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Abstract: Two rapid detection methods for Salmonella in food were established and compared using recombinase-mediated amplification
technology. The primers and probes were designed based on the fimY gene of Salmonella, and the amplified products were detected using the
fluorescence method and lateral flow strip method, respectively. A recombinase-mediated isothermal nucleic acid amplification method was
constructed to verify the specificity, sensitivity, and detection effect of the two methods on artificially contaminated samples. The two methods
constructed in this study were operated at a constant temperature of 39 °C, and the detection time was 30~40 min. These methods have good
specificity and no cross-reaction with other common food-borne pathogens, such as Escherichia coli and Staphylococcus aureus. The sensitivity
of the lateral flow test strip method reached 1 pg/lL, and the sensitivity of the fluorescence method was 10 pg/uL. The detection results of the
artificially contaminated samples were consistent with the detection results of the traditional separation and culture method. Therefore, two rapid,
specific and sensitive methods were established in this study for the detection of Salmonella, which provide a confirmed reference value and data
to support the rapid screening of Salmonella contamination in food.
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HZIRFEHIHIY 3R (Nuclear Acid Sequence-Based
Amplification, NASBA) MAHFEHIATAHARR, Hrp
PCR KATAERARRBIE S, MAR, SAMZEAMK
AR AT IT DNA XUiE, FEERS% H B Stk
FEFEHUX S 5E R LAMP BAR R AE 2R 461F (65 C)
TR, TERTFZNEIY, WEIPs R,
FER, § =W G, NASBA HiARY 1=
YIEEONHEE RNA, TE5 1 RNA b A MR
#, (HIPEE RNA PR 5 E, JCHAZ T B b
BRI B AR . AR 514 (Recombinase
Aided Amplification, RAA) iR & —FhEE iR IRY 1
PR, AR (0 37 C A 42 °C) B 15~
40 min BIAT S A0 AR B 188, RAA HR 1
738 [ ) FH A B B R R R A, 5
MEEGTEE G, BEVEBIR FE 55! KL
IERE D IRIAZER, BEESE AR T S0 B e RHRE S
AU IR — D B e, HEARHAEE G SEE SIS
M, 51 3uiiERR, BJSE DNA SEABEIIERT
SERAT R, RAA HOR I 1 Py n] il B i
ol 7 QN 25 21 IR 1 [ 1 a2 S i
AP, B AR R R GE T T VR, (AR
BLAE FR VIR AT Ak Sl S8 7= s SR 2 e TR
WTHREE S ERET, IR ORI B8 34758k
558 EE ARSI s M M IR AR SR T BB R 8 5| %L
T ARIR R TSR 2 IR, EAERE, (HFEE e
VAT IE AR, R I PR R R R0 R AR AR
% FrbikE T, RAA A B AT RS T
R AR A2 —, B2 BT 3R R
SR AR AE RIS, JCHE TR AR
Bk = O3 2 S I BRS04,

H AR RAA KD TG 16 72 2 2 A invA
B (R2EEE A ERD NEER, HANTFBLIBE
R VRN R ARE R R 2, (R BRI
I TREES 2, T TREMKEZ, RAA
Rt A Z M, AR T IRE R R M B
A fimY LB RAA SIFIERER, R DOCIRE!
TR E AT R AR S X i 18 = i AT S 5% ek
W, o3RS RIS . VDT TIRE RAA Al
ik, FHHCRMR AR . RBUERN 5%
VA BN T =y soal A RV S = e G N g e S
FhILT BB T 38 B AR B PO AT I 77 32 AR sk
A AT QTR () PRI R ISR AL S A TRt AN £
S
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L1 AR5 A

