods for the nucleic acid detection of this pathogen are
time-consuming and laborious and have low sensitivity and poor accuracy. [Objective] A chip digital
PCR-based method for K. pneumoniae detection was established. [Methods] Specific primers and
TagMan probe were designed according to the conserved sequence of the 16S rRNA gene of
K. pneumoniae. By comparison with the real-time fluorescence quantitative PCR, we determined the
detection range and optimal reaction conditions of the chip digital PCR, analyzed the specificity and
sensitivity of this method, and then applied this method to the detection of clinical isolates. [Results]
The chip digital PCR had the limit of detection up to 3.77 copies/uL and about 1.5 orders of magnitude
increase in sensitivity compared with real-time fluorescent quantitative PCR. The optimized chip digital
PCR showed the specificity consistent with that of real-time fluorescence quantitative PCR, with the
relative standard deviation (RSD) below 25%. Of the 28 clinical strains detected by the optimized chip
digital PCR method, 14 strains were identified as K. pneumoniae and 14 strains as other species, which
was also consistent with the results of real-time fluorescence quantitative PCR. [Conclusion] An
absolute quantitative method for nucleic acid detection of K. pneumoniae was established with the chip
digital PCR. This method, characterized by good specificity, high sensitivity, and high accuracy, is
suitable for nucleic acid detection and quantitative analysis of K. pneumoniae. Moreover, it provides a
new technical reference for molecular detection of other clinical pathogens.

Keywords: Klebsiella pneumoniae; chip digital PCR; absolute quantification; pathogen detection
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L1l EERLFFINER

PerfectStart™ II Probe qPCR SuperMix, dt
ARG EYHARABRA R ; PerfeCTa® qPCR
ToughMix UNG. 2R, URRE =4
PHECABRA T AR 4 DNA $2 B0 &,
RARARE LA R A 519t AR T AEY)
AR (i) B AT FRZS w5 0 PR 1 25000 388 i
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Table 1 Bacteria stains in the experiment

Species Strain Accession No. Note Amounts

Klebsiella pneumoniae HS11286 CP003200.1 Reference 2
RJF999 CP014010.1

Escherichia coli DH5a CP026085.1 Reference 1

Salmonella enterica ATCC 14028 CP034230.1 Reference 1

Acinetobacter baumannii ATCC 19606 CP045110.1 Reference 1

Pseudomonas aeruginosa PAOI AE004091.2 Reference 1

Staphylococcus aureus N315 BA000018.3 Reference 1

Klebsiella pneumoniae

KP21101, KP21102, KP21103, KP21104,

Clinical isolate 14

KP21105, KP21106, KP21107, KP21108,
KP21109, KP21110, KP21111, KP21112,

RJA166, RJF293

EC21301, EC21302

SE21401, SE21402, SE21403
AB21501, AB21502, AB21503
PA21601, PA21602, PA21603
SA21701, SA21702, SA21703

Escherichia coli
Salmonella enterica
Acinetobacter baumannii
Pseudomonas aeruginosa

Staphylococcus aureus

Clinical isolate
Clinical isolate
Clinical isolate

Clinical isolate

W W W W N

Clinical isolate

1.2 A&
1.2.1 EEFE4H DNA AIZEL

B2 TR AR RN 28 3 0 i 5 7 1) I DR 3 15 T
PR, 76 LB B AR b PR R VR R 2 LB W
KEEFREE, F 37 °C. 220 r/min &35 55 35347 -
U1 mL B, FEAE 2 AR SR U R 4] DNA,
1 ) R A PR A 1 A A UM B K 40 DNA £
W T R Al —20 °C {RAE% .
1.2.2 514, RE®ITRIFIE

