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Abstract: Objective To establish a method based on liquid chip technology for simultaneous and rapid detecting of 6 common
anaerobic bacteria in blood stream infection. Methods The 16S rDNA gene sequences of Bacteroides fragilis, Streptococcus
anaerobius, Fusobacterium nucleatum, Prevotella intermedia, Clostridium perfringens and Propionibacterium acnes were
searched by GenBank . After sequence alignment analysis, specific regions between conserved bacteria in the bacteria were
selected as target sequences. Primer 5.0 software was used to design specific primers and probes. After an asymmetric multiplex
PCR amplification, the PCR products hybridized with microsphere mixtures that had been coupled to gene -specific probes, and a
multiplex detection system was established .Then the specificity, sensitivity and repeatability of the method were evaluated. From
June 2020 to May 2022, 84 cases of positive blood anaerobic culture bottles and16 cases of negative culture bottles were
collected from Dongguan Houjie Hospital, and the results were compared with the traditional culture methods. Results 6 target
bands were clearly visible on electrophoretic imaging. When the concentration ratio of biotin labeled primer to non labeled
primer was 4 : 1, the best detection effect was obtained by multiple amplification at 56 “C , adding 51 PCR products and
incubating at 52°C. for 20 minutes. The median fluorescence intensity (MFI) of each target sequence was >1 000, and there was
no non-specific signal. The minimum detectable concentration of the established method could reach to 10°cfu/ml ~ 10* cfu/ml.
When the concentration of bacterial solution was 10°cfu/ml, the inter-batch and intra-batch CVs were lower than 7.38% and

11.10%, respectively. The detection results of 6 anaerobic bacteria in 100 clinical samples were consistent with the culture
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method. Conclusion A liquid chip detection method for rapid, simple and efficient detecting of 6 common anaerobic bacteria in

blood stream was successfully established.

Keywords: anaerobic bacteria; liquid phase chip technology;
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SRR HEAT R IR PE XS L, SR AR e B
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VPR 6 FPARLS A TR MDD I HRET, W3 1.
1.3.2 40 i DNA 2 H: R ] DNA W B+
2% VA Rk FH A H R K AR 2.0 22 FGRE B TR B TR, B
200 w1, MG FEMIR AT BOR A 2 ml, $2 B &
UL PR . AR SO BRI DNA HE17 T i
e B RN I E , OB DNA REARRAELE -20°C,
HERSHT,
1.3.3 A i AR Jr ik () 57
1.3.3.1  fHERIRETAYMBIG . KIS Luminex 2> Al 4243
fC 2 U, A5 R G ARG I ek (29 50 000
ANIwl) , ACHROGIRAE
1.3.32 Z 7 PCR LI : R 50wl 2 W ARFH,
AN TagHS DNA RATHF 0251, 10 x il
(%% 15 mmol/L MgCl, ) 51, dNTP 41, FrifEw
Pk DNA 5 H (9 BE 24 25 ng/ 1) 2w, 6 Fli i
PR EAARFF A LRSI 4 Tl A, A s Fhid
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% 0.5nl, FUFEESMCE M 10wmol / L, A4
FHRIC TS R IE 40 wmol / L, HIE B FIKAME
2 50wl, NS 94°C 1 min; 94°C 30s, 56°C
30s, 72°C 30's, 330 EH; 72°C 5 min, X

ZEREIS w1 9 HEPE Y BT 3g/dl BB MHEERS |-
Wk 90 min, HLJE 125V, EER R RS NSRS R

1 6 TR R E 5| ¥ R R 5t

W A7

PRKE (bp)  ERGHS

B fragilis

Forward: 5’-GGGGATGCGTTCCATTAGG-3

Reverse Biotin: 5’-GCTGCTGGCACGGAGTTAG-3’
Probe NH,(C,,) : 5’-CCTCACTGCTGCCTCCCGTA-3

P.anaerobius

254 25#

Forward : 5’-GACGATCAGTAGCCGACCTG-3’

Reverse Biotin : 5’-AGTTTCGGAGGCTAACTACGG-3’
Probe NH,(C,5) : 5"-GGCGTAAAGGGTGCGTAGGT-3

Fnucleatum

341 13#

Forward :  5’-CAACAGAAGAAGTGACGGCTAA-3

Reverse Biotin ; 5’-ATCGTTTACGGCGTGGACTA-3’
Probe NH,(C,,) : 5’-GGCTTCCCCATCGGCATT-3

Pintermedia

153 18#

Forward : 5’- GATGGATGCCCGCTGTTAG-3

Reverse Biotin : 5’-CATGTTCCTCCGCTTGTGC-3
Probe NH,(C,,) : 5’-GCGAAAGCATTAAGCATCCCA-3’

