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Research progress on rapid detection of pathogenic microorganisms in food
by microfluidic technology
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ABSTRACT: Microorganisms in food, especially pathogenic microorganisms, have caused serious effects on food
safety and human health. In recent years, the occurrence of mild and severe infectious diseases caused by pathogenic
microorganisms has attracted people’s attention. Hence, the realization of real-time analysis and detection of
pathogenic microorganisms in food is of great significance to ensure food safety and human health. As an emerging
detection technology, microfluidic technology has been widely used in the rapid detection of pathogenic
microorganisms in food due to its advantages of miniaturization, integration and automation. At the same time, its
high throughput, high sensitivity, high portability and repeatability detection also show great potential in practical
applications. To this end, this paper summarized the advantages and disadvantages of different types of materials,

including inorganic, polymer, paper-based, composite and hydrogel materials, as well as their practical applications on

is HEA: 2025-06-23
F—EH/BEES: WA 1988—), &, Wi+, JRl, EEMRH 1 NEFKRTFE AR . E-mail: GaoRI2025@163.com



LERE Ul

P A, A IO PR AR RIS I L A o U A M 107

microfluidic chips, secondly reviewed the application progress of microfluidic technology in the detection of different

pathogenic microorganisms (including bacteria, fungi, parasites and viruses) in food in the past 5 years. Finally,

summarized and prospected the shortcomings and challenges of microfluidic technology in practical application

detection, aiming to provide reference for the development of microfluidic technology in the field of food safety testing.

KEY WORDS: microfluidic technology; pathogenic microorganisms; rapid detection
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SRR — IR . ER AR SN,
WA WS A B OE H A BT Be s 5 R MR g N, AT
SRR A . B N B
1L R B 3% 22 O DR AR TS e, TR A ) 1
S EIREAAREEANE, FENREM 18R R
BT, REFERERIEEN, XT3 S g et 505 19 TR B;
IS W ARG T W ROR, ER 80 R SR i AN T
PRAPS X A2 (e i ™ S o DR, o DR AR W A b
TR ) 65 A X PR R 4 A VB Y BB TR YT &
KHELE,

1% G5 1) 15 3% 32 A1 B 4 Bl 4% 2 1V (polymerase chain
reaction, PCR)AF J5 X F Rt A i (R A 43 B A2 A E SR FE AT
PRI, HEEG RS SUBGY, XFHEAE N DL BE Bk AL
U0 M2, S (A AR AT SR R R AL s I it
YR A B AR o ORI AR — A EROR ST B 1
5 A AR I — TR U AR, R A/ N G AR R 2
WRRE, . Rk B0 SRR T R
TR BN, M 8 2R w5k A 5 U0 o Fs e AR AT
PATE— BB b SEaAe S A3 il 4 B A B Rl A5 2k
i, DRIk, B R o A g a0 MR TR G 4
A, MREEABRA ML £85I a8 sifbE S, &
SEARTE T i B RN S o [l AR B AS R R AN

B P, BUAREA R PO A M L R
HERPE ARSI S5 2R, HESh 16 b o SR AR A I 1 AR 3
FHEEA Gy KRN,

AT AR RH 8 15 2 A OR A B AR R
H B T 5 AF AR RORTE BORTE B ah o I Rl R My s
R fre o L P o o 4 T Bt P B AR AE S PrAG
PAAER A L SRS R R, BENMREEAR R
oty 2 SR I 5 T ) e S B S

1 RS RO

SRS i v = R o (b A R N e R e R
TP AR O . MR R GEAk, $2
TR IS R AE N L RTEE AR R AR A A
PENH ARSCEEANE T IHAEL, REWIRRL . 4RRR
S A MM R e MR P B ARG (R 1)
1.1 FHl#s

B BB R R DL R A SO S R G
HUBA R, FIFESC 2R 2R, o] DLTES 20 45 s
KR RS REM R R i e e tE AL 2e a4, n
JIANG ZEWIIRE R Rbhkh e sr T — b 5 s it 1
PCR RS T KA A R G 8 o bt R AT 1 S vk it
—ME T PCR #HEIH LR (L, f#if5 Tag DNA T
A TS R R IR R TR R A PR R R ROK . (R