I 26 1] [ 58 A ) $ R A7 B Hh 0 (National
Center for Biotechnology Information, NCBI,
https://www.ncbi.nlm.nih.gov) 7& £k 5| ¥ % i1 &
J¥ Primer-Blast X fifi %8 5 87 {1 i = % K K 4
HS11286 (GenBank % %55 CP003200.1)[%
16S rRNA JER GRS ETT514; A VI-V2
X 5%, V4-V5 X 4 X}, V5-V6 [X 3 Xf, 3EH
1o 7 BRSFREKI 2 IR EMAE
(HS11286, RIF999)Fl 5 kR HAh Ak (K ImIR 7
[CH DH50, FUGFEVDITIRE ATCC 14028, fif]

EORFIFIE ATCC 19606, 5l 4% B4 i 1% PAOL ,
SO ZIERE N31S), fik it sy, 4.
1.2.3 PCR fREMBIHIEFHEHRE

DLt 48 72 TR 1A HS11286 HENAAY 16S
rRNA LB, M5 V1-V2-5-Pf Fl
V1-V2-5-Pr (& ¥ 3k Hry R B, PCR Jx
MR Z : (20 puL): 2xTag Plus Master Mix 10 pL,
V1-V2-5-Pf (10 pumol/L) 0.6 pL, V1-V2-5-Pr
(10 umol/L) 0.6 uL., RNase-Free ddH,0 8.2 uL,
M DNA 0.6 uLoPCR 2 i 21 : 94 °C 5 min;
94°C30s, 62°C15s, 72°C 155, 3304
i35 72 °C 5 min; 4 °C {47 RIG¥ HH A
B 58Uk pUCST M AL b, fv s h
pUCS57-16S. HH TR LWy, ¢S5 %
TR A HS11286 9 16S rRNA I KA 1 7
G —EE A 100%, AF R 5206 AR o 5 R TR
fifi -

¥ pUCS7-16S Fn i it J5UH BB 4l K 017
10 FEHCBBEERGRE: BUK 18 uL A iR
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Table 2 Primer and probe sequences

Primer and probe Sequence (5'—3") Size (bp)
Forward primer: V1-V2-5-Pf CTCGGGTGACGAGCGG 16

Reverse primer: V1-V2-5-Pr TGAGCCGTTACCCCACCTAC 20

Probe: primer5-FAM-BHQI1 FAM-CATGCCATCAGATGTGCCCAGATG-BHQI1 24

2 uL, REJEH 2 uL &= 2 545 18 uL fyKH,
MR EHERG R o FF i G DA 1o VAR B2 s R 2 I
JE, HIRFRIC A S1 (pUCS57-16S F e il JFK) |
S2. S3. S4. S5. S6. S7. S8. S9. S10, 7
cdPCR Fil qPCR Jz v {4 2 Hh Jin A 2834 5 B
Fead oA, PEAS cdPCR 1 gPCR #6105 122 1
B, 3 IREE .
1.2.4 fREMZIISE . HNSE B R EHRAY
i E

435 il cdPCR FI qPCR W7 3 46 AS [
T B R B b M R AbR ME N 22, BN UR A
B 3 ., cdPCR W1k & (25 pL):
2xPerfeCTa” qPCR ToughMix UNG 12.5 pL,
V1-V2-5-Pf (10 umol/L) 2.5 pL, V1-V2-5-Pr
(10 umol/L) 2.5 uL, 2 ZEAER (1 pumol/L)
2.5 pL, primer5-FAM-BHQI1 (10 pmol/L) 0.625 uL,
RNase-Free ddH,0 2.375 uL, 4 DNA 2 L.
c¢dPCR Jz Wi %514 . Partition 40 °C; 95 °C 3 min;
95°C 15s, 60 °C 30s, It45 P fFEH. cdPCR
J i 45 o J5 F ] Crystal Miner for the Naica™
System #IFtras R, LhlbrERZk . qPCR
KWK Z (20 puL): 2xPerfectStart™ 11 Probe qPCR
SuperMix 10 pL, V1-V2-5-Pf (10 umol/L) 0.4 pL,
V1-V2-5-Pr (10 pmol/L) 0.4 pL, primer5-FAM-
BHQ!1 (10 pmol/L) 0.4 uL, RNase-Free ddH,O
7.8 uL, ik DNA 1 pL, qPCR W 414 : 94 °C
30s;94°C5s, 60 °C 30 s; 3t 45 PMEIR . qPCR
FIFH qTOWER®G Touch qPCR Soft 4.0 43 Hr &k 1