B : AT RT BRI 10 #k, b 3 Bk HAREA
FRERAGZEV TR (Salmonella typhimurium CGMCC
1.1174) Jpib ITIRE WA 2 135 AL (Salmonella
enterica subsp. Enterica serovar Typhi CMCC(B)
50071). HARIEI15GFEVDT TR (Salmonella paratyphi
ACMCC(B) 50093) i H [ Tl A A= i R e
Gy HAR 7 Mo R OR 17732 45 IGER (Escherichia
coli ATCC 25922). 4% ki# (Staphylococcus
aureus ATCC 25923). 1% 4H il 38 A& 2= i Ky I B

(Listeria monocytogenes ATCC 19115) . K275 K
0157:H7 (Escherichia coli 0157:H7 CICC 10907).
RIMMSRE (Vibrio parahaemolyticus ATCC 17802).
BRI 7T B (Cronobacter muytjensii ATCC 51329). i
FEZERUATE (Bacillus cereus ATCC 14579) WHE 1L
FEHEARA R T AR A RIS R TR R ™
i SISO U £ AL IS T 9 BT B R R

g1 g 5 (A 21 DNA 2 B R & . W B B

(50 mg/mL), RIEUFHARATR: RAAKIRY
BRAIE (DOkIE). RAA Y Hkm & G4tk
), LA RER AR AR A F]; HybriDetct 1
MFRRARS, EE Milenia A M. &
HRoK. EFREE. BRRGER TR, bbbt
RAWRTEAT] . 5 BRI 5 ST, H
Tl g N L5 3 rb 1] BB BIRE i o

12 N&E5%4

ABI 7500 S5t E & PCR 1%, & Life Tech
/A#]; Ultrospec 2100 Pro g5 FEAY, & GE
3]s Mini Spin /M & & 0L, 42 [E Eppendorf 2
"l LRH-150 A4k 5746, bilg—fEAH],

13 R FE

1.3.1 HEAIERA mH DNA IR

BT AR 22 PG TG AL, 36 CIEIRRE IR
FEhEETE 24 h, PRELRVR R RE IR AR, 36 C
R 7% 24~48 h, McHHAN 2[RI 20 DNA $EEHUAF S it B
P AT IEHA] DNA $EHL, SRR ER (1l 4
Kl DNA FE, $EEUS ) DNA R 7B Ek-20 C
TRAFEH - BREUEALJS B VE R 28 72 %%, 36 C
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BrF% 24, ] R B S o
132 Fl4RAHRT
£ NCBI 4l PE b A )70 1 T IR B B8R A fimY 2k
(Genebank M90677.1), #it- RAA FEIE5 41
PREF o DGV FT R BRET 75 75 A (148 N — /> DU S Wk
(Tetrahydrafuran, THF) 2[4, THF {7 s #0053 il AR
LRI ] FAM FIECKEER] BHQ, REF S5 5e e
IR, THF AL — 2B, KR

PIEnm RN . A AR ARSI E TR B I R A —
MFscAEYz, WEF EFEbRC FAM ZH7], FAM %4
& FAM ST R A SR 2T e 2 51,
FERAG LY BUSE, AMEAmc i S = ps e vk
SRIGTE RTINS, Wi B RE R AR 5 T U 4%
2. BT 5IIREREHS i A T A TR AT R
ARG, PN 1.

=1 SRR S

Table 1 Sequences of primers and probes

AR A3 (5-3")

F-fluo ATATCTGCGGCGTTGGAGAGTGATAACGGC

R-fluo ATATTAGAGCAATGGAAAAAGCAGGATGCG

P-fluo CAGTCTTTAGCATTTCTTAAACGGCGG(FAM-dT)G(THF)C- (BHQ-dT)TTCCCTGCGTGGT-C3spacer
F-strip ATATCTGCGGCGTTGGAGAGTGATAACGGC

R-strip Biotin-ATATTAGAGCAATGGAA AAAGCAGGATGCG

P-strip FAM-CAGTCTTTAGCATTTCTTAAACGGCGGTG(THF)-CTTTCCCTGCGTGGT-C3spacer

E: FAEGZM, RARET M, PAHIFA, fluo AT ki%, strip A iRgLixk.

