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Establishment of a multiplex PCR system for rapid detection of sepsis
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[ Abstract] Objective : To establish a detection system based on multiple real-time fluorescence quantitative polymerase chain reaction
(multiplex PCR) technique to rapidly and specifically detect pathogens in the blood of sepsis patients. Methods : The main strains of
pathogens isolated from blood samples were analyzed, and the spectrum of pathogens specific to sepsis was drawn. Specific primers
were designed according to the sequences of the conserved regions to construct a multiplex PCR detection reaction system. Blood
samples of 79 sepsis patients were collected , and 40 health subjects were included as negative and health controls during the same pe-
riod. Then they were identified by the established detection system, and the blood culture method was compared. Results : The detection
time was shortened to 3 hours by multiplex PCR, which was 1/16 of blood culture. Compared with blood culture, the coincidence rate of
multiplex PCR for target pathogen samples was 88%(22/25) , the coincidence rate of negative samples was 100%(20/20) , and the total
coincidence rate was 94%. There was no significant difference between the two methods in the detection of target pathogens (P=0.250)
with good consistency (Kappa=0.867, P<0.05). The detection rates of multiple PCR method and blood culture method for clinically di-
agnosed sepsis samples were 23.0%(17/74) and 14.9% (11/74) , respectively. The detection rates of the two methods were statistically
significant(P=0.031). Conclusion : Multiplex PCR method can provide a reliable basis for earlier diagnosis and treatment to sepsis pa-
tients. Compared with “gold standard” blood culture method , the multiplex PCR detection system constructed in the project has shorter
detection time, better coincidence rate and higher detection rate , which can provide reliable evidence for the early diagnosis and treat-
ment of sepsis patients.
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) ,95CEMS s(1 M), 60°CIE JHE i 34 s (45 A1
), 2945 min, ¥ HIZE RS FAM . VIC . ROX G 18 43 e B sz
B IR EE e . AT B A il 8 e 3~15 47
FEAEIE S HOAR AR 22 10 1045 , 15 2095 S A= M Al CT (..
1.3.6 A PCR VKR MES.  FEE S WZ T PCR R
R ZR IR T, TOEEACK S B AR TN ZE 15 wL, A S LR
B, HLAY I R 5 22 5 PCR W AR &R 2940 ] -

1.4 RHBE Ao b M m]

141 REFERKI 17 B B AR R & R R
TSI R T AN R R R, T T RO R B



— 984 —

BRERKZZR 2022 £ 47 55 8 H3 (Journal of Chongging Medical University 2022.Vol.47 No.§ )

%38 % 10* CFU/mL.10> CFU/mL. 10 CFU/mL.1 CFU/mL.0.1
CFU/mL A1 0.01 CFU/mL , 32HX DNA BT , #E47 PCR A , AR
P AR PG e B85 0 o 25 I oo AT 1) R A

142 FESPERI K 17 o R B B AR A IR A HE I DNA
P AR, P2 B BT 883 A BRI 19 5 19, 9647 PCR 3™
B K BRI R A TR AR BRI [ B 5 | A by B X
MR S FRERS 2 AL 1 Hh 4, 56 UE B R R B | AR ET 1)
FESEE

1.5 U6 AR A M B rb AR

151 —EkEgs WIS RERE , LR 3745
9 F AR B REAS (FHAPEREAS ) 25 151, [ 30 fil e (A A R A
CRHPEREA) 2061 o LAILRE F5 4600 45 50 0 2 HeAr e, 2 &
PCR J A 25X MR AE AR SEA TR, A Bk il 45 5%, e &2
T PCR YA H bR T B 6 I 205 5 1) — 350k

152 K HRIE IR RIS W ok i A R AR (P RE
A) 54451, [ At SR ARG A REAR (FHMEREA) 20661, LI IR 2
Wi 50 2 HeAR i, 35 771k ) 2 8 PCRZEFATALI , L4
2 B 7 3 A I e 7 S TP AR AR T o I AR AR A
A 1R .

