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T Luminex xMAP G AH.Ch- BN 2 kG 7 Fifp
AR PESowE 1A

k", REAE, ka4, R
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¥ E: B8y AT Luminex xMAP WBORIE b H AR RGN R A9 E  EELIE . I TR . &
AR . RIAFFE 0157 SR MU A= I RR IQ B L 25 W s il v 7 7l i 5 5500 T o 3 PR3
K5k, Fask 8L 7 Mok s 4 SRR TLH ., gspD. invA . nuc. rfbE/eae. hiyA, hipO Fy#5il
RS, BIIEG BN TAG P9 KAV EFRC R R g1, X 2 8 R4 8 5% X R 3 R (polymerase
chain reaction, PCR)Y " ¥1A R G A 225 & - i Tk, R EM iz e vt . REUE L &2,
FERF 172 BRI A3 B BERETT SR A2 PR i IE . S55R 7 Fh BARSUR I 24 2 IR SR, S5k btk
TSN, X 7 FEGRER 10'~10° CFU/mL T W A3 212 112 O BRI EA T A log ek IR 5047, 45
R R 52T 2R P12t P B B 3 IE A 5E(R?>0.994, P<0.001), AR HERHYI I S% . PCR & &
K BR A 10* CFU/mL, & MK H BRHEE 101 CFU/mML, 7 RHEUREAENL. . BRIt i se g6 s 5 R 8k
(coefficient of variation, CV)/3 5 0.9%~4.6% ., 0.4%~2.3%H1 0.1%~0.8%; HtIAISZH: CV 43514 1.5%~4.8% .
0.2%~1.7%%1 0.1%~0.9%, HA RS MHEPARE R SRS E; X 172 BRSEPR/ & AR SAF 530 96.5%,
Kappa f36— 207 s, 4K Kappa 2504 0.928 (P<0.001); 4% itk Kappa ¥R T4 T 0.8, IER% 5 Wk PRI
BT 5, RG2S, PRI AR 5 52 e W v 2R . 8838 AHFSTEE W Luminex
XMAP WO ARSI A R s . SO v | Sty | DR SRR, TSR 7 A B s B[R] AL
A, G TR, EYh a2 8 R AR
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ABSTRACT: Objective To establish a method for simultaneous detection of 7 kinds of important foodborne
pathogens, including Vibrio parahaemolyticus, Vibriocholerae, Salmonella, Staphylococcusaureus, Escherichiacoli
0157, Listeria monocytogenes and Campylobacter jejuni by high-throughput and rapid detection method based on
Luminex xMAP liquid-phase microarray technology. Methods Specific genes of the 7 kinds of pathogens, namely
TLH, gspD, invA, nuc, rfbE/eae, hlyA and hipO, were selected as detection targets, and specific primers tagged with
TAG sequence and biotin were designed and synthesized. The multiplex polymerase chain reaction (PCR) amplification
system and suspension array hybridization conditions were optimized, and the specificity, sensitivity and repeatability of
the method were systematically evaluated. A total of 172 clinically isolated strains were used for practical application
verification. Results All 7 kinds of target pathogens showed specific amplification without cross-reaction with
non-target strains. Double log linear regression analysis of median fluorescence intensity values of the 7 kinds of
pathogens at concentrations ranging from 10' to 10° CFU/mL, showed an extremely significant positive correlation
between bacterial concentration and median fluorescence intensity value (R>>0.994, P<0.001), with a slight
species-specific slope. The quantitative limits of detection of PCR was 10> CFU/mL, and the qualitative limit of
detection was close to 10' CFU/mL. The intra-assay coefficient of variation (CV) of the 7 kinds of pathogens at low,
medium and high concentrations were 0.9%—4.6%, 0.4%-2.3% and 0.1%—0.8% respectively; the inter-assay CV were
1.5%—4.8%, 0.2%—1.7% and 0.1%—-0.9% respectively, indicating excellent intra-assay precision and inter-assay stability.
The total coincidence rate of detection for 172 clinically isolated strains was 96.5%. Modified Kappa consistency test
showed that the overall Kappa coefficient was 0.928 (P<0.001), and the Kappa value of each pathogen was no less than
0.8, proving that the method had reliable positive detection consistency without systematic deviation, and could meet the
accuracy requirements of clinical detection and food safety monitoring. Conclusion The Luminex xMAP liquid-phase
microarray assay established in this study has the advantages of high specificity, high sensitivity, high throughput,
rapidity and stability. It can realize simultaneous screening of 7 kinds of foodborne pathogens, and is suitable for food
safety monitoring, emergency disposal of food poisoning and rapid clinical detection.