C.perfringens

130 224

Forward : 5-CGTGGGTAACCTGCCTCAT-3’

Reverse Biotin ; 5’-AATCATCCGCCTACGCTCC-3’
Probe NH,(C,,) : 5’-CATAGCGGATTGCTCCTTTGGT-3

Pacnes Forward :  5’-GATGGACTCGCGGCTTATCA-3’

Reverse Biotin : 5’-CTCGCACCCTACGTATCACC-3
Probe NH,(C,,) : 5’-CAATGGGCGGAAGCCTGATG-3’

452 15#

302 204

1333 P2 kil 1.5XTMAC #4%
B ERG R 1 000 4~ /L A TAEW, RIAS, H
1 x TMAC ¥ SA-PE i B¢ & 4w g/ml. 4238 W 5%
. 5wl PCR #1455 33 w1 (R TAEWRIR S, INA
12 wITE ZZ#hik, 95°C7EME: 5 min, 52°CZ%3Z 20 min
Ja, B25puliR AW A 4 pg/ml SA-PE 751,

52°CIHA 15 min. W 4595 H Luminex 200 7zt
BN HTASRIN , AR AR A A 45 AR R -2
¢ yGim B ( mean fluorescence intensity , MFI )¢ G1H .
1.3.3.3  ZE5LHIWr: SR 4 25 B oKk 3
A XTI, SRR RS T B Ak 24 8
K, <38 Luminex 2% & 42 45 (0 0 e b ofie Y. 2
PELREE L (LQRR ) 48 THES Y MFI (MFIS ) BR
PLZs 6 B MFL (MFIB) , Bl J& LQRR=MFIS/
MFIB., LQRR = 3, %5 HFHM:; 2 < LQRR < 3,
GERRIKIX, T BRI, LQRR < 2, 255 M B4 .
RIGAEHERANECR T 100 SRR T A BT

1.3.3.4 P8 bnic SRR 2258 S5 1k -

FHAXFR PCR 5 k4 B4R 54K B2 ) BL5E DNA,

XFRic SHEbRIC S R L T 11, 211, 3:1,

4:1, 5:1M6: 1 SRS, MRYERINES R MFI
1 LQRR B 2 e fFE M L. 2% 32 A AR AR H5 MFT
FILQRR [LfE, WFE IR R % PCR =P H it

(2 ~ 8pl), Z4%CIREE (48 ~ 58°C ), WA (10 ~ 30
min ), SA-PEREE(3 ~ 6w g/ml ), FEEAFHE( 10 ~ 20
min ) X MFLERIFEM, i BRI R .
1.3.4 WA B Rl R R RETTAL . % 6 PR
PIARE BRI PR S 8 FIHA R AR ) DNA /E24 PCR 471
Bt , RIS FH AR B K AR BT R, R 2 ST )
R 7 e AT 2 A3 AG I, A i B R
BARER R 10" ~ 107 cfu/ml ¢ B 46 B 7 BR (1)
DA, EEXTROAELC R R G B A B A R R
Mo 1EEUA B AP 10°cfu/ml ¥ BE i 3 vk & &0 5 I
FELEATIN 3 K, THEHE N AL AR SR R (V)
B A

1.3.5 I REEASRSS: 4250 Y 84 BIEEAALFE A1 E I |
PR VE R . DR IR e e RN TE PR AR, AN AR
R B, IO B G e A B ES 3R 3 0 A T 4
FIRERFE 1 ~ 2 K, REAUMEACE A WIETE L,
Mg ta . MRS . 4rali, ] VITEK 2 Compat %
GrUrE AN o RIS ECSH P FER R A A T A R AR B,
o ST B R A A, LA A T TR I A5 A
1.4 %itFEadr R CFY9OLE ) HE
+ bRifEZE(x = )FoR, TR BB R B GER R
RIPIFEVIDOCEE R, L] HLRLL CV EFER,
2 HER5HH
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2.1 R pE&ami PG Rk RER, B
TN 56°C, DNA Jii& A 50 ng i, MLHE R ZHE
PCR e [RIAT 14 6 K H G447, WK 1. #x
W SAEFFIC I REE LR 41 1 B, WA RGT
EY 6 R E 1 MFLES{E Ecmr, WK 20 2438
SELL 5 W 1 PCR P24, 52 CIRAE 20 min MifE.