JEYEBRE ALY B AT AR
AR AT

SOFA =24}

—EMELLEL: K2 KA GRS
JHeREAE FLIf B IR 45 5 H EEREREASAD], Mm%
PR IR AR A 250, 2T 5 Z mPCRIL AT Il
PCRIEAGINIF HeAE IF AL

B AR GNRRE

1.6 %eitFase

K JH SPSS 23.0 J A A TR AL B, 2% S 43 R T 241
ST FEAS Cruskal-Wallis BRAUR S, FOX FEAR 7R 55, A 9
IKHUE@=0.05, 4581 —Bt: 53 Hr 2k H] Kappa {8, Kappa=0.75
h—EE R AF, 0.4<Kappa<0.75 —FE—K, Kappa<0.4 A
— PR 2E

2 # B

2.1 MRFIE SRR SR A B 3 64 2

A3 BT 2019 4F % 2021 4E CHINET 45 H 4 = 94 15 b J2 & K
rPC BE B LR AR 20 2 T R BT AP 43 Al o CHINET IV b
ARGy BT ORNALHE BB ) B B KM 3545 T il 46 50 2R AT
T R AR | 4 o (O TR AR TR S AN TR, AR ISR A A
FEAKHHARL, 3 0L 2, J K APl 5 5 2019 45 22 2021 4R 3646
HR I3 3R BHPE B BR 1925 Bk, 0LV BR AR 4375 B AT 20 P J5 BT

F2 T B O AR L AE R 1 A 1 (38.96% ) il 4% v A1 I
(14.7%) A IHAT R (4.16%) 4 05 (L T BR 1 (3.74%) 4
HrP T (5 1.93%, VR ULIEN 3¢ 2 Bl R A AH G SRS
S EMe FE Y AN 5 PR 2 R 3 0 A B AL o T TR R
R, (22 TR I 0 B I A 2 5 3R B B [ 4
FEUMHE N, BB AR AR 28 20, e &t 2l AT 5
i A 03 V0388, JIT 425 T A0 i e 2 400 L i o ) I g D i
5 M0V B BR A VB 27 ZE AR B AP S M ERTA B = AS S AT
B K3 T R SRR S BT B S B BR B MG 55 FUUAT BT il
He LB AFFE L CUSERTA G I 22 I BE B I R T
S0 R BR AT A B AT B 30TV AR T L A B € A R T
A AR AT
25.00%

20.00%

3 15.00%
EE 10.00%
5.00%
0.00% oy
& SRR IS R S S8
T SRS j‘@%’“ R R
e 20 | A e 20204;— 20214

2 20194 Z 2021 £ CHINET =& ER M EIFANZHE
FEFERWSHE

80088908
e 68%

%0.8
AN ) |~ _~0.68%

s KIRAE RS  BVAMATE w0 AR w 8 22 PAAT B

= B NG RT R o AHIATERIY  w RICHATERT m R ERIA w2 A
w PR w A IUATE oA - AR B REEER
eS| w I} FC R RRAT 1 VILZZERE T P SR ® A fiE BR AT

E3 2019F %2021 FEXPLERMNBREASBEREEZERMWIH

22 fw3FIRAE N6 R 4R R A b 3 IR LA ) R e AT A
K iR

GETT o3BT ML BG SR I RS W 4 R 9 4 X R ] 4 T
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1355 35 2H R PRIZ W 20 45 AR BR KO- M) 25 B S B et
R (P>0.05) , BAREHRTE LR 1 KI5 4,



BERERKFZR 2022 £55 47 £5 8 #8 (Journal of Chongging Medical University 2022.Vol.47 No.8 ) — 985 —

F MRS GRS B M R 4 B SRR Ak LB IM( P, P ]

R MR AR MFEFRA (D) I PRIZ 2 (D) BF % B 2 (D) Siita PAH
PCT/(ng-mL™") 15.90(1.88,53.56) 12.45(1.05,42.81) 0.02(0.01,0.03) D-2:-0.34 1.000
D-3:5.45 <0.001
@-3:6.63 <0.001
CRP/(mg-L™) 109.25(26.08,191.95) 136.00(50.35,183.90) 3.40(1.80,6.20) D-©:-0.19 1.000
DO-3:4.68 <0.001
2-3:5.93 <0.001
1L-6/(pg-mL™") 126.31(48.13,1 430.42) 707.32(103.88,5 957.34) 1.23(0.48,4.10) D-:-1.46 0.433
DO-3:4.36 <0.001
2-3:6.66 <0.001
SAA/(ng-L7") 984.10(144.80,1251.10) 510.60(179.10,1218.80) 3.30(1.93,5.48) D-2:0.42 1.000
DO-3:5.99 <0.001
@-3):5.47 <0.001
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60.00 P<0.001
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2.3 SR M EIRA TS
SRS T  A A K 17 B AR R 4 6 41,
FERIR DR 0 4L 51 IREHF S E BRI R 2 FIE 3.
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4l1 LR35 NE N B Bl N B 72 )
42 B8 R EFF IR IR A T S A R T
43 il 9 5 BR T WESSHUAT T i 4 5w AR T
44 H OESERE DL 2R RER Pl S Bk
#5 FEX0 S R AT B AL SR
46 S OMEIRE A 5 AT R