KEY WORDS: Luminex xXMAP liquid-phase microarray technology; foodborne pathogens; multiplex polymerase

chain reaction; high-throughput detection; rapid screening
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B MBI 4 Bk T P N T N S T A el L 2910, eAh, A IR B R S A S TR G AT

TR A DR 5 e 2l RN . Ry, (0742 “ClR FYESE RPN, KPR AR
VRITICH . A AR . RATEE 0157 . B4 i, &GN A A B P s 5, B0 PCR tH:

AR 25 S A 7 ROl e R o PCR (droplet digital PCR, ddPCR)SZHE T 4%

TR SISV DI G155, AT R bR ﬁ?ig:ﬁ RN RSB RTY, (H i R
4 1 [2-8 e
EERER, BIIZRRELRER, BRAR R4, SR, RIS B BRI B, # B PCR Al H
PRI A I S AL (LRE TR oIk POR B AT, 1o
G, SRS R 5 TR BRI e e PR, PR N i 2L 4~6 EE MRS {W'J’ gﬁ%ﬁxﬁi
JRAS S, Mo, Z2E R A EHE R Y £ AR (polymerase chain o N * “' S
reaction, PCR)QEI:%EEQIZH HL KR AR 12, HAE (g A=, POUME S MAAAEAR B T, XELAE 2 299 R W) 25 [F] ik

s ZNJU

BRI K B AP T B Ny 7 0BT AEIOSERRAAET, Luminex xMAP HHLEf
BUAR, RGO, g POREEE TSN JOESREIR S 2 MR

FFIR ST s R I B 5 5 S R R Bk —, . R SRRSO S ORI R, RDH G 3 4 T
AR I GE BB C By T R 5 Fh e dipksops  PACA BN, FLRESR S POR P sd il i =y Uik
BI£E PCR-BAE Ik . ZESHESLH PCR B, e TRE S FE RS, BAEEE. SR
Ay 2SR R AR T, B ARO A RSO py PE . R RO ST SRR, HE SRR AR R i A i A
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KIRAEWHN T FEM SHFRIZES BUAS, CZERZE R
e Yo O A S AN AR 2 Tz Y2 H, IR
A7 o T A U O T 114 1 3 R VRORE S A v AT
MRz, HARIER SR . Z T PCR §73 KO 2438k & 1
AL M FEoea 22 ik, ARBFSELL 7 e EOR
FRF Sk JE R bR, #5722 F PCR 454 Luminex xXMAP
AR Fr BRI i, IR HAR Rt . ReUE . R
PE RS BR N FHRCR AT RGN, AL RIS . B
BRI I R S R I T SRR S

1 RS 7

11 # #®
LILL ¥ #%

o VR A Bk [ I i 4 9B (ATCC17802) . ZE L IR B
(VBO ATCC14035), 7P TRE(ATCC14028), 4 (0%
BRI (ATCC25923) . KIAFFIE 0157 (ATCC43895) . A%
JH 3 A 2 i R T (ATCC19115) 45 7 25 1l i (ATCC33560)]
FIEE HAR MR IR A T(ATCC25922) . ARSI FF
(FEASTBSRR) . BRI AT R (FEAS 73 B bK) . BVAIAATF I (FEA
STER) . AR GRS (FEAR AT B AR) . I (FEAR 5325
). SN (FEAS T BIAK) . R ECHA BRI (FEA X B 1K) |
S5l IHTR(CICC23925) . B e A RR QTR (REAR 7 B i)
TR BT MR A B A F

SERSTAMR: 172 BRBUR IR 4325 3 2018—2025 4F £ fh XL
Iz WA R £ PR I R AR, JLrh R oA 32 #k,

AL 01/0139 7Y 18 4%, EALINA O FEH Y 1 4%, b
FTICTA 42 PR, &R EmA Bk 38 tk, KIBHFH 0157 15
PR AR G A AR TR G TR 1L bR, =B 15 %, &
GB 4789 J5 ik B S B R AT o
112 MELXA

Luminex xMAP JRAHE 7Rl R S [#& e 52 2 (1
WA PR/ ]; TIOOPCR ¥ 34%(ZEE Bio-rad {HRAT):;
Smart32 BRI () M ik 2 3 K ey A BR 23 |l ); VITEK
DENSICHEK Display Base 4 3t 5 117 E M IR A F]) o

QIAGEN Multiplex PCR Plus Kit (100 Afy/£x, fHiE
QIAGEN GmbH A F]); #&HFEMERAEMA[ mg/mL,
[¥ Life Technologies Corporation (invitrogen) 2% ¥l ];
MagPlex-xTAG  #% Bk (2.5x10%mL, 2 Luminex
Corporation 3y Fl); 2%3¢ buffer (1 mol/L, 43k, 3
Sigma-Aldrich A A]); BERIEBUAF & G2 AMp/&, [ Mk
IR AR A, AT Q250 g, ARl
MEAR R D, A R ER SO N .
1.2 /5 &
12,1 HERR

PRI ff 57 32 B8 75, 2 B i I 5 HE T 4 B 3
[K£H DNA, —80 °CI-T7% H .
1.2.2 514t 56 m

EEXF 7 FIEUR R R R RS R RS 1Y, RS
W SIS TAG JP415 Cl2 [RREF, TS| sumtricd:
YR, 5IYFH . Y B R g LR 1.