22 EARGRAEMNGFFE., AREFETELE U
20 A ARG AIAS IS F AR A MFT {3478
1000 LA 1, LQRR AL T 3 MW7 BI{E; HAth
EHARER LQRR < 2, TARFFSIEES. 6 MR
AR HBRTE 10° ~ 10%cfu/ml, & BAREF 100cfu/
ml A b B9 B 5045 9 MFT R S 26t A5 A9 4R
KFRHL 7 Ay RIESSIUFT R 0.98, PR ALAERR B
0.98, HE] M & IKE 0.98, EAZRIH 0.95, /=5
JENEM B 0.95 FIHHE N TRFT A 0.98, ULIE 3. #ft
2% F b T VRORG 00 BR PN 9 B 10°efu/ml A7 5 4 1R
¥, #tN CVAEAE 5.73% ~ 7.38%, #tiE CVAEAE

4000 W B fragilis

W F.nucleatun
3500
3000

2500

MFI

2 000

1500

1 000
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1:1 2:1 3:1

B P.anaerobius
W Cperfringens

7.79% ~ 11.10%,

1 M 2 3 4 5 6 7

¥: M: DNA Marker; 1: 6 F' BARIREE; 2: Cperfringens; 3:
B.fragilis; 4: Pacnes; 5: P.anaerobius; 6: Pintermedia; 7: Fnucleatum

B 1 ZEPCR

W P.intermedia
M P.acnes

41 51 61 I

B2 #ricSIEARCSIMIRELL AL

5000 —®— B.fragilis

4500 i —®— F.pucleatum
4000 |
3500 |

3000 i

MEFI

2500

2000 |

1500 i

1000

500 |

—®— P.anaerobius

~—&— C.perfringens

——@— P.intermedia

—@&— P.acnes

Blak NC 10 100

1000 10 000 100 000 1000 000 10 000 000

AR (cfu/ml )

B3 RESHREREEST
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*x2 ZBHREM (10°cfwml ) FESFENNES
" e (MFL) ] (MFT)
T 1 ; ; CV(%) 1 ; ; CV%)
B fragilis 2771 2577 2911 6.09 2771 2588 2370 7.79
Panaerobius 2347 2403 2688 738 2347 2407 2023 9.14
Pintermedia 3533 3120 3412 6.33 3533 3399 2978 8.77
Enucleatum 1386 1560 1345 7.98 1386 1354 1124 11.10
C.perfringens 1832 1634 1723 5.73 1832 1712 1539 8.69
Pacnes 3899 3574 4011 5.93 3899 3697 3298 842

23 e ARAEARAER DLER 3. 84 BIMLIK EE IR
R AIARAS T, A5 58 T 7k S o DR S 3 56 1]
o TR A 3L 32 1], A 4 ) SRR R
TRAEGY, 1 B PIRN R A RTR A B . Hi P il 15
TR DI 12 100 VA 8 77 31 e i 68 5 Ay IR 4 A i )51
Bl 51.3 ~ 96.7 he WAHE R kg 6 Ff HARIRE
WA 42 ], HARGR5E58 15— A
14 f5113F B AR IR S AN 28 1) 75 S0 B R TG S g, B
B 16 A1 BHAE I IR S RS SR A i PR A5 1A
£3 84 il MR EIREPR MM TR AR
FIEERILE (n=84)

DR
s w0
B fiagilis 11 11 (3323+1001)
Panaerobius 6 6 (2289+768)
C.perfringens 12 12 (4706 +2189)
Pacnes 5 5(1389+899)
Pintermedia | 1(1189)
Fnucleatum 2 2(1733+770)
B fragilis, Paeruginosa 1 1(1876)
B fragilis, E.coli 1 1(3077)

B fragilis, Efaecalis 1 1(609)
S.pharyngitis, Pintermedia 1 1(823)
Fnucleatum, Panaerobius 1 1 (478, 1566 )

B.polymorphus 1 ND
B.ovalis 1 ND
Bacteroides spp. 3 ND
Lactobacillus spp. 1 ND
Fusobacterium spp. 2 ND
Veronica spp. 2 ND
Pbivia 1 ND
Bifidobacterium spp. 2 ND
Pmelanogenes 1 ND
Listeria monocytogenes 1 ND
K. pneumoniae 3 ND
S. aureus 4 ND
Coagulase negative
stfphylocoius 6 D
S.pneumoniae 2 ND
E. coli 6 ND
Paeruginosa 4 ND
A.baumannii 2 ND

TE: ND AN .