1.3.3 #F RAA M F ik ey &

PABRIGZEVD | T IR B EE A2 DNA SRR, 7E 50 uL
BN AR 2 HRBL 2xBuffer 25 pl, 280 mmol/L 2.2
B 2.5 uL 3ER, Xt 10 pmol/L _E R #5141 10 pmol/L
PREFIE AT I &= 38 1. 15, 2
1250, PREHMEAHES N 0.4, 061 0.8 Fl 1 uL,
ik DNA 2~5 pL, ddH,O #MEARTREE 50 uL, i
Tt RAA KHlifA R . b Mg? Yoy B A2 15 20,
Kt 2.5 uL 280 mmol/L ZFREERR I INTE [ M4 55
], o5 SRR B0 05 5 SR RIBA, SR TR .
T S0 250 T BB I %o FR R R 2 O R, PEE
SRR R B . AR =K

RAA Otk NS H: 39 °C, 60s, 1AMEI;
39 ‘C, 455, 40 MEHR (3£ 30 min), HFAMEHLL
EIRIE T RAA MIFRIRAGKIE R NS4 39 C
PRI FR A R 30 min. 3864 F R 22 i 2>
SR 5 %, 10 £ 20 f%. 50 51 100 %, KR4tk
BCE TR, 5~15 min BUH EREWELE R
1.34 4FAMEE

PABRAAZEVD T IR B b 1] IR B A € iy 2
H R RI €00 T T IR =k BAREE AT 1.1 s LR -Eikxs
HE B TR 2ERIZH DNA J85AR, LA ddH,0 fE NI XTI,
SKH 1.3 3L PR RAA Rl 7 E 747 Sk,
P R e o AR 1 S0 E SR I =K
135 REEZER

A FEUD T TR TE I 4] DNA ZAZ RN N
JERAERRUAIE, A ddH,0 BHT 10 1% R5IFRE,
T 7 R, o AIECS B DNA VT R
TR, POtIE DU LY 18 2R A DNA IREE
DIRIBRAE, Tl it 4R 252 LA PR IR P 1) s A 2
(5% DNA MREEAAHIBRAE, FLA PR RAA R0 77
AR RBUE . RBUESEE AT =R,

1.3.6 AMA TAERT R

M HER T SRR L AERS P 2R, RSV
RS FFE WA, JTCRERERRE 25 g FEf, BT
AT 225 mL MR ARSI, BRI AL A%
FREL 2 4y o Forb— {0 RE Sas N BT S0 1] QB B ik
R 0.2 mL /E N N TS b, o — 0 Xt REARE i
FTARE S35 5 5 1k GB 4789.4-2016 HHATRY I, [RII
ENTIEBE 8 h o 2 i 1 /K B R E At e 2 ]
ZH DNA, #%[8 1.3.3 @2 HIHF RAA J7iEdE Tl
1RG0 B IR IS BT LA
137 BT

RAA %tidk: LB R4 18 i 2k H 28 (5 5ia 3
ARG e RER U9 H1E5A 5L (Cycle Threshold, Ct)
INTEET 30, HIENPEME; W0 Ct=40, Hle AR
1 40>Ct>30, NI&EFnl5E, FEHAR.

RAA il itk a2k ik @I AR LSS, (AR H BR
JRABLEARMZE, He AR A ISR TR,
FIE ARANE: o &s R
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2 #R5i1TR

2.1 Wik RAA RN 77 % 09 51

DURRI2EVD I T IR L 4] DNA i, HRIES
S 22 LR 18] B2 5 B RIFEATAAL,
SRR 1, 1T RAA PG 50 pL RN AR FR |
PIREME &Y 10 pmol/L L FUF5I404%% 2 uL,
10 pmol/L #R%t 0.6 uL, 58k DNAS5 pL. RAA il i
ARSI 50 pL [ B4 F 51 R B 25 51
FIE RN, MRARKTINZ CF ) AL (B
(BRI SASI AT, Tf5E N 10 pmol/L ER
514904 1.5 uL, 10 umol/L R4 0.6 uL, #iki DNA
3 uL, P I FIR ISR R 20 i, HRAUKE
TR 10 min B ERSE 5,