Fz1 THEBRRESIIFY R RS

Table 1 Primers sequences of 7 kinds of pathogenic bacteria and magnetic bead numbers

RS WIEE I FF51(5-3) Fﬁf¢ R4
p
- n TLH-F TAG-C12-AGAGCCAACCTTATCACCAGAA
I 5 i A SR TLH 185 44
TLH-R (Biotin)-TCCACCAGTAGCCGTCAATG
o gspD-F TAG-C12-GGACAGCCGACCACTTCAA
AL gspD 111 63
gspD-R (Biotin)-CACTTCCAGCATCGCATTCAT
T invA-F TAG-C12-CCAACAATCCATCAGCAAGGT
VI TG invA 92 45
invA-R (Biotin)-TTCCGCAACACATAGCCAAG
o nuc-F TAG-C12-CCGAAGTGGCAAGTAGACATC
A A BRI nuc 108 28
nuc-R (Biotin)-CTGTAACCGCTATGGCATCAAT
fbE-F TAG-C12-CTAACTAGGACCGCAGAGGAA
rfbE 102 52
. rfbE-R (Biotin)-CATTGGCATCGTGTGGACAG
KIGFFE 0157
ecae-F TAG-C12- GGCGGTCAGATTCAGCATAG
eae 252 27
cae-R (Biotin)-AGTAATGGTATCGGCGTTATCC
AR 20 4 A hlyA-F TAG-C12- CCTATCCAGGTGCTCTCGTAA
et et hiyd 104 37
R TA hlyA-R (Biotin)-TGGCAAATCAATGCTGAGTGT
T hipO-F TAG-C12-CTTCTTGTGAACAATGCGGTAG
75 WS i TR hipO 180 56

hipO-R

(Biotin)-GTTAAATCCACCTTCAGGACCT
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123 %% PCR¥ ¥

#5728 PCR RAKR AR, Jexi 8 X fe kg Wikt
HE PCR ¥ HRAE G T 7 Fr i 80R £ & PCR
A& 2 . % QIAGEN Multiplex PCR Plus Kit i 7] & ik

P8, BN ARZR A 25 uL, HiA 2xPCR FRIR 12.5 L,

10 pmol/L F RS 414 0.25 pL(ZHREE 0.1 pmol/L), #5547
DNA 5 uL(#J 100 ng), FIRIAFHICEREKAME . PCR
PHIFLT: 95 °CHUEME 5 min; 95 °C7A81E 30's, 60 °CiE K 90 s,
72 °CHEA 305, 3 40 NMEH; 68 CCLLEM 10 min, FHE™
W) 4 CR-IFE .
1.2.4 ®ABE R Ze 50

FHBRE R anti-TAG JFHIH) xTAG HASHEKRLL 1x
FALGE MR TR AT AR ST, HeBE RN Y 2500 AMERAY R AL
HIHoRIRA . B 10 L HoREA, 5 2.5 uL PCR 77 ¥ %
37.5 uL FREREE N 2 pg/mL BERFERIZR-HRLL R 4L AR
BUR 50 pL 28R R, BFIRSIE T PCR U 45 °CHiF
H 45 min, ff PCR P74 1Y TAG P4 5Bk E 1 anti-TAG
PR A MO . 2938 e Wi g RS, SR Luminex xXMAP
WA F RN R G A T AL, DA BRIA S B IS
R KAE S M B4 1 %6 H v 5L (median  fluorescence
intensity, MFT), LA B{E=BA:XTHE MFT S5(E+3xbrufifm 22 J k]
FEARIE, B2 BRI I FUE I 5 il 2 FE AR R H s
125 ik Fh

(DFr 5

bu QSR Nk N E I ER TR 7 AW AUl NN S il N}
PRIAAT JCAE R E, B0 iF %5 125 O ARG A S

Q)R HUE

VbR HE TR AR HEAT 10 A5 B AR R, TR R BN
10'~10° CFU/mL AY B, EAUGIIECE MFL, X
BE AT Lk B0, 0 ik R A AR ARG HE PR

G)EEM

BERHE . P AR 3 MR EERE AR HETERE, 43 3
SERERAGI, LR SR . S R FYIRE 3 YO TR
&2, T EHL N . R AR S R $ (coefficient of variation,
CV), THN kRN B S B

(4N FHE

PL 172 Rk R 20 38 Ak 5 6 42, SR A Luminex
XMAP WRAHE ik JF AN [R5 3 S Al i il 4 5 v &
SRELBTINARAL, YEE 10° CFU/mL WARAEMREE, 43 B
KL AEEERG IR RS SERL 7 RSO TR S bR it
I%, MARE 3 WHATAT. KAMRMEER S GB 4789
ROV EFARAET IR AT, RN AR, A RIELT
T S 1y FH AR 5 R o
1.3 HUBALIE