F1 TEMRESRRBRER R

Table 1 Advantages and disadvantages of different microfluidic chip materials

BRI e A S50k
ik T T LR, R . EEIE R Bk . Bme. A [13]
TEHLE R 7 TR . R . & N .
B @m@%‘m““gikﬁmﬁﬂ PRI TR [14-15]
PDMS BEEPEL B  JoEEE L HIE AR RMEKME, w2 [1,16-17]
PMMA BN . AR, ST, AT i 7 A P e 2 [5,18]
REVIR PC PUMGREE RS . BT SRR N TIRER  [6,19]
BT . ARV 5 AR A AL o
coc - A [20]
AIEA R TEAT AR . T S A PUMER 2 . 5 2 R [21-23]
a4 hhk JeHtik LA PEREIE R . TREZ AR T2 Ze RS [24-25]
'S 1 23 - 7k 4 A
KEERCHEE st 2 — ey T EIRERERUIOKEE 58 BB 26271

RBAS  FR BB R i

e B L SUBE (polydimethylsiloxane, PDMS); 3 H EL V4R H IR (polymethyl methacrylate, PMMA); HARERE (polycarbonate, PC);

W12 B Y (copolymer of cycloolefin, COC).
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TR 5 B | 8 AR FIAVRES S S e s B ) 1 et — 25 R J
PR L A9 6 R, drT LUE Bh 2 M 2 bl it A7
TIREZ . HeAh, BEIE 5 TR S0, XA e S T
FREM o W LTI O SR, R AHOEZIE AR
— AR e e, BRI AL, g5
SEAER A . SE AR R, SEELT R4 s AR 1 4
fo LI FIFR T — R BT 2B ROR 72 E T (all-glass
microfluidic chip, AG-UFCM)#Y#E {15 i K gn i, #H
BT IR AR AR U LAY, LR 720 L s/ hE) 8 Lo
[FlF, AG-UFCM BRTEHIBE /N T 1 nm, BERS T )T
R RGEBE OGBSI 5 U A A A D i X
%) B RG $2 fHLf5 5
1.2 REYImH

REYMBBAL . & FRudh: . Satkar B
Z0p 2 H R R 2 GRS A Mk, W PDMSS
g B B BT AR SRS A ), SR RN SRR,
AT LASE AR [R)38 8 S5 A 000 it [Rles, i It
B RARCATIRIVE R R, O 2 T R
A . MA ZEU92L PDMS SRS —Fisg i A 7
1215 (staggered herringbone double-spiral, SHDS):tx i F
MR DIR T &, SEIE S IR B R AT
P PR AR R BRI o AR 4 e eI vk 8 K P v ol
RIS 100%, AT 1.5 h WSS, Kb BRIk F]
2.0 CFU/mL. {HJ2&, PDMS K HA @& BEg K, 755 WM
— e G KRR O, B BUHGE E A ST A, S
FrEE 00, Syt JAYAN “:0 3% ] PDMS 1R Ayt 4 bt
Ah, IS B TR B L S B K e, M T —
HA Y RIGEERORES o 456 RMIGERHS 0%
(surface enhanced Raman spectroscopy, SERS)H% A, SZF
TP R AEUR AR T ARG I A SRR A ) KA
PDMS Ak 2% 1 PE A AR T 78 A8 T A i) %o v 2 455 1 e/ s
T, LASRAS HEaf R4S 5 o R R Z o A8 80 00 ke Hh B
9 1.1 CFU/mL. LI %P PMMA SRkl 4 15 4575 %
FESL R AR B (multi-sample  microfluidic chip, MSMC),
G LR PO ARG Y R, TR xR £
R IR AEY) . 2ot b 4 AR R R IXA] DASE IR 2
T 0 P [T AR 00, RS RGO s 1) 447 46 22 20 min BB 4R, A
[ R EREREE PCI™'IH COCPIER AWM B Es 2T
T R il
1.3 fEMHR

LI 4558 A (microfluidic paper-based chips, uPCs)
JEAT AR SR R R R — R R R P SREM L Bt
RS L, 48R GEE S IRA0OEA MR K.
B G S R AR AR A M A SRR A, R T (R
H X A PR S PR A I e i FE 2 cut P T — b

LR F LR Y 1 (loop-mediated isothermal amplification,
LAMP)#il CRISPR/Cas 12a &4t F—1K uPCs. i H
A/NEME . Bl IRDDFERE S S, RRE—K
PR AR - R Al 9 3 BV R S B A 4 B PR R
RN, TR BRI RS R FE 1 h N IRlET
T 5 Ah A FAAE ), R RRSY 1 copy/uL. [RIRT, [
W3R T LATEDR AR EIRUHA R TR AR, LA 8 i R W At
7. SOMVANSHI P2 alERFH] 7 —FisEF uPCs LG
LS T R AT A RN B ZE VDT TR AR S Al . it
FREAHEAER, 1 B AR RRR TS BB A S AR TF1E
M ROR SRR b, SEELT W EfE SRR,
BEIMG 53 B 2 B S B AT AL e A