160 000
140 000
120000
% 100 000
580000
60000
40 000
20000

1 l Il 1 1 1

2 6 10 114 18 2]2 26 30 314 3'8
W
b 12345 67 8910111213141516

RlERS

B 1 RATEE (a) FRAMMIEBRIKASE (o) SI4HREHE
AEML=xL
Fig.1 Usage optimization of primers and probes of RAA
fluorescence assay (a) and RAA lateral flow strip assay (b)
VE: 1~4: ETF#HIMA 1 ul, K415 514 0.4, 0.6. 0.8.
1puL; 5~8: ETF#5|4%& 1.5uL, #4554 04, 06. 0.8,
1ul; 9~12: ETFa#3|49& 2 ul, #4954 0.4, 0.6. 0.8,
1uL; 13~16: ETF#31404 2.5 ul, #4551 0.4, 0.6. 0.8,
1 pL;
A FE O )RR AR 2% R T FH B & O TR 3 IR
6, HIT RAA TV IR 2R 37~42 °C, &
AR IR ], DRItk ] SR 7K & B T L 7
AT IR ORI PO PCR USRI OGS
7, SERAE R DU Iy G 2 B Ct {H<<30
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JIBAYESE R, AR S, e A ]
K FH BRAS SEAR (R 485 AR L S A G A TR, AH
JSE (1) 25 S 58 DA HE BT 3 1 22 1) s S [) /N -5 1
20 min JyPBHPESE R .

22 it

N FTEESLFIRD RAA KN 77243 B F A 7€
WITIKH . VDI TIRE AR FEMER AR €
WITKE. KA IKE. SO HaERE. g
M AR 2R TRR IR KR4 [GHR O157:H7. EIE I
PEBICER] « BROURT AT B AT A 2 MOATF BAT 10 P B AR BT
DNA B ATREI, eI UE LS L 2, 455
NI TIRE s Vb1 TR A FE S A,
TIRGFEYDT TR = Fhyb T R B AE 2 G 2A I Hh H B
B A B 2R, 7RO il 4R k2 i 26 f.
R ZRIE T T L, FEART AR BRI R Y B 36 h 28 K2
RAGRATIN L, BERAABE AL IR RAA J7iEEE
SR, 5% AR B ARE A X

a 160000
140 000
120 000
100 000 |

80 000
60 000
40 000

T

T

BRI

20000 12 500.005 606
0

DEF GH JK

1 1 1 1 1

2 6 10 14 18 22 26 30 34 38
T4
F G H J K

b A B C D E

2

& 2 RAA L (a) N RAMMIELRIAEKSEE (b) FRMEEER
Fig.2 Specificity of RAA fluorescence assay (a) and RAA lateral
flow strip assay (b)

A ARMESTIRE (CGMCC1.1174); BMITKE &
45 R FA (CMCC(B) 50071); C. ¥ & &4 RVITKE
(CMCC(B) 50093 ); D.XKMi&A K (ATCC25922); E4A#%&
REARE (ATCC 25923); FHAzamiesg A ik ki (ATCC
19115 ); GAMA K H O157:H7 (CICC 10907 ); H.&|7dni4iK
H (ATCC17802); J.Bs4MAAfH (ATCC51329); K43 R4t
# (ATCC14579).
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23 REEHE