AR IV E 3 W ATAT, LI g R
Excel 2019 H{FSERIERIAETE | SEIME | FrEfmzE K& CV
5 H SPSS 26.0 GEil K AFTFRGETH2£5 T, dlim 2%

SRR 56 R B R R T 254307, WAy i i — Bk
% Kappa #:56, K3 7KHE 0=0.05, P<0.05 AZEFHAE
BT TR 5 5 655 DU Bk P A 43 #r
PCR Hi ik 1% Fe e o6 R IR Origin 2021 #4424l
581G o B E R LIBAPEXT I MFL S-350E8+3 fistr e
i 25 R BRI S, bR BDBCE | CV e B S A ke
3E A AR

2 ER5HH

2.1 HERMRAEER

S AN 2 T PCR-Luminex xMAP & AH
R AR R, ARt 7 Rl E AR R R SO T R 2 A EE H AR
Xof BEGAARHEA ARG, [ 25 i 3308 B i R e P Dk ST o
MUK EE R R, 7 A EARSOR E AT S U R BoR
N—BU R SRR S, AR A L S R K
FTHIHEIE 1), WA R EHURENES Rk 2 PoR: 7
ol E BR BT R A SERRIEH MFL 38 E T8, 55 EE S
TFBAMEXT FNTC)AK s M KGIRATE . R E KRG
W B AR . BV GFF B . AR BRI L AN |
PIASINE . RAWERE . S, i wZE K
W% 10 AR BRI, A REE MFL {355 B xT
WEEASET, REBHMEGS . 456 AN B0E 1 FHEH)
E B (MFI>227) #4740 352, i Ak H bR AR 6 D 25 2R 15
B, AL 7 FbE AR RO B S IO SR, AR R TE A XA
W NG FIRGEREH], AU R S
FI5 TAG Ze2c R Z ML I PER, ATRRRPEIRG] 7 Fh H AREL
I TR DR AT RE DR 9, A2 DA . IR AR T 40

50 bp

100 bp

150 bp

200 bp
250 bp
300 bp
400 bp
500 bp
600 bp
700 bp

H: M: 50 bp Ladder DNA Marker; 1: ¥ L9 (ATCC17802)
(TLH); 2: EFLIKE (VBO ATCC14035) (gspD); 3: VIR
(ATCC14028) (invA); 4: 4 A% ERHE (ATCC25923) (nuc); 5:
KIGFFE (0157 ATCC43895) (1fbE); 6: KIGHF 0157
(ATCC43895) (eae); 7: =525 T (ATCC33560) (hipO); 8: k%
Y fa st A 2R RR I (ATCC19115) (hlyA).
1 85t |HE I UE PCR bk 45
Fig.1 Specificity verification of PCR electrophoresis results of 8
pairs of primers
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Table 2 Specific experimental results of 7 kinds of foodborne pathogenic by liquid-phase microarray technology

NTC 158.0 126.0 159.0 188.0 182.0 185.0 160.0 169.0

B MY (ATCC17802) 2109.0 178.0 194.0 165.0 183.0 194.0 166.0 172.0
FEFLINE (VBO ATCC14035) 185.0 2376.0 195.0 171.0 181.0 198.0 191.0 182.0
IR (ATCC14028) 172.0 165.0 2327.5 169.0 176.5 181.0 164.0 160.0

A A A IR (ATCC25923) 190.0 185.0 190.0 1095.0 191.0 189.0 188.0 178.5
KIGFFE (0157 ATCC43895) 176.0 173.0 192.0 168.0 2410.0  2087.0 171.0 186.0
23 1 25 1 7 (ATCC33560) 179.0 174.0 185.0 174.0 179.0 182.0 1235.5 168.0

PR AN L A 2SR (ATCC19115) 168.0 173.0 176.0 180.0 179.5 172.0 179.0 1117.0
KR A W (ATCC25922) 152.0 148.0 141.0 158.0 153.0 158.0 156.0 151.0

1Y TR ERAE R AT T (FE A S B ) 152.0 149.0 142.0 158.0 152.0 158.0 148.0 154.0
B iy s A T (RE AR 43 B ) 55.5 53.0 43.0 61.0 53.0 58.0 155.0 157.0
98 B FFE B (REAR 43 B ) 144.0 144.0 137.0 151.0 147.0 152.0 146.0 163.0

i OB G (R 2 BB bk 152.0 149.0 139.0 156.0 148.0 158.0 158.0 171.0
B3R (FE A 43 B bk 150.0 148.0 142.0 157.0 149.0 155.0 166.0 173.0
PSR (FEAS 43 B k) 153.0 152.0 144.0 162.5 153.0 160.0 171.0 173.0
AT FTERTA (FEA 43 B8 bk 153.0 153.0 146.0 162.0 156.0 159.0 166.0 156.0
25 1775 #H B (C1CC23925) 147.0 147.0 139.0 157.0 150.0 156.0 152.0 149.0
i v A TR T (FE A 7 B B 153.0 148.0 159.0 143.0 158.0 163.0 173.0 160.0