A PR E AR o 3 A bR v 2 G SR S B R
FERE S AE N I 22 SO0 S AL bR e, T L
VR 3 A A 0 9 T B A PR
1.2.5 THAEF PCR M FHRMHIL

cdPCR "3 [ N Ji5 I 45 2] ) 2 S i i 2 e
SE RN 5 2 ERR P A — AN R R P POk E S
1) R PCR ¥ B AR 2 UIAH G . PCR W AE
TCIEI O , HY AR 5P gk R
B BEN R E X R FPT, SR
pUCS7-16S FeAE W BEARUE 5L (ST SRR i) IR
HEAT BN AR R B PL Ak, 38 AR 5 v R
(0.7-1.3 pmol/L). R4 #JE(0.05-0.90 pmol/L)
ST UG 4 A IRAS . PO 5 iR EE LUt
cdPCR XFFRE S pUC57-16S H fi4 e 14 i g 4
A 25
1.2.6 HFFMXRE

PO R 8 A HS11286 . RIF999,
KP21112 K K354 % DHSa. 12 R
ATCC 19606, SZrEBMIE PAOL, 48 (A
AJBRTA N315 4 7 BRI A ZL N 41 DNA 535017
cdPCR Fil qPCR #tl, VAPLALJE (S0 55143
BT cdPCR A5 i 4 5 76 117 A1 118 A S 2k o
1.2.7 EEM. BEEXR

FHEACALIFAY cdPCR 75 %55 A [) s B e J3
PRUE R T 3 IREZ MR, 7F 25 pL ik
ZHHIA 2 uL FRifESh DNA VRN, gt
28 L A XA T I 22 (relative standard deviation,
RSDYKHIN ik B G M WE®E.
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Sl ARSI AR, FIOLAR ST S0 25 47F ) cdPCR
F1 QPCR PN 740 SHEA TR, DA A FH
X R, DA no template control (NTC) Ay BT HE
LA TEH cdPCR Jy A I R B RR 1 AT A T2 o
1.3 HEgit

KA R A4 (https://www.r-project.org/)
AT AR G2 M, T T 2 AR X Fr 1
254 ; (H ] Excel 2016 HEATHRME 28 22 1k 1]
53 #7; 1 qPCR Soft 4.0 % {41747 qPCR %L
Y543 M5 M8 Crystal Miner for the Naica ™
System F 4 #E4T cdPCR 45347 -

2 X504

2.1 PCR 3|¥)0Fik

HE 4 i 4% 5 7 H R 275 Wbk HS11286 1Y
16S rRNA JE K1) 2 B R~ IX S a] A48 X it
Y3t 12 X, PEGER 1 7 AN BERRQ BRI R TR
DA 5 BRIEAD B R 1E 0 25 Tk ik 1 115

1.2.8

30000 .+
25000 |

20 000

Amplitude

15000

10 000

Y. ERFEW, 519 V1-V2-5-Pf il V1-V2-5-Pr
Xof il 48 52 TR AR B HS11286 . RIF999 4 S —
Porg, Mkt 5 BRI R I 1S, AT ILILE 1
Xof il 98 va B A R A R S T, BT DA B B
YIXVE IR SE S 51 W1 (3R 2), 0 51 Y T
R Be R/ 181 bp,

22 HRREFE PCR BIHNEE R 8
4 SL I8

g3 0 DA 45 v BE B BE RS 04 A ME i Dk A8
WM BRI IIREAR T & 3 Wk, i Ay
Bl SR SR(E 1), S4 KM EEHE R
207 104.6 copies/uL i, BHPEGR# (26 153 1)
A7 T (26 157 MY 99.9%, BHMEMIRE S
O A, DO FE R TR 10 B DNA
AR AN, JLF-TC B PE GO o f0i o3 A AN s A2
THRA A B, 4 S et 2 LS (B, Al
DNA W H T cdPCR BYRITEE, A ULtk
WeEABE T cdPCR i, Frld S1-S4 My
AN s AR S10 FESD 3 YR 45 S 25 vk
F£°4 0.98 copies/uL, {HH FHEMUREWAL, BT