3 it

1RANETAR A ZE R AT 2 A ARG A
TR DR S0 11 L3 e RS, o B 3 ) B A A
oS0 AR 17 SV O e LN Y R e B ivE o 1 S
WU R, TG DA R B R AR FER K, AR
o, BRI 2 BT WL T I B e, Sk
HIZWHAK (mRDT) #5E XL REGE 1E 1fi 15 77
FHMEIS 24h NERHLZ IR 43+ 7%, a0 PCR, %EIA
WA BEEER ARIF (NGS ) R ks Bh ot i
Mrea & CATH R B4 R ( MALDI-TOF MS) 4§,
PR AL G LI ik — MRA AR AN TS, RENR
ML R A BORT IR, FRAREES P RAS 1,

BT A 0 THI (gPCR ) AT 2 fHEb sk
RBULER, W2 TR AR, (e A
FEIARA PR . fdi ] NGS 8{ MALDI-TOF MS ] X} 4
PNE 22 ARSI (i s e | U (BB S 7 |
B, B U RS N R, AR
FZEIFH R BT R . WA A AR S —Fp A
LR ER S G R PRI ST Z R IE N | 4T
JER AN BB IR RIS R AR, 7R 2R IR A&
Ry L EAG 2 s UYL R, ARERIE Y B A
HENT—FP LT Luminex i RAGZ T v, HTF
[ Fsf ARG 1 PRATGE (1) 6 o UL SR e IR A o
FRZ 5 A6 100 3 m RFEAS, B AR RS #4325 45
RS R R —2, BEMEREBAERS N 0. %
P MARA B R R HL . £ H PCR S B3R A ek
HIZe22 b, S HT 5 h, MHELREIRER 2 KL
ST, S R T DR AR PR AN S e
HZ ko THAE, ANHRERRR NS /e, 77
R B AS L, WA F A 1 AR RS EE 80
okt AR RES, AT A ILZ A Y S P
o WA B & AT AR YRR >R [ 3G B Ar g,
B S AR TRV 5 AT ) R . JAKUB 45 ™ FI] A
A A SR ST — P PRI 7 o A K I J
YURF I Z BRI RS, Bon i et
PR I RORE S AR A S B AS I 8L T R S 7
&, HRIZFSWAEARL  (RERI S F 1%
R
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TETF K 3 M J7 i if, FRATT AT 1 3500 AR 2%
ERAL, DLRBI AR ERE . SE Pt 4G A XT
PREFEY WGP R5 1P He B 5] 918 KR
WIME] . PCR =W 2858551 . SAPE ¥ B2 FIf
/M, [EREERE, AR PCR PR
PR bRiC GAEARIC T P 00 Lo 5 2 4 v T A ARk
R, XA REE KA ) R AL B iE DNA SN T 545
POk A G PR mibnic S 3EbR S 98] ik B2
FOIF AR RO R, MFIEBOR, B e 2 L
{ER 4= 1, B REATE HARF A REIR B IR R4 &
$Eon b U Y U S AN K FR PCR 2K
R CHERFR N, S R I3 SV B PCR =)
2R AL E X ML WAL K . PCR 7= W) HI 4 5
R Z G, # S, BRMES MR, X
RER T RERRMWEYRILLIY S PCR Y
Se RIS SRR R MR (SA-PE) FTE. TiAes2
TR, EARE SR, RS, A ST,
HirE S A RE . AT S2CHRON G, Aeft
TEASAZ SN R 5 A 1 o

AR SCHFE BT G I 22 S8 RS 7 i 30l £ S5 N v
(7 S A6 000 3R ) 22 o PR AU B 2 4 1) DN B84, .
A R RBEE AR5 . 45 AR B’ 100cfu/ml
DL fo e B SS9 MFT (26 (7 = 0.95)
HAT @ B . BT & S N AL
MFI {1728 5 R BRI TE 10% Zedq, (HAUER R
FELE 1000 LA, 33k 26 22 F AN 52 e e 28 1) 45 2R 4]
Wro ABFSE R I FAAE—LeB s . — R T/ IMEAAT
FEFE, AT BRI IR R B . F RN
TS IR, FRARE O T A I Ty vk I 4
T2 MbRA, WA RS, DI, &
R R FRATTARIMNA Y AR IR PRGN 7 128
PSR, T — 2D FA TR A B S
F YOV, A s R . =R A
SRR IR Y 1, A Qe n T RerE, W
XA TR PR ALY

Zi b, MR SR Al R 5 57 0 R S 2 WA A
ZMRER, MELLARIRZ2E IR R, AT
TR T —Fioks 2 PCR SRR S HOARAH S,
GRREERI RS, FFRHZAR ZR AR S50k T
A B RAEAR SR UE , JIESE 13X e — R AT &E | PRk |
R, BRI AR B 7, LASBDRH IR R DL
PRAACHA LR G 12 W f (bR e 1)
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