22 REEHEER

A FENF 7 FhECH A R B (10'~10° CFU/mL)
B9 MFT R S5 e 434, 22X log FE4um £ [l 1A 434
ZEREIR, S TR log(HRHK L) 5 log(MFL -1 35 2 4R
LR TEAR G (R>>0.994, >0.997, P<0.001), [H]JH413H
R RE R, N S BURR DNA RGN AL,
(ARG S AR AR 2 o LA 7 RO T NTC 1) MFI
(B A FEAE, SR BIE=FAEXT B MFT SE{E+3 prdi 22>
PG5 e PR E IR Rl . th FRIAFF I 0157
T PR ARG B0, TS A BEAT AR S (ELA I s
Ja, EMZBUREME S, S5, 7 AR R MFL{E
(158.5, 126.0, 159.5, 188.0. 189.0. 157.0. 161.0)/ .5 F
PIER 1627, FEABRHEN2ZE R 21.4, 3 f5PrifElm2E R 64.1,
B L e R R Y BRI 2 BR(EA 226.8(BUE N 227). %
(LR Sy X 43 ot B B PR A A O s AL, 4 SRR & MFT

HARF 227 wfFE M, R H HARE0RE; MFI<
227 BEAE B, Rk HAREORTE . 454X 5%
PERCRHE G IR, & B 10" CFU/mML Wi SAs vk i, H:
MFI {E B T B A, 1 10> CFU/mL K& L b # B MFI B34
e TEE A SME R EERG, thezmiik Rzt 7
T 0O T A B I ARG BR A 102 CFU/MmL, fiedi e PG
HBRHEIT 10" CFU/ML. X b RIFER £ 48 PCR HL K45 SR 0]
. E IS IR AE 100 CFU/mL ¥ ToHs Stk 1 4%
M7, {2 10° CFU/mL K LA b ] 23507 H A9 445, A
i FEAR R B DX [ AS: HH R SRR %58 PCR, HLAT 2l 7 Fif
SO A [F] 25 RS, AR MFL U it . 251 %
W, T PCR SR PR AN A (X R e M . TR T ot .
L5 FRTIR, AR R R IR RO R L R R L A
oAk 58 PCR HLUKTE R U Gl it 5 e vk pe b s ] Bk
e, RN 3 A 2,

®3 7 HEHBEARRERER MFIE

Table 3 MFI values of 7 kinds of pathogenic bacteria at different concentration gradients

ig EIJ%%‘@% AL WITIRE %ﬁ@%% KIGFFE 0157 = lpa i Eﬁ&éﬁ%ﬁ@i?%,ﬁﬁ
/(CFU/mL) 5 BRI PR

NTC 158.5 126.0 159.5 188.0 189.0 157.0 161.0

10° 5625.0 5250.0 5986.0 6375.0 5850.0 4875.0 5400.0

10* 2925.0 2700.0 3027.0 3375.0 3001.0 2475.0 2775.0

10° 1162.0 1180.0 12185 1350.0 1201.5 1098.0 1110.0

10° 464.5 483.0 500.0 499.0 469.5 439.0 421.0

10' 203.5 201.0 212.0 194.0 193.5 189.0 198.0
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23 ESEMAEER
N R GV 1% 22 B YR B0 BRI Oy ik 1 B A
Sfaoett, A ET 3 MLt 0 EE I EE, i
A EEL1(10" CFU/mL), " EEAL(10° CFU/mL)HIE ik
ZH(10° CFU/mL) & NTC 25 A% IR, Stk . BE . EH
FIBE 3 WA ATEE RN, FFRHL Sk R A
I, HNIREE AR TR, 7 FEOREAEM. P ER
FARHN CV 25N 0.9%~4.6%. 0.4%~2.3% FI
BRI I ST Ve P o B PCR F K P
10°  10* 10° 10* 10' NTC

M 10°

VI TR KIHO1STHF R
1 B PCR L 1K & FEREEPCRILIK B

10° 10¢ 10° 10* 10' 10° 10° 10°  10°

EFLIRE R EAS L PCRIEIK

104 10°

10' NTC

0.1%~0.8%, NTC X Bt N CV N 1.8%~5.2%, 97.1%F 5l
H CV<5%, HEPIREHE RAF. #LMSERHE 4R B,
i AR BELR L] CV 235 1.5%~4.8% . 0.2%~1.7% il
0.1%~0.9%, NTC XAt CV K 2.5%~6.3%, KT 10%H
{H; ANOVA Z3#7 S Rtk (8] JC i 2 25 5(P=0.512>0.05), it
Al —EEE . 25 ERNA, 1202 10'~10° CFU/mL JE
AL S0 R 2 B SR e P, AT 2 BRSO
FERREM A IR ER . SR 4,