B,

S‘4 SIS Slé
& 1
NTC: FHPEXT R

Figure 1

S7

S10  NTC

S8

SHRRAEF PCR MARHREMERRGEMNRLER WO ARG, K. AR,

Sensitivity of the cdPCR for the pUC57-16S rRNA gene DNA with different dilution ratios. Blue:

Positive droplets; Gray: Negative droplets; NTC: No template control.
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DU AR T IR R R A S vl e, A R ek
FHF cdPCR & m AP TE LS A HER I T BE,
I, cdPCR Ff i J5 SERTIE BBl £ S5-S9 HEAE
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BAASAE Al AR B O BSOS I v
M — R, AT R 58 B 0 A~ 21
M 12 000 B, RS> T B9 A BN AT &
TR A IR BR, RGEA BEA X 43 B PE A BH 1
MR B, TN E M2 SR A S w50,
AHWFFE A cdPCR S W 43 BT 1A R0 4
BIRT 12000, RIARMTELTA cdPCR S
AR OE R, AR RO BT R, PRIE T S 2
SR AT TR

M cdPCR MIHRHEM (B 2A) AT LIE Y, S4
FEGH PR 25 R E 2 T b i 2 i A
B, XSHTER RS 8T e
cdPCR X} S9-S10 ¥ &t i Fil Y A A I B, K S9
YE BN DNA BRFRE, 2 cdPCR Xt
ARSI FRUE S pUCS7-16S A 5 F B RE S 1 46 1
T FITE S5-S9-8 (S9 “FhnifEdh 8 5k )Z [l
Xk e B Y L A 3.37-88 887.30 copies/ul, Fr

>

S4 S5

. 6
.
“. ST
.

y=—0.944 4x+8.869 5 ""-z.,SS
2
R=0.994 8 .89

®

Copy number measured
by dPCR (lg)
S = N W A~

(e

2 4 6 8 10
Dilution ratio of DNA template (Ig)

B2 puUCs57-16S By NEF PCR (A)FARK A E

& PCR (B)BYkRriER 2

HEMZRI R 0.994 8, HA BIFMLIEXR,
A HH FR A 3.37 copies/uL . 7348, %+ c¢dPCR,
M DNA % AL T 2 000-3 000 copies/uL A,
AR, X — s e ek o Bk
WA, B Je SL LA S AR R IE ] S7 S
(2 172.3 copies/pL).
23 RNAEE PCR HIEHSERE R 801
M

R T IPAl cdPCR AN 7 32 (1) 22 B0 R e
JE, W qPCR Tk T AL XIT qPCR i
SR, WU CAHTE 15-34 Z [ 25
FE A HERG . M qPCR Fp i pZE AN C B AT LA
E (& 2B), S8 SHEMIY C BN 32.56, #% S8
SRR SRR AR A R R, KB CES S9
SHEM(G5.42) LR EE R, HHHE qPCR Xf
AR SLIGHRE S pUCS57-16S BRI TE FEl E S3-S8
FESLZ ], R 0.994 2, B BIFMLIE LR,
B ARAS HBR A 194.9 copies/uL (S8 SHEA). S9
eSS C M RT 35, Mg Re g T
PRt & oA Y, X S9-S10 # 4 ik
FERGI . A, 3T qPCR, MHEGIE S50 5 K

B 40,
1=3.148 9x+9.938 5 9
350 e 09942 5 ¢
I =0. 87,
30 Goset
25|
) o 3
U 20+ S3 e
| 52 e
15T,
10
5_
0 N N " " N " " N N
0 1 2 3 4 5 6 71 8 9

Dilution ratio of DNA template (Ig)

Pl 2B A [R) s B A7 Kb o

ERASIMEY CofE: S1: 9.84; S2: 12.89; S3: 16.21; S4: 19.74; S5: 22.34; S6: 25.69; S7: 28.11;