BALFEVD T TIRE R4 DNA 2z ik A
[FEZUAH R 100 ng/ul, 28 10 fi RAIFRRE, LA
MRESE, X DNA HEHRIHEET RAA FOLIERIIAT
RAA AR AR, 45R WA 3. S5RBIR%
JGERL DT B REEEN 10 pg/ul, MR
PATIIOTTIRE RBUEN 1 pg/ul, 3 EHHL RAA
M EFRRARIE IO R BUE . SRS FE R EM
SLFBEDI LR SIMRETRLL . Rk RO AE 2T
RZ, $2m RAA ZOGIERIAIN R B .

a 180000
160 000 |-
140 000
120 000 |
100 000 |
80 000

60 000 -
40 000 |

WITE

AN

20000 3 500,007 699
0

1 1 1 1 | Il 1 ST

1
2 6 10 14 18 22 26 30 34 38
T £

JR LR

[E 3 RMTSEE (a) 1 RAA UERIRARSE (b) REUEELR
Fig.3 Sensitivity of RAA fluorescence assay (a) and RAA lateral
flow strip assay (b)

72: DNARE 5514 A100ng/uL, B10ng/uL, C1ng/juL,
D 100 pg/uL, E10pg/uL, F1pguL, GO.1pgiL.

2.4 AN TAHERT I A 5 H A

PIASEE (PL). ZEXSPT (P2). 4+ (P3). B
Wi (P4, AL (P5) AFES, SHL 2 Gt T,
Hrp— iR K R IR E NN LTS
PeBEi (Sal), Bt AXTIRAES . MRS RAR TIEK
PEE FbRERA TR, FRECHUE B 8 h 5 S B
PRI LRI 2H DNA AT HIFP RAA J7 1540, 453
DL 4, BN T BRI AR A B B
2k, AN EAGILE PR, X HERE S G A8 R B 1
Pkl RAA J5 ik 516410y B IR ki 285 SR LU,
% 2, GEREIR, AHFRESHPIR RAA K TES

LG0T T 7 B R A6 BN V5 e i vb ]
QTR BHE, S RERES VDT T IR B, A dllah R —2k,
{HIF] PCR HAR—#f, RAA HIRTEY 1 DNA Jy Bt
FEFW VA G APEE, SRR Rl AR
K, B 28 38 B D BRI B e AR AR 2 5 1 R AB R
TR REER B M RAT AR, W5 N5 0% FIH

H T A R 25 3 A e T AN IR o G 45
a 160 000
140 000
120 000 A
100 000
80 000
60 000
40 000
20000 |-
0

BRI

T

FGHJK E
1 1 1 1 1

2 6 10 14 18 22 26 30 34 38
fia ¥ #
b A B CD E F G H J K

JR AL

2

B 4 RAATIEE (a) FRAMMIESRIKASE (o) MATLIS
POES
Fig.4 RAA fluorescence test (a) and RAA lateral flow strip test
(b) for artificial contaminated samples

JE: A~E: AT F#AES P1-Sal~P5-Sal; F~K: stREAf

P1~P5,
2 Hmthib I RENIZER
Table2 Detection of Salmonella in samples
#5  RAARKE RAAMGFRRALE Eifk

P1-Sal + + +
P2-Sal + + +
P3-Sal + + +
P4-Sal + + +
P5-Sal + + +

P1 - -

P2 - -

P3 - -

P4 - -

P5 - -

iE: Sal AALFEITRE GRS, +A% I TRE, -
AR BVTTRE.
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AT DT TIRE B BE A fimY FEREA H AR
R, WTHRE MRS I ERED, 57 T PRIFVD T TIRE RAA
R 775 o Ferb SR A TR SR AE 39 “C 4%
PRI 30 min A4 RIVTSERLG, MRl 4R A& AE
39 CAEEEFEAE TR 30 min a4 it ik at sk
10 min ] SRASLE B HF AT Eos AT VR Sy BT
MR AR AR R ATIAE] 1 pg/ul, Ftik R BUE
N 10 pg/ul, XN T35 GeRE fh ORI 25 SR 545 50 55 28
B FRIER A R —5