& H A A BRI R B RS B PCRALTK &

M 10° 10* 10° 10*> 10' NTC

10> 10' NTC

23 g 25 o R BN I3 A A A B
B BEPCRALIK ] YR EEASBEPCRALIK A

10° 10° 10° 10 10 NTC M 10° 10° 10° 10° 10! NTC

&2 7 FhEUR E BB PCR HLIK ]
Fig.2 Concentration gradient PCR electrophoresis plot of 7 kinds of pathogenic bacteria

R4 THEFEHESHAZEERRESER
Table 4 Results of inter-batch and intra-batch repeatability tests for 7 kinds of pathogenic bacteria

H—HK ot (%) EHSEiR

O "
10'CFUmML ~ 10°CFUMmL 10°CFU/mL NTC 10'CFUmML ~ 10°CFU/mL 10°CFU/mL NTC 10' CFUMmL 10°CFUML 10°CFU/ML NTC
o 202.5 1168.0 5625.0 159.0 190.0 1178.0 5630.0 166.0 198.0 1177.0 5637.0 162.0
?E;Eg 199.0 1189.0 5608.0 162.0 211.0 1169.0 5618.0 150.0 201.0 1180.0 5608.0 158.0
204.0 1190.0 5627.0 160.0 204.0 1195.0 5625.0 160.0 206.0 1199.0 5625.0 160.0
) 202.0 1208.0 5269.0 128.5 202.0 1200.0 5260.0 128.5 199.0 1202.0 5259.0 138.5
E%%\ 200.5 1185.0 5232.0 127.0 212.0 1189.0 5259.0 130.0 212.0 1189.0 5229.0 132.0
198.0 1201.0 5242.0 129.0 198.0 1212.0 5242.0 129.0 201.0 1218.0 5244.0 125.0
. 214.0 1215.0 5986.0 162.0 208.0 1223.0 5990.0 156.0 218.0 1230.0 5988.0 166.0
wb;tﬁ 212.0 1220.0 5965.0 159.0 210.0 1220.0 5955.0 150.0 212.0 1219.0 5955.0 155.0
220.0 1198.0 5959.0 164.0 229.0 1198.0 5979.0 164.0 229.0 1200.0 5969.0 154.0
e 198.0 1352.0 6375.0 190.0 198.0 1332.0 6389.0 188.0 197.0 1338.0 6377.0 190.0
A ER 200.5 1358.0 6348.0 195.0 199.0 1368.0 6359.0 195.0 208.0 1358.0 6349.0 191.0
L 202.0 1367.0 6388.0 187.0 215.0 1367.0 6388.0 187.0 215.0 1350.0 6388.0 185.0
196.0 1208.0 5850.0 186.0 180.0 1218.0 5857.0 190.0 199.0 1220.0 5867.0 196.0
227 196.5 1217.0 5836.0 195.0 200.0 1217.0 5856.0 195.0 201.0 1215.0 5873.0 185.0
200.0 1209.0 5849.5 188.0 200.0 1201.0 5869.0 178.0 200.0 1211.0 5859.0 188.0
192.0 1098.0 4852.5 164.0 192.0 1088.0 4868.0 154.0 190.0 1098.0 4858.0 157.0
*nﬁj 197.0 1106.0 4867.0 157.0 213.0 1106.0 4867.0 177.0 200.0 1109.0 4877.0 167.0
201.0 1086.0 4878.0 155.5 201.0 1096.0 4878.0 165.5 201.0 1127.0 4868.0 175.0
AN 201.0 1133.0 5378.0 168.0 209.0 1116.0 5387.0 168.0 210.0 1137.0 5383.0 158.0
Eﬁi 198.0 1120.0 5400.0 159.5 189.0 1120.0 5400.0 162.0 188.0 1110.0 5399.0 172.0
o 210.0 1115.0 5412.0 170.0 210.0 1115.0 5412.0 170.0 208.0 1122.0 5412.0 170.0

TE: RPEE MFI .



%5 15 3]

TREKER, 45 5T Luminex xMAP ALE F HOR Z AN 7 Fh 2 IEEUR R 263

24 TFRNMAENER
2.4.1 ST AW A

SHESTE Luminex xMAP JRAHES Fr 3 A ARG R 4,
Ll GB 4789 RFI NS IR, X 172 #Rilf R4 5 e E sk
RGP (2020—2025 A& g K SR TR BRI RARR A1 7
i, 255 IR 7 FECR B ARA S B B AR A R
GB 4789 J5 %t L BAF &K1k 96.5% (166/172 ¥k), 5L H
R E R 5 R KT ET 95% LT FrifE. Kappa #6565
— MM R, B4R Kappa £%7=0.928 (P<0.001), —3k
PR N PR, % Btk Kappa (¥R T%T 0.8, IEWH
PP i BRPEAS Hh— Stk vl 4, TR Gk ZE . 455 L3R 5.