24 BARARRE RBEAM R

HRAIE 92 B98O PCR AT FE45 5L, H AR J5L 1A CT<37 4y
B, CT>37 JyBIPE . PCR 445G , 17 Fl F b o o 4
Rzt T () SR AEURE 53 530 « MLV BE BR B 107 CFU/mL Vg 22 2F %%
B 10'CFU/mL €7 BK 10 CFU/mL 8 & AN ST 5
1 CFU/mL K54 0.1 CFU/mL HiR A 0.1 CFU/mL
Jifi & 55 BK T | CFU/mL e 55 30T 18 10" CFU/mL it 4% 52 75 {1
FF i 10* CFU/mL ., F1 (4 /& B B 10° CFU/mL G 5 22 9 BF
10* CFU/mL B SR 10 CFU/mL SS9 3RE 10° CFU/mL
FA YA i 1 5 0.1 CFU/mL -4 &2 2R B 10 CFU/mL 4 25 0
HIATER DA 10 CFU/mL X A7 S8 TEFFIA 10°CFU/MmL, FEULIE 5.
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F3 17WBIRRREESIMRIREFET
H b5 )5t U1 FES 1) oy EiLE 97|
ML HERR B CAAAATTGTTGCAAATCCAAAGG GCTATCGCTCCCTGTCTTTGA AAAGAAAGATCGCTTGCCAGAACCGG gifp
MR AU AAGGACAAGGCGATGACCATC — CCCCACCACGAYTTCATCA CAGAACGACATCTGGTTGGCG fdnG
R TGATGCCCGCGTTCATTTA CGTTCTTGTAATTTTTCACGATCAA  AAACCAAATCGGCGAAACAACGTCTG grol
IS ARHFTE  CGCTGCAGCATCAAATCATG TGGGTCAACCGAGAAAGTTACG AGCACCTGCTGACACCACTCCACCA  baP
PN b CGGAAGCAACGCGTAAACTC TGAGCGTCGCAGAACATTACA CGCGTCCGATCACCTGCGTC uidA
R TGCTGGTGGCACAGGACAT TTGTTGGTGCAGTTCCTCATTG CAGATGCTTTGCCTCAA toxR
il ¢ 4 R B ACGCAATCTAGCAGATGAAGCA  TCGTGCGTTTTAATTCCAGCT TGCCGAAAACGCTTGATACAGGGAG  lytA
i 553 F0LAT AT CACTTGACTGTTGTAGATAAAGC CATCTTCATTGCAGCATTATCC TGTGCTTGCTTCCAGTCGTCTATG  leuB
fili % e FHMHE  ATCCACTATCGCCAGCAG TGTTATCGCTCATGGTAATGG TGGTGGACTACTCGCC SHV
SRCERRS/N] GGTTTGCTTGAAAGACGGTA AGTTTGAAGATATACGTGGTA TTACCGCCGCAAGCAATGTT 5.85 rRNA
SEHHB LR CCTGTTTGAGCGTCATTTCC AGCACGCACAAAACACTCACTTAT TAGGTTTTACCAACTCGGTGTTGAT — ITS2
Pl kA GGGGGCACATACGATCCATC ACTGTGTCTTTGACCCAGGT GTTCTTCCACAATCCAAGAGTTGGGT SAPT2
930 7 2R T GCAGGCACAGCTGCTTTATC ATCCCGGCATGGTGTTGATT GGGATTGACGGGTCTGGCTCG vanC
[ I8 I T T ACAAAGGAGTCGGGATGAGTTC  CGACCATTGCTCGTAAGGCT CAATCCCAGGCCAAATCACCGG aphC
IS AGCAACACTAAAGGCAGATCT — TGCTGTTGTTTTAGTTGGTTTAAACTG AAGTGAAACCACATTCGAAAGGACCA nad3
SO AERE CAGCAAACCATGCAGATGCTA  CGCTAATGATAATCCACCAAATACA AAAGCTCAAGCATTACCAGAAACTG  spa
A HWIEFE  GCACGTTTAGCACGACCAGTT — TGCCGATGGTATTGATCCAA CGCCAGCAGCTTCAAGCAGGTCA hns
WZIEH RPP30 AGATTTGGACCTGCGAGCG GAGCGGCTGTCTCCACAAGT TTCTGACCTGAAGGCTCTGCGCG RPP30
Eh i PURT | Lot orlint, | Taoes 0 PHUT WRERE | RESHE | Wi
= s — = s LoD=102 CFU/mL | LoD=10* CFU/mL L0D=;giCFUhnL
g1|° o | AN el 2 E
........... e e . o i i
= siEigiEiE B . W | T &
g Fa
e AESRE | LB | Ak
= o = = = - LoD=10° CFU/ml, |  LoD=10* CFU/mL | LoD=10* CFU/ml,
42 |= 2 AlIE > 2 %7 | ETE fin
. _ = = = ! ’
= ME : . - o = 7d pe
AL 1~2 4 B bR 5T 2 R A B. 3~4 21 H AR Jit i 5% fORE A
S ER T B bt 1 iy i prias )