SR, RAA HIARNEN—FIHNEAR, KRR R
5, BT A s 7 B SRR O 5B, RAA
AR MKEEZ IR e i i Fe,  Bg2asmIm et
JE Fim e R RE S RS RAA SOV, R RS
R REEISAT SR B — M R, S, T
P14 RHAE T PCR BARMHER, RAA HARMP
P AR RO, RIS R B DA SO
FE B 2R I R] L IRARSRAG LRI IR R e A
S DNAWRIE, Xhe s AR ZE A RELL PCR 1)
SEEOREL; =, HArEL RAA HEARLHM
SIPHREN T T, W 75 DIBIUE B R 4
By, &5 RAA HARFEAMMBAT SRS, Hidid
KA SIS IEE 5 HRET I S BRI FH R, RIS |45
FHEHRZBOR I E S A S —; 5800, A
WA, Jasn] BATH &M RmiRalsk, TER 0
WM B eSS JE RS, RZR I 5 T T

gE LR, AFFICESTHIFTR RAA AT 7E R
FEAEEIR (39 °C) NHMT L, TCFRAEHE N AR
Be, M4l T AR ISR . AR [A] A G o B R
FRER H AL R 4%y DNA $2EUS 1) 30~40 min 4
iy XFE A RYDT T A PO 7 VAR R A
S35 78RR R AEIIZ AN ST AR I H BRI T

Ol T i, FRREEYSE. ShYR
B S RIS, ARSI OREORT-BL
RRRANBTTEANA R, Sy B8 BRI AW o R 52
B EBOARAT BIEN IUERE . PR A IR 2
TN

B I AR

[1] Thames H T, Sukumaran A T. A review of Salmonella and
Campylobacter in broiler meat: Emerging challenges and
food safety measures [J]. Foods, 2020, 9(6): 1-22.

[2] Domesle K J, Young S R, Yang Q R, et al. Loop-mediated

346

(3]

(4]

(5]

(6]

[7]

8l

(9]

[10]

[11]

[12]

[13]

[14]

isothermal amplification for screening Salmonella in animal
food and confirming Salmonella from culture isolation [J].
Journal of Visualized Experiments, 2020, 159(5): 1-14.

22V RG, ] S5, B A 2 Y SR AT ERR Y BORTE
£ b 2 AR AT D P[] 6 i 5 P 1011, 2019,45(14):
233-238.

Waldman J, Souza M N, Fonseca A S K, et al. Direct
detection of Salmonella from poultry samples by DNA
isothermal amplification [J]. British Poultry Science, 2020,
61(6): 653-659.

Gumaa M M, Cao X A, Li Z C, et al. Establishment of a
recombinase polymerase amplification (RPA) assay for the
detection of Brucella spp. infection [J]. Molecular and
Cellular Probes, 2019, 47(10): 101434.

PR 22 e, 22 22 A LIRS e R S A £
A e AT SE P 9], FE i 22 4 A I 27441, 2018,9(9):2063-
2071.

LI, F R AR A ARG T BB B AR 5
A= RaE AR F S FH R R [I]. o [ AR P R A 2021,
41(6):45-49.

Ma B, Li J L, Chen K, et al. Multiplex recombinase
polymerase amplification assay for the simultaneous
detection of three foodborne pathogens in seafood [J]. Foods,
2020, 9(3): 278.

e, B 1) B, SR R 5 IR SO - RPA Al BT
FeERE[I]. & i Lol RHE,2018,39(7):329-334.

e O JE R AT LR, A A SR S g 1R o M 5 5 5L
JRAMR AR SG PRod A <6 3 (AT & BR B [J). B b 7 S50
%.,2019,40(1):168-172.

Liu S Y, Geng Y Y, Liu L B, et al. Development of an
isothermal amplification-based assay for the rapid detection
of Cronobacter spp. [J]. Journal of Dairy Science, 2018,
101(6): 4914-4922.