x5 THERELESBHRENFEE
Table S Detection concordance rate of 7 kinds of pathogenic
bacteria in clinical isolates

PR T

R BRI bR . A% /%
IR 42 41 97.6
A A IR 38 37 97.4
IV DI R 32 31 96.9
23 s i 15 14 93.3
Eﬁwﬂ%é?gﬁ% 11 10 90.9
BERLINE 19 19 100.0
KB 0157 15 14 93.3

242 B AR R

ABFFELL 10° CFU/mL J bR, 7EAR K . it

AR ARG 3 2R BT R SR 7 M EUR TR A
SR EDGRES, WA E AR S AR, AR 3 K
BARAT, Wi (AR 2% MFL(H, 1154
HIARIEE S CV, 2550 W R Al RO I8 4 JG 3L Jo 4 il
Z T, FE MFL {E5 3] 1020.3+22.6, [ i &K
100.0%+2.2%, W AE [l e 38 SE v 2 IR o AR R 7K S o 2 4
H,OREA. BN . ZmEY MY, B AR
Fe B ARG, FE&E3% MFI (R 928.0+9.0, [ i 2=
90.9%+0.9%, CV 1 0.9%, il 55 & 1 ek o B i A= 35 5 A
YHENIR. ZEB 544240, SREIHZE PCR ¥,
S MFLEREZR 909.3422.5, [N 89.1%+2.2%, FAT
CV 2.5%, fFIERR BRI T4 AR TR e AR RGN s
M. BB SERAR, SRR B S L BuR
T4, % PCRY TR 2, T34 MFI{H 817.3+8.3,
B A 80.1%0.8%, N AT A 4 Bl A%

IFA FE AR AT, A0 3 R 4H 0 b [ e 2R ¥4 9% A1
70%~130%1 Palk & #% X ], HA&AHPATREAR CV LT 3%,
FEA A TR vk 2 Rk . Lo il i e oM AR
i X P >R AR SESIR K, itk b i e . e &
BLTPORIE, MY TR Rz, AR LT T
il -

2% | TR, Luminex xMAP & AH S A4 7 i 24 8¢
TP (L S 2, TS ACSREE . IRHAK . AR BRI 2SS I
A REASTR A {H i BE i B 10 R R BT A AE W 4 Hg
Hil, EEE AR A TR, BRI 2 i T4k, i —
HARTHE Z= s ME A RE ARSI [T e . S5 R IR 6.

Fo6 THBHBEMREYRESERCE®R

Table 6 Summary table of test results for spiked recovery of 7 kinds of pathogenic bacteria

Sy 3 WOFATHE iy MFI B Xif o H: 5145 1 MFI V-3 MFI{E TR IR % CV/%
SRR IRZL 1188.0  1165.0 11550  146.0 143.0 158.0 1020.3+22.6 100.0+£2.2 2.2
HRZKIMAR4L  1102.0  1098.0  1100.0  165.0 179.0 172.0 928.0£9.0 90.9+0.9 0.9

AR 10800  1100.0  1072.0  180.0 1650  179.0 909.3+22.5 89.1+2.2 2.5
MSAMFRAL  1002.0  1012.0  998.0 182.0 188.0  190.0 817.3+8.3 80.1+0.8 1.0

3 WHit5%ER

LA AR AR I 5 SR B, IZAR IR R H A
SR OPERE: FERAESCIG T, SO R MG . AL
IR 7 Rl B ARBAR AR RSB S, 5 10 & FhEE
PR IS R, FE PR E] 100%; REERIEH, 7
FlvEOHG T 14 MEAS HEBRE T 10" CFU/mL, 5 A i BR
10> CFU/mL, HAHFk log(M MK )5 log(MFI “F-HI{i)
(AR 6 B0 RPFIK T 0.994 (P<0.001), LM 36 & BT
WEMIE D, MK P REREL AN CV R 0.1%~4.6%,
HEM CV S 0.1%~4.8%, PHLTF 10%M74 7k AT H237 B {H,
HAHE R E) TC 3 2% 5 (P=0.512>0.05); 52 FREEA B

172 BRI R 43 15 B B 00 G 00 B4 A 5K 96.5%, & 1E
Kappa R¥°H 0.928 (P<0.001), 5 EfR 5 ki 45 2 o
— 3, BRI RS 20, rhERCREE . K. &
fif A S A5 B WL S REAR T A, FEARUESE 7% Ik B SE
PR ATEEME

HAE T BUA K A, AHIF 5 857 B9 A RO Ab
THEGE DB IR L R A TS & A AR,
fiferk 7@ A E PCR, 2HOE PCR Ml E 2R . &5
BRI L A IR A A e g B () R, ] B S G S ) R
R SR e, BERER AL, K5 &R
FITTTAZ %W, 1332 K ddPCR B ] SEIAZ PR 4 % i &
RIPPETILR, (AP E | BB FEA I A & 5,
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FH1TE