14 E&MH#

AAMELE LA R RARSS &, WO, AT
RS A SR A ERE . W ZHONG 2R & T—Fh A
KB R AR S AR RS, AL AR R COC A2
1 PDMS fGIRZH K. COC i 38 2 30 2 5 1 BB . [
A BB I BT BAR 08 S AR G T AN 0 T AR FR S P IR
R, T ELR SR AL T B ANVE I SE AR B 3RS R AR
MRABHY PDMS £ 862 W T DL S A b a5 0 1) S AR
o REEE MR, R EA SR EUE . RS ERE
MASMLELS, A LG TR RO R i
FRI IR JRIRIES T . AE, ZHOU PR T —
FiE DNA 4210, LAMP HARFIE2A 4G I F— MR 1 i 4K 5l
O ¥ t5 F (magnet-actuated microfluidic array chip,
MMAC). Zth i 4 R TS PMMA #5450 )2 . e iy
PDMS-Fe;0, F 5 2 FIIEH PMMA-LAMP )W 2 ; ¥
PDMS 5tk FesO, WURLR G i £ th R G HEVZ, Tofs
AT A1 IR Bl B T B e F R R AR T B, E LY
Tk K 20 RV T SEBURE S AR A TRZ2 B 2R 2 TRV . 1%
R TRTAL TR, TR T ARG R A S IR 22,
HA RGP EE .

1.5 KERR MR

IKEERE th T I RAF 9B 3 . 5 T 6 BURMIRRAS 554
S AR T SO T S ORGSR R R R, SR
ULI) PDMS MEHAEL, 7K EERE R R (4 A4 W AR 251
SRR, 43 7K FE A ARk (g 1R e AT e )il B AT T e
f RS, AT RO N R BT AE L (H S R KR I B
JEEAR, AETERORES R B 5 7 AR 5T, Bk, 7
T A8 0 22 I R K BRI A LRGSR B . ZHAO 210
3 TE 28 SE R A AEE DR P L 45 11 T B RATHL
PR BE K BER O AR o S R EEEEPAIT, &
RIZ VIR G A B T 82 3 RIGAT 3 Aa R 2R . IR,
20 S €8 5 R N R AT IR 1 M S A TR T —
Rl A7 2 Dy vk, ATk 3 BB H ALY H i . XU 2T
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AL —FhEE T HERR A DNA FREH 9 XU S SR UK B S,
A FHWER 1A DNA X /K BEE ELH IS B9 R FF I Re S Ui,
FHl IR G HOARTEARAT T, RUF SR 2 PR A
AR, SCATRLBEAT 2 H RS 00 20, Aok 1 B PR
4R

Li BRTIR, BORPEE R MRHE T g . B
BRI BIE R R G . AREA S PR RS 5 BB T,
(AT RO 5 B AE S THAS I R AU M AR 1 . R
JEASTAZ B Wy [a] A 00 7 T B e BER 2 4 s o AT R
R RLFHoR, 45 A FRHREPE CIDE2A P B L R ko) AR
BRI A BB RIS RE AL, AT 2 314 A1 5 i A6
MEER

2 RURIERRE R M P R R A
HI M A

FUHT, RS- AR B F5 05 A o 09 4% G Dt i A P A )
Tk, BAREOARSEN, BRI RBUENR . SRR
LA S 2R A IR, ELVF 220 U W AT LATE B SR BR 5
HEAE, (RJEIE SR B R IR LA ) P A AR AT 2 S AR
A RSEAGHIN 5 T R EL R BRI . IR BARAE S — T
A AL A S LR IEAR, 45 & IR IEH
PCR 4" 41 B G e R 5B AR %, S S Il A 4y gt
Kl A 207 . 3 2 B3 TR 5 AFRURIEBORTE & Al P
AN IR I ol B G v B BF S R

R2 ORI RORTE R &t AR 2B R M 4 ) b B

Table 2 Application of microfluidic technology in detection of different types of pathogenic microorganisms in food