Geng Y'Y, Tan K, Liu L B, et al. Development and evaluation
of a rapid and sensitive RPA assay for specific detection of
Vibrio parahaemolyticus in seafood [J]. BMC Microbiology,
2019, 19(1): 1-9.

Hice S A, Clark K D, Anderson J L, et al. Capture,
concentration, and detection of Salmonella in foods using
magnetic ionic liquids and
Analytical Chemistry, 2019, 91(1):

recombinase  polymerase
amplification [J].
1113-1120.
FMPELL, 5 RHE, ZRIR 2% 5. 1 A B IR SRR AE A T
W P8 9 R [3]. £ i 5 T 101, 2020,46(24):265-
270.



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.3

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Fan X X, Li L, Zhao Y G, et al. Clinical validation of two
recombinase-based isothermal
(RPA/RAA) for the rapid detection of African swine fever
virus [J]. Frontiers in Microbiology, 2020, 11(6): 1696.

B BRI kNP A S VA TS A
JtR <R P B BR A [3]. P BT T AR 9% A 6, 2018,41
(5):314-316.

R R BT 5K bR, S5 I L T K R ST B R 2 Rl 2R
P3G B AN L [I]. TR = %2,2019,31(7):653-657.

Choi G Jung J H, Park B H, et al. A centrifugal direct
(direct-RPA)
microdevice for multiplex and real-time identification of food
poisoning bacteria [J]. Lab on a Chip, 2016, 16(12):
2309-2316.

TR, T, RN, A AL S S SR R
FRAGR AT G T VAR S LA PPAR [I]. o [ L JOs e
%%.,2019,31(5):468-473.

R IR, FNBE R, 55 i 2t i 5P L T S ¢ ' T 2 g
IR R AL IR R 70 N S F 9] i AR 2
#£,2020,32(5):524-529.

Zhao N, Jia L, Che J Y, et al. Novel molecular marker for

amplification  assays

recombinase  polymerase  amplification

RAA-LFD visual detection of Cynoglossus semilaevis sex [J].

Animal Reproduction Science, 2021, 226: 106713.

25 4% B R g A ARG IR S Y S BORBIT STtk
[9]. )7 55:2%4K,2020,36(3):522-532.

Wang W J, Wang C G, Bai Y, et al. Establishment of reverse

[24]

[25]

[26]

[27]

(28]

[29]

transcription  recombinase-aided amplification-lateral-flow

dipstick and real-time  fluorescence-based  reverse
transcription recombinase-aided amplification methods for
detection of the Newcastle disease virus in chickens [J].
Poultry Science, 2020, 99(7): 3393-3401.

BEEER, TS, B, S AR SR ARAE B IR B R
T IR A R (3] & i b ARH7,2019,40(7):362-367.
XL KB 2225 55 001 IR B BR & Mg R 77
VRS BN F 3] & S RH#,2019,40(2):298-303.

Hu J Q, Huang R, Sun Y T, et al. Sensitive and rapid visual
detection of Salmonella typhimurium in milk based on
recombinase polymerase amplification with lateral flow
dipsticks [J]. Journal of Microbiological Methods, 2019,
158(3): 25-32.

Zhao L W, Wang J C, Sun X X, et al. Development and
evaluation of the rapid and sensitive RPA assays for specific
detection of Salmonella spp. in food samples [J]. Frontiers in
Cellular and Infection Microbiology, 2021, 11(2): 631921.
FR7K R 0 T3, X, 5 R 2 SR A i R AR TE VD T T IR
A DU R FR EF [3]. B il 22 4 5 R R I 24 4R ,2020,11(1):
3422-3427.

Li J L, Ma B, Fang J H, et al. Recombinase polymerase
(RPA)
immunoassay for rapid detection of Salmonella in food [J].
Foods, 2020, 9(27): 1-12.

amplification combined with lateral flow

347