H5

LoD=10* CFU/mL

LoD=0.1 CFU/mL

LoD: 10° CFU/mL

IRARRN

S B L A BRI

AR

10¢
10° 10

LoD=10* CFU/mL

C. 5~6 41 H A5 5t i 22 SO A

# 5

17 F BAnm R E R S E R
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2.5 % EPCRAEMIKR&FFEN 4R

W 6 178, CT1 7 17 Fivi 5 B B ik 45 B TR A $2 L
DNA E R, 7543500 in A BT 3 1A B A0 B A9 5 1 4, R4
PCR Y8 AT A3 45 5 5 CT2 oo SR BRI R BB AR i 2 oo [ B
SIPRETE A BT R TR 45 R . BTy HARR IR R A CT1 5
CT2 2 [ 25 A2, A A0 H AR R B IR 1

ETYEIEE]
SEERRERN]

pEBEIENL
SRR ANE]
I

H

P

ZEIHERTH (CT1=20.8,CT2=20.8) 18 R FHFFH(CT1=19.5,CT2=19.7)

KA H(CT1=25.1,CT2=25.1) SRS PRI (CT1=25.2,CT2=25.6)
A 1~2 41 H bR B 4 S A

C. 5~6 21 B AR I B S A
El6 %EPCR&ENEKRFZMRM

2.6 % EPCR#*EL fizfik—sHibik

DM 5 FR 32 A bR o, BHAEREAS (B AR IR B REAS ) 25 6],
FFI A A [) 300 0 B (AR A6 2 R AR ) 20 i), 22 3 PCR K FHA: A
AL A 88%(22125) , B HEAEARLT G284 100%(20/20) ,

BTG RN 94% . N4 2 BT IR EE R AT RO FEA R R
PEoR 2 By 36 H bR B ARG 1 22 57 B ge i 2R i X (P=
0.250) , i H —FHE R 47 (Kappa=0.867) .
277 % EPCREAR ik EREEF P d Fiki
DU ARAE R B2 W7 R bs o, BAPERRAR (I R 12 W e 25
FREREAR) 5449, B3 R A (] 30 i B AR ) 20 481, 2
PCR KL 17 9], A H SR R 23.0% (17/74) , LK 5746 11
1)K R 14.9% (11/74) , BIPEREAR 2 B vk kil 25 1 1
B WNE T BN o B 2 RO R R R AR A TR AR
K56, $2 7 2 ROy R A G HE R 25 8 G i L (P=0.031),
2 Bl 112 W — B0k A 18 B R K- (Kappa=0.739) o

P=0.031

B=Si=7S LZHPCRY:
B7 MmMiEFHFEMZEPCRERNLERILE (n=74)

3 3t i

WRFGEIE & —Fh i W . B RAR KR RS,
XFHAN AT # A T A A B s se T
R AT BT R ASE T Z (AR W oG
6, BFAEIR 1 h, BET AU 38 0 7% ; B34 AR
PR L5 P AT AT T DRSS ) s il 2 240 R it 245 4 1)
KNS DUAE I PR DA LS TR IEAE A8 Wi R AE 42
L7 A (BN PSS MR N R o (A=A 1175 = A7 N i 2R
Wz, ZH PCR 4 A AT [ B 552 3G 22 i
TR AR , PRI HG 52 B PR e MR S R R AR
S AT R I RO Bk B3 E 0 PR S R oK o AR
WESE 5 752 ] e 250 o3 S5 e S M A ) RT3 O
Xof IR BERE B UL S A A 22 Hi PRSI 5 2