S8: 32.56; S9: 35.42

Figure 2 Standard curves of the cdPCR (A) and the qPCR (B) for the pUC57-16S rRNA gene DNA. C;
value of standards with different dilution ratios (2B): S1: 9.84; S2: 12.89; S3: 16.21; S4: 19.74; S5: 22.34; S6:

25.69; S7: 28.11; S8: 32.56; S9: 35.42.
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24 SHHAEEFE PCR RNEIFRBML

N SE cdPCR e R MR R, 43 HlEH T
0.7-1.3 pmol/L 5 #J¥E & . 0.05-0.90 pmol/L 4%t
WIEIE T S5 R, WSR-S BRI
PHMEROE kR, Y5 EN 1.0 pmol/L
(I 3A). BREFHKE A 0.9 umol/L (K 3B}, 2
V7 14 5 s i B e 5k L B i Gl 2, ) R IS 2 7o
T O €8) 2Z 1815 R B 22 S e K

e 4 R, 2l ey cdPCR 1A 2 X 52

25000}

20000 |

Amplitude

15000

10000 55 5T

N"lI“C 0:7 0.I8 0:9 1.I0 1..1 1..2 1:3
Primer concentration (umol/L)

B3 TRAHFPCRMUER

FIVESL 3 NTC: BHEXTHE

EbRE S pUCST-16S HAR HBIRIP HE45 R 1
B, A BT G 20 AR R 1 BRI OO ) B S8 4
PR, PORPGIORT > IR RO, R B E, M
H Rl R B R A H B, DB SO A &
FFXT cdPCR X i 48 5 87 1 7 DNA SE fit 43 2 i
B0 o LA AR BE SR E , #ie
T cdPCR fefE R WA Z (25 puL): 2xPerfeCTa®
gPCR ToughMix UNG 12.5 puL, V1-V2-5-Pf
(10 pmol/L) 2.5 puL, V1-V2-5-Pr (10 pmol/L)
2.5 pL, ZEEMER( pmol/L) 2.5 pL, primer5-
FAM-BHQI1 (10 pmol/L) 2.25 uL, RNase-Free
ddH,0 0.75 pL, ## DNA 2 pL. ffE &
4. Partition 40 °C; 95 °C 3 min; 95 °C 15 s,
60 °C 30's, #t: 45 MFH,
25 SHRIAEFE PCR WX THEAEH
FRMRE

KA VAR, i2H cdPCR 43 3%t
3 BT 2 75 3 1A # (HS 11286 . RIF999 . KP21112)
4 BRI AR CR AR A A DHSa, fif12 A 5)
FFIE ATCC19606. 4% EHMIE PAOL. 4%
B A BR A N315)IWIE R4 DNA #E17A0, 15

NTC0.05 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09
Probe concentration (umol/L)

A SIYREEAL s B: SREPMREEICIL; WA BHYERGR; KA.

Figure 3 Optimization of the cdPCR. A: Optimization of the primer concentration; B: Optimization of the
probe concentration; Blue: Positive droplets; Gray: Negative droplets; NTC: No template control.
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Figure 4 Optimization of the cdPCR results for the pUC57-16S rRNA gene DNA. Blue: Positive droplets;

Gray: Negative droplets.
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Figure 5 Specificity assay of the cdPCR for the different reference strains. Blue: Positive droplets; Gray:

Negative droplets; NTC: No template control.
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Table 3  Specificity assay of the cdPCR and qPCR for the different reference strains

cdPCR qPCR

Strains Number of droplets Number of positive droplets Results C, value Results
S7 20 295 1103 + 17.12 (S4) +
HS11286 25814 8 049 + 26.47 +
RJF999 27 067 6735 + 26.73 +
KP21112 27 736 24 621 + 25.67 +
DH5a 27 153 17 - 34.70 -
ATCC 19606 25738 17 - 35.02 -
PAO1 26 430 13 - 35.07 -
N315 26 046 16 - 34.02 -
NTC 25914 19 - No C; -
TE: 40 KIEERNIER e AT s — AR AR R s A ; NTC: FATEXS IR

Note: +: Klebsiella pneumoniae; —: Non-Klebsiella pneumoniae; NTC: No template control.