A e LioallEs# N 6 0 s ] 6 4 B E = DU
KIGFH TR A A% I <60 min 2.0 CFU/mL [36]
AT FT RAA K ORI AL EAS <120 min 130 CFU/mL [37]
] 2 {1 PR AL R 4CFL/PDMS TRA R I AR A5 Jds <20 min 10 CFU/mL [38]
I TR TR P BRI 4% <5h 50 CFU/mL [39]
KIGATH _ i s
W RUTIICT ;E%ﬁmigiwﬁ%%@ <30 min 120~250 CFU/mL [40]
S WO TR o
S E O E IR
ﬁ%%ﬁﬁlﬁ%& HF LAMP () DMF its i <50 min 100 CFU/mL [41]
il KIGHFE
PO AN L A 2R TR TR
KIGHFH
=H ;ﬁ?gﬁ X SERS fift ¥ 1% /& & <25 min 100 CFU/mL [42]
AR SR
LTI B HT T AR s ) o i <5 min 10 fmol/L [43]
MAGFED TR .
ééﬁfggiiﬁ\ TR 2 2] H4 58 W DMF 7h 63 CFU/mL [44]
IR ZEFLFF TR
m§£%%§%%@ AL 2 R A s <20 min il [45]
FEEJLA TR T LAMP AYfc f e <45 min 10 copies/uL [17]
NN PS8 FU-B, HL AL A TR A A W 1 R ENTL] 1.5 pg/mL [46]
R WM Z B
ﬁi;gi@: CRISPR/Cas 12a i ¥4 W) 15 Ea <40 min 1.4~3.9 fg/mL [47]
I8 4025 Tk 0 R s e
SRR R AL A B A A A R <40 min 5~10 oocysts/mL [48]
5IE 0 Tl A WA R <15 min 87 fg/mL [49]
R SRR, B N s b A .
gt I S HE N LAMP S 45 A6 <40 min 1.0~10 pg/mL [50]
A B TR T LAMP #:0 <30 min 1.0 fmol/L [51]
TR N’ TS YR B 4%/PDMS (8 12 <35 min 200 PFU/mL [52]
Tt SR Ak 2R OR A A 1% I <30 min 0.16 fmol/L [53]

VB T4 B4 B Y18 (recombinase aided amplification, RAA); FUFHif 1% (digital microfluidic, DMF); fk T & (fumonisin, FU).
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2.1 ZHEEN

20 DA 2 D AU R e L, R TR A R T
1 B BEAGTE, BRI IR P (AR K
FFPA . VDT TIGPE . 4 o8 €04 % BR VAP0 BEAZ 200 G A 2R 4y
TR S5 20 T ) B AE S8 6 211 5 B A DGR Fl 4.2 T 515K
T DRk, At O A A A B B A T A AE
B, XING 20514 7 —Fh LA PINPs 11 1 48 A HUHEZL
(Pt-PCN-224)/E A5 SR AE, Pt-PCN-224 HA I E Y
fifi(peroxidase, PODY#ALIEME, H.2 TSP M EM; Hit
TR T T KRR e s A e s . sz, o
BIKREZR A P-PCN-224 #EATHUIARME 15 2] MBs-Ab, I
Pt-PCN-224-Ab, . Bl 45554 FR 1) MBs-Ab, . Pt-PCN-224-Ab,
0K o A A 5 S TR B R AR ot i, A5 3 e 0 5 R 1Y
MBs-Ab,- KT B 0157:H7-Pt-PCN-224-Ab, Z54), BEZF
FHANES RGN 2 G PR B B s AR &, e & B
JEEY) 3,3°,5,5- V0 B LB K (tetramethylbenzidine, TMB)Fid
AL RCE AR = b, R RETFALIC S
ARk, DASEIR A FE R 1 A . 5 5B, sk

YIEIRe B AT MEEF(2.93%x10%~2.93x10° CFU/mL),

Bt FRAIE % 2.0 CFU/mL, ZHU 255855803 T — R B i Jo s
HNIR S B 1 A AL S % L R R TR R (B
YRR 2 mL #£ 5HATR) RS PDMS fifiities, 35tk m
FKMEACSERR B G A R R8T /N AL A 1 3 1 i
ol v AR AR 2 M1 PR T o )R 48 X S A T e
RIVAT 52 BB S DR A o 32 i 3 4 A 0 % SRt X 1 U
REAS AR ViR B2 1 s i o AR 0 43 8, A BRI
& 10 CFU/mL. AN %P & T — Rl Tl 2 6 sS4
TR, FTSCELYD T R B AE A KT B A PR A
PER . BRI A L BT
IR WCEE o I 8 40 I K R 7 2 T P BB
JLIE, AR A R DA e 2 T A A P ik 7 A K B i
FIVA . A Y AR S5 A T ARG 7%, f5J F ¢
BT T AT ZERERI, DRGNS T AL S
R R LR S RN SR A, XD T R
HIKS R ATFE 5 h 9353 50 CFU/mL., YANG P54 17—
FhH A PDMS WRZ MRS B, AT 7E B0 K F S2 B sk
B JCARICHIAITE 2 . S B —4 2.56 um I
LA FHE AR AN B, 20 B8 7 vk IR 3h R gl AL, FIA S
A B TIPS S AR T T 3 FE L R
R -