FLZPUFMELL T4, AR B Luminex xMAP ¥R
Fr B AR B[R A A T S SR WA 30 A i e () A A, AHL 3%
WALEMIEEN B2 5 ddPCR PAREZS BARIARAS I FE 41 52
MEEAT, MR TS, WA IRFEEcE

T R, SO — USR] b T RO A,

BEZEYH . Z2W EHL. SRS E FEM 5 N LIT 4,
KAt EFEALE P E G 5 T RIS 28 NA B ERT
ddPCR 5 £ 22 & PCR, Wil 4325 .0 K&
B A IR LA KA A A ST A, IE RPN N 2
IEE A E AL I G RS W R B B B
.

LEA AP RS MI g, A A R
L EE M EBLERIFRE AR MK, HEdiiteE
& PCR RRSZA8 54, #F—8T TRMRE S 5 H
P o 52 VR M B T A I 451 sk Y Al O B AR AT HE
Luminex xMAP MM A R E0R B H MR 25 A0 (1)
R H M 2 H A ESE) PCR 228t E £ H PR
GEH 4~6 ), HT Wit 5 X 4EhRH 2 5 PCR-#E
JE LUK TR AR BOR /N 28 5, 784 i Bk 28 5 1 L Uk
S EHZ; 1 Luminex F AR IO C AL HMER S TAG %
B E AR XL, BV FE AT A B s 500 Rl AR,
H AW R EERR FRR, QMXHERRE T, ERERHE
Yk L RB AR A5 B UE1 720 B I, SEH 5t PCR AR
Ct W] AR bR HE IR JE M B 24, RS R H
e A SBR Y MFTAH, UG M 1m0 U5 o] FoUE T e v
W SUOUESMERMCR, ERM LR TH P EE
SERRN M E; GEAST R 585 IR E MR E . LS
BUIEPER UK TR LA . AN T HISRZ EMA R, W
AR Fr A e s B AR BN, BRI A shib B 25 R 50
b, FRBEACT AIRFIRS L Ah, AHAE T FE PR R 4 [
A5, A R R AR SC IR R, B 1AL | 238
R R, EREMWEL, BB SE TR A AROERR R
GG, ARITR 2 B RS BRI 2,

] B A itk 9 A7 R R B, 25 A S 4 SR ml it — 2
ST (DTGB B SLT5 Y KU VRORESES B H AR A
MR R Z & PCR P RS B SRESEA
THAEL IR, F56 PCR W% A% 2587 i S i fL P S5 REER 58
BRAE o X —FE A 15 = T Y R iR T R,
— HIRAEA YR 5 T8 BRI RE, 18 AUREAR (F) 28 X5 4,
MR . Bk, FESEBRRI A 22007 46 R T 4
X HEAE RN G B A X RRPEEUX , 38X, =5
KRR A ES), BLA A IR Sk . e B B Sk 228
JR T B (A BH P 3 BT R AR X R ), DA A B B AR
T Y BRSO R B R A I R A M L, 2
ST PCR 1943 5055 e [R5 3 A 28 40 T 52 i,
T EHAE, WERRT Y 828 5 RS, X
2 A E G PR A 56 o BE A S RE M BRI Z — (2)

SEBRAEA AR, BRI A IR TR L A IS i
KW ¥ 0157 1Y kv M 4% & 2 B A% T JL i B4 #k
(90.9%~93.3%), M S5 R AR EEAR S F AR T | TR
PRBGS R R T S, SR S SR Ak A F A T
GORM AR 35 7 B A SR TESBOWTE, KRB ER
£ U5 SO TR W P R R DL SO B, LA 4 2
i T RO (4) R A AT B T Al A R, W
Al RV A T8 R A R — 2 D) S
DL BB s g RS RBR, S5 S ol & %k T R Ak T4
EE X B S EUN 2 X5 Y KU, Al 4 H SRR
5] R AR R AL £ 55 B B Ak 7 SR N T ARE ST X
LBRFEA KT INAF A R W ), AT AR R IR U %, A
FREURRRIIN 1~2 5 AR, d s — LA R 5
SRIRAEE N, AR A3 0 o 22 v XU £ W O T
FOSEAR, E A B 2 AR R IR A4 REARE I
PE, ST A 52 b P RS I RE

2 bR, AT AT Luminex xMAP AR
REARR 7 P v EOR R 2 AW ik, Zotksett
St PR FRCR R4, AR T AL SRR (1 kAR,
Sk B VR B0 A A PR VRS IR S T T AT IR T R
Zr ST S A, ACEE T IR B0 B A Y
Rbfse, AN EMZ 2P BRSO K& A3 T4
N A BRI T AR S, A EEREAME S
SRR o Ja g AR, AR T Z
Ty I R S, S U SO0 RS I B R Ak
S R IR S S IR AR B 5 He S
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