A 5-8 AR B RGR ELS NTC A1 L IF:
RIKF] 3 AELL b A, A TR cdPCR FE5 1

HEATIEAL , il qPCR JrikBiE, Mg
MZER—EGR 3), WM cdPCR J7ik i ve
B AT Y A S PR A A R
26 HHIAHF PCR WHAREHE
EEMMBEE SN

P 6 AR B &L DNA (S5-S9-8) W
Bk, PPAL cdPCR A5 LB M, 6 ZHAR
B A AH X A 1 i 22 (relative standard deviation,
RSD) N 2.00%-23.17%, At 25% (& 6),
FEEHCT PCR S HUE 2 Flr il S35 2 A fe
{FCBR B A% 7 (minimum information for publication
of quantitative digital PCR experiments, MIQE)
E - S N D S 7B Vi b 7 e ¢ X ol i
PRl N S AR R R . EE A R

MIE 6 B T LI i, BEH DNA B 1)
14/ (S9-8-S7), MIE L5 R RSD BHFFEAR, #5
TG s (ERR AR MR B R N B — RE{HL(ST)
J&, BE#E DNA B RIIEIN(S7-S5), RSD
BT O R R . 2 DNA Btk i
1 2 201 copies/uL (S7)BF, =455 A9 RSD N

2.00%, W2 7 A B B e e o MIX NS5 R
X S HTHENS ST S HE A B AR R B R TR
LA 25 Rt —3, Bk, RA cdPCR X
55 AR SL IR 20 DNA JEF 748 %) 5 B i, A5
M e BEFE HI7E 2 000-3 000 copies/uL =2 [a] A {4
1IE cdPCR W5 45 SR ARG 25 BE S0 . VR BE S i o
2.7 BHEREFE PCR Xl K E #k B9
FIH cdPCR fLAk S5 14 %F 28 FRIIfG IR B bk 2
FFRG , 7 BHAE X BR (pUCS7-16S ArifEdh 7 S4E
m)FIATEXT BE(NTC), Kz REs, F 14 ¥

257 S9-8
201

4 5 6 7 8 9
Dilution ratio of DNA template (lg)

6 TEHBRFHRERPOTRABFPCRE
REVFEE E DT

Figure 6 Precision of the cdPCR for the
pUCS57-16S rRNA gene DNA with different dilution
ratios.
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PRI SE A A, 14 BRI R, X4

ME5RE qPCR K IME R — (G 4), W&

DEALH cdPCR T332 X5t i 48 5 T AF1 TR R A9 4G 2
HERR AT AR Y o

3 WwEE#
Jili 8 e B A0 A A5 D R T 1 A e A

F4 DHRAEF PCRFAKNAE

I 2 AR 2 6 it PCR AR N I 7 . 8 Tk 25
Il REEASDEA TAGIN, {H qPCR i RAFFER: £ Bl
A, IR RGBT B R
LB R, U R 2 %w&@m (]
H A2 bR 2ok AT A i, S8
i@ﬁﬁﬁﬂﬁk@ﬂo%%ﬁimm&*%
PR, ks B — g R b AT A1 2 i

B AR B A6 45

Table 4 The results of the cdPCR and qPCR for the dlfferent clinical 1solate strains