UEAh, B 4 K 2 0K B AR TG X 43 196 41 B A BE
PR, Rk, RGN T B i 2 m A SR R B .
Z AN (propidium monoazide, PMA)&—F T X 431/
FEANTA IAZ TR YR, T AEAN T A A0 M B 2 52, PMA 7] LA
SREANEE R R AL A5 A, X SRR ARG, A
SCHGH T A0 A A e AR IO A QI BT T — Rk

T RAA HORBESE TSt i s, a5a ks
19 PMA, 7] LUSEIRE B ZE VD 1) R e . RAEH I
WA, SE AR BN POLME SR, @ B EUPR T
APP 3R] LLSE BB F€ VDT T IR A 5E B 70 B, e B 5 K
BRIV T o

Bl A E MR A 2R, PRI T2 Hinie
JEEERTFF o e PRSI 505 0 B2 . WANG 2510y T
— R4 G LAMP ORI = B Rer e st o s
Z, fetilg it 3 Rt bR B S miek, RG]
TIRINAR 3 B HARANGT . el (T2 A DNA, 55
TETRMEA 5 | WL B O RO i i T 2 8 LAMP 2,
PASERUXS AR WRE sl tP R IAT B . IR VDT T PRI B (0
BRI R R A, A ATAE 30 min PNSERL, A6
RGN RIFF ARG R VDT T RE R RS 120 CFU/mL,
4 # AT ER A G B R 250 CFU/mMLL XIE ZH4F % T
—7ff DMF .85 LAMP #1454, T ZEAM 4 B WL
B A . DMF HASR KM R IE PR B, JCati
BYRGIE | SEFNIRT ] SESMRoTr, R i S A T 4K s
EHURRIZ 8. 1% DMF SR8 10 DROVE, A FHEA
[RIZH B B /K 5 | AT LAMP [R]RS4 B30 X 4 i ik 7 2 & [
AT, A5 IEAE 50 min PIXT 4 FRAH RIS, i BR R
100 CFU/mL,

AR, ZEFHLER ST A TR e MR H AR,
T A SR 8 T A A T 22 o I A= A O T, R
EATAT ARG U . S AN BT 2 O SR
I HUANG S T —Fh T8 BB SR 0 O 7 &
(MaCl4a), % A XF Fr £ B 25 15 B 3 P 1 (asymmetric
multienzyme isothermal rapid amplification, aMIRA) 4
CRISPR-Casl4a HERTE—iE . KA MICIZ M2 /%%, 18
1 2R AT 5, SIS PG AE S 43 B AL
HAMIIEE, #2085 MaClda -5 RIRHNZCE . f#15 MaCl4a 78
5 min P A] LAl ) 4 PSR B A T 25 T R AR,
K HBRAICZE 10 fmol/L, QUAN 25| L 2 ) 3 i A%
FROR ARG, BRI 30 9 EfficientNet-
Transformer Network (TLENTNet)%} 4 R JEI: 0B 04745
TARIE L, WERRRE IR 97.72%.
22 EHERN

R ST, FREHZ N TR OB BN
FISCEEH I AECT R, AR AR R FEA
FNE R BT FIRE 13 3 1) T2k 22— dndeE |
FOREEAR A [ e M EE FE KUY, KRS rh i R o AR i
9o TP B /NG v i e D T o R OO R Sk A A Ak
RS F R o PRI, R D R ) SRS I O
H Yy DHIMAN S5O 77— Rl B b AL 24 o s W 1
RS, HTEKT FU-B, ki, RADEZIF AN 3 4~
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WMEZEABNEACFTHEZOHEE L, K5 8RM
Ag-CeOy 94K B4 Lk 5 2 L AF v M LU 4R & i 1k 22 1 B,
WeoR REE . fJE, F AR B A 5 o AR E Y
PDMS FILHA Ag-CeO, M3 IS HEA il 5 H B AL 2 Gl 45
WH . B, B R EBUR Ab-FU-B, 750 2 T 1B,
RIRT A FE S A F A 2=l i 25 SRR B, 2R s A%
BT FU-B, BRSNS, LA B8 OB el
FU-B, FISCR ER 85%, i H BRAIE i FR4 5 ATk 1.8 pg/mL
7.0 pg/mL. WU S5 RIBEFF & T — i BURH AR R R
AR B B 2 3 (R A% SRR T TR) s A6 0 % B 7 R AR TS
JEBR T R . R B B S 0 FAR AT B X B R
PRSI, SR RS R R R IR A U B TR R
AR L, A o AL AR AT LAYE 20 min P S2ER 5 #h 25 75
O E TE  T B T JE AR AR, A H B A
%24 7.74 pg/mL #1 0.172 ng/mL.