HI G2 1Y D3 AR LBAR A 53 15 B 70 A1 [ A] L,
SO HEAE 109 S TR 32 B KR A T IR s B A
WA AR AR 2 AT RS SRR
S5 LA BN MG BT G Eu ) N B B
Fhia#, b P BRTE DG SR T Sk
A BRHE ER R R 0 S R I 5 A B2 R 1Y 90%
DL, 255 F R 0 B e A BR TR A HH I O, e 2
1 R 0T e T P LR R T O T R R T
T T T R DA N R A BR TR A BT 2 ) ) U
Tk o PR, ASBIF 9 T 22 ) A0 TR B 0 0 D e e P ke A
Py S T A 1 H bR i O 56 ] e UM R
i 18 RS 43 B 1T, L[] Ao o) 240 TR K B B iR TR
o H bR R 55 )5, Primer 3 B0 5 | 9 K
4 18~27 bp, GC & 1 4 40%~60% , I FiiF 5149 GC
AN Tm B PR FEEEE o AR AT H ) B o D DR
(S Tm (B AT 35 UE , A5 215 F J5 B4 1) e {3 Tm
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Ho ARS8 E AT B B 17 B I B o
R 6 2, Fe A U AR Tm A5 51 91 191R KR 60°CH
VAR ZR IR KR

FU B M4 R AL I R I2 W 2H B B P X B 24 45 33
TG FE AR KT, 25 J I R “ G bR e L1 5% 40 LI R
12 T 21 IR G A 7 KT BRI R T B B2 (P<
0.05) , MM 3% 37 2 ANl R 12 W7 4 B G A i 4 /K - 22
HIAK(P>0.05) , Ut BHABFFEAK I I ASRE AR K SOF A
PRS2 B BRFEAE 12 W nTAE b S AR

PUIMLES FRIE S5 R o0 S I bR, 2 8 PCR L 5 1M
Bk —S Rty . 27 PCR VL 3145 1 5 1 4% 55
BT (HESERE 1B R E26) . nl
FE LR A« 11 (0 B TR A5 L TR DS I A PR A 7 40 i
B A% TR IS ) 5 A7 7E — 2 IR, 2 3 PCR K U
S R LY v o D AR B A s BEAR AT K
S IR (U A SRR A A ER B G S
BRSSP A i 0 J% e A S5 A X AR, b v i 4
BEEE > 5 2T AR SR I 56 UF 2 PCR YA X It
R HE > B bR R Bk BE T o LU IR iZ2 W
ZWARUE , 2 PCRIE (23.0%) K 1 R8T I 1G 73
%(14.9%) . 54 BIHYEREA T, 7 6| 2 PCRE S
MG FEk R, 10 B 2 & PCR LR, o 3
2 RAGAE T . 1 )22 5 PCR VAR H 60 2 R Sh#T
P RBR ARG JE S5 7 WA 3% A TR A B I PR 12 6
SiE il A8 M FE VAR 5 5 1 9] 22 51 PCR VL 4G 1 1l Vi %
BRA I s B 7R 4G S B BR A L I PRI2 Wk 1k
i M R 1 P MR B A R R B M AR B 5 1 1) 2 B PCR K
WK 10 7 T L I G RO B R 45 R R o 22 BAMEAT
R, I R T2 T 22 i 8 o 288 o R 4 Al [ 1 e
BEMERSE o 0 3 ) i 45 SR IE B R K, 2 PCR &
25 S5 H A 7 35 R 25 B I RAE IR &L K
HB A9 R TR R BORR B Y T REPE R K. 16 il £ E
PCR LA I 25 . AR B2 W7 M, (B A 5 5 E ™
Ao RTREAJEEE Sk« AR RS T = AR B A B
PEAE S IR A PR VR B A, ™ A A 1 5 b
AAFHOE A, AT RER K . 21 Bl JCAT ] {5 S 7=
Az AT REJF PR A < LY HH o D A R ARG o i R AN
FE 17 R H BRI R B Z N 5 0 R A= ) — A
MLAE, J5 Sk mT 3o 3 8 7 2 an e R ) 2
# PCRIESE R IATIRALE

Zi BT AR 9T ST I 2 PCR BT T AE
JI58, 5B SRR — St b R R T LR
FRUE R ) [B) 4 AL G M 8 R4 1 1/16(3 h/2~
5d). LA AR R TG ERE A MR B A
R, A MERE B W AR T AR LT 5
WA , e PR B AP IR FAE £B 3 g B R 1070
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