cdPCR qPCR

No. Strains Number of droplets Number of positive droplets  Results C, value Results
1 S7 27 483 2777 + 19.85 (S4) +
2 KP21101 24 803 23 658 + 24.16 +
3 KP21102 26 662 25813 + 24.18 +
4 KP21103 27 410 1357 + 24.50 +
5 KP21104 27 048 2275 + 22.46 +
6 KP21105 25993 912 + 21.77 +
7 KP21106 27 440 11 184 + 23.35 +
8 KP21107 26 865 18 833 + 26.10 +
9 KP21108 26 892 293 + 22.25 +
10 KP21109 28 143 188 + 21.74 +
11 KP21110 26 762 6 905 + 22.51 +
12 KP21111 27221 1538 + 20.47 +
13 KP21112 27736 24 632 + 25.67 +
14 RJA166 27 823 16 953 + 23.96 +
15 RJIF293 26 808 8254 + 25.42 +
16 EC21301 27 805 16 - 34.01 -
17 EC21302 26 620 15 - 34.70 -
18 SE21401 27294 22 - 35.39 -
19 SE21402 27016 27 - 35.47 -
20 SE21403 27 543 33 - 34.43 -
21 AB21501 24 607 13 - 35.83 -
22 AB21502 28 956 - 35.61 -
23 AB21503 28 018 - 35.02 -
24 PA21601 27 407 15 - 35.70 -
25 PA21602 26 491 17 - 35.01 -
26 PA21603 28 209 13 - 34.71 -
27 SA21701 26 330 9 - 36.65 -
28 SA21702 27 458 11 - 35.84 -
29 SA21703 27 525 9 - 35.32 -
30 NTC 27 607 12 - No C, -
TE: 40 KNSRI R e AT — A AR R s AR ; NTC: FATEXS IR

Note: +: Klebsiella pneumoniae; —: Non-Klebsiella pneumoniae; NTC: No template control.
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ADNA #EAT T iR 2 52, White TIT %55 — K
FIF dPCR XF GBV-C RNA W8T T 4 %1 5E
i, WSk dPCR MRS H BR7E B KR 3-10 4>
B A>T, FW] dPCR ZEARHK B AOFEA AT 7R
P00 2016 4E, Yan 25X H7TNO B YL Y
W NFESLREL 10 ARG T BB FEAR E 17
A, EFXT qPCR AN A BAYE IAEAS, dPCR
ATHRS I 5 HE A A AE , ] dPCR 7E € f& HTN9
5 5 AR T A R AEE L qPCR BB A
UM R U807 PCR i, ARIEA 48 v & 1A
P 16S rRNA BLRORSF 7 93T 5 9 Je
TREL, L LA BN S5 T I DR TR R A T R
U = VAN S DO N [ B R BRIy i 6 2
PCR il 777 o

SUAZTR RN R BUE T =, AWFFEE cdPCR
XoF A S A R ) e LA R BR Sy 3.77 copies/uL,
LA ) 45 S 55 A Bt 5 A A I 45 2 E B
TNy Ik R A5 el Y 7R 3t J8ei 75 A 20 PCR RGN 7
Pk R A 3.77 copies/uL! s 2 43550 I i R
HEMECF PCR Jr B> 3.02 copies/uL;
A1 SRR BE BRI R BCE PCR K R
2.692 copies/uL®" . qPCR ) & K & H BR K
194.9 copies/uL, TJ UL cdPCR #{ll R &8 H
qPCR K2y 1.5 MRS, FIt, X PRk
JEE A it B R 0 8 3 TR O A I, cdPCR
SNAER AT RS, HAA R A

SRR VLKA , B4R cdPCR Mk H
BETEAIG, {H RS (ARG A £k M DR, cdPCR
5 qPCR MHILATA AR . WA ATLIE
cdPCR ML HTE ] LR K BRI E] S5 4% i,

H T S4 S 5 N VR BE Ry , S B0 43 A1 AN
JEVARA G A R, A A O S LA,
I S1-S4 SAE AR oA ; 1 qPCR HA
KGRI FR (AT R S3 SREAY), T LLAESEBR
Bt I3 B P A IR A G, AR B IR
ROR S GT

AL BRAG IR S PEM &, ¢dPCR FI gPCR
XoF Il PR PR ARG I 45 RO 0 ] B 22 S, 10T
cdPCR HA I R B RRAS DU 1) 107 P 77 o

gi bR, AHEST L T ORI 4 e A
RS B B0 PCR 7, IR O0AL Tl 25 44,
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