TR, R W8 R BT S SRR
T ICTEM AT G e o MTRENX— A 2, XIANG %1475
T My 3 JEAS CRISPR/Cas 12a R 4%, LISZEIRHEHE B B AR
HEHRENRRBEWN , RS — T HA iR
JNTHREM DNA JPFABEOE RIVE NG 55 S, S—Jrm, Fl
LT AR a7 S A DO B, B T R A R
. &h, BZASENDEA/GEE MR SR+
PISEHNT 6 PP EL B R (R R R A e kil . 55 ESE,
MR A MR R B EARREREMNAS
JE SR ) VRIS 6 PR R A HBRICE 1.4 fg/mL, H.
Fr W] 4 40 min N 5E A

2.3 FEHEN

R AR A (N TP 1 | B s AT e 55 2 %E
PSR | EEFISR S A, AU R A P i BUE R
OEZ00 i35 R T E Wl 20 (4 ST ooy DA N .7 S /X
B I HERR AR A IR AR ] T B R A AR HOAS
AR . CHEN 25905 T —Fh T —Hidb 51 (MoS,)
B ) A0SO G £F (thin-core microfiber, TCMF), Ff4 Hd)
$ATE PDMS il 5 B GOR 00 b R, A A S
TCMF #4751 TR €, )54 TCMF BuRfEA il
SRR B S Y R BRIV, TR SRR o S
IR, ZERARTE 1 pg/mL~10 ng/mL AYAINTE Bl N HA
BRI A, K R 87 fg/mL. WA, CHEN Z:0005 1
T DX sl 2 AR R 0 R, XA 8 T
[ E XoF F 20 | R R AE 2R A AN R [ 3R
JEREH . B0 SERPOEREM TR T KR B b
PUIIRDEOEE S . 454 LAMP, FIT RIS 5 ff A 83t
BATA R RIS R R 1.0~10 pg/mL AYAS HIR o

2.4 RSB
VAR, M TEME GBS L A9 TR PR R S 1 i,

B R (W AR B . & T R BB T 5 0 1 56 ) T AAE
BN R A R I (RGP i R AN,
Sl RBAREOT Ol RGNS R L, RS, &
FURAUK L2, ASH T B bk 0 A 250 [N i,
) AR 92 5 AR X 3ok e YR PR 5 B A T B DR TEAS D 2
ST LU PN T —Fh 3 2450091 4 45/PDMS
WoRiE R E, £ RNA WK, FIRZMRY 1 (recombinase
polymerase amplification, RPA) R AN T —1&, FFH
ARG N 5 A 7 i HP 1 BRUAS 40 B (murine norovirus 1,
MNV-1) %] Whatman No.1 JE4EA 3 7K 3 W fHR 5 RNA,
Rl 5L 2 — 21 RPA RO IX; G R, ZBEEZ
] 0 i) 2 AT IR AR A5 S8 L 1 5 BRI % RGEAE 35 min
PN BITAT 52 B MINV-1 (R g il o [l Bsp, s frds
SRR RERE A P MNV-1 BRI 25 SR R A T, K H B
3 BUEZE 170 PFU/g 1 230 PFU/g, EHZARI 530646 17—
S ERERP PMMA SURES B, IR IE i
[Ru(NHa)e]* 577 HSN1-DNA HZmeiissm st s, %
T8 PCA% R ) A S T I 5 P AR AL A A H A 2 B i
N, SEELT HSN1-DNA 9 Fehric R, PR 0.16 fmol/L.

Zx BT, RUREBARNE S —F/NE | SRR . =
RS A S BB R B AR, &5 R R A Y
BODRE | DA AN v ARSI O TR B BRI &
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