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Rapid Detection of Vibrio parahaemolyticus Based on Time-resolved

Fluorescence Lateral Flow Immunoassay
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Abstract: Vibrio parahaemolyticus-induced food poisoning is frequently reported, highlighting the necessity to develop a simple, rapid,
large-scale on-site detection method to ensure food safety and avoid financial losses. Time-resolved fluorescence lateral flow immunoassay
(TRF-LFIA) was successfully developed for the rapid detection of Vibrio parahaemolyticus, using europium (111) nanoparticles (EuNPSs) to label
V. parahaemolyticus monoclonal antibodies, forming microsphere-antibody conjugations for use as specific immunofluorescent probes. The
intensity of fluorescence signals emitted by the combination of the probes and the target pathogenic bacteria could be detected to achieve
quantitative detection of the target pathogenic bacteria. The TRF-LFIA has a sensitivity of 8.2x10% CFU/mL, a visual detection limit of
1.2x10* CFU/mL, a linear range of 1.8x10°~1.8x10" CFU/mL, a recovery rate range of 84.25%~105.13%, and a coefficient of the variation
range of 2.56%~9.14%. There was no cross-reaction to the other seven major foodborne pathogenic strains. The TRF-LFIA established in this
study has high sensitivity, allowing for simple and rapid operation, and good repeatability and specificity, providing a powerful detection tool for
rapid on-site detection of V. parahaemolyticus.
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Fig.1 Test strip signal detection equipment
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Table 1 The information of three kinds of EUNPs

AR aRinm BENglem’) BEAE%  AHE BILEE(uedlg)

EU100C 100 1.05 1 -COOH 118

EU180C 180 1.06 1 -COOH 140

EU300C 300 1.06 1 -COCH 105

#* 2 HRRRECH
Table 2 The formula of diluent

BTy % ZFikF FLeF FEEARY A Ea Ry KT IKAL A
1 0.01 MPBS (pH147.4) 0.5% TritonX 100  5%i&#EAE  0.5%E&E &40 0.5% PVP 40
2 0.01 MPBS (pH{& 7.4) 0.5% Tween 20 S0iAENE  05%E&EE4hE 0.5%PVP40
3 0.01 MPBS (pH {4 7.4) 0.5% S9 S%iktE  05%EEE G4 0.5% PVP 40
4 0.01 MTris-HCI (pH/{A7.2)  05% TritonX 100  5%:&E#  0.5%8&& &40 0.5%PVP 40
5 0.01 MTris-HCI (pH 1A 7.2) 0.5% Tween 20 S%iEEAE  05%EEE 40 0.5%PVP40
6 0.01 MTris-HCI (pH 1A 7.2) 0.5% S9 S%iktE  05%EAE G4 0.5% PVP 40

1.6 TRF-LFIA 4] &) v b 0 E By 0 e
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Fig.3 Three groups of vibrio parahaemolyticus antibody
combination signal test results
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& 3 BRI EIIALES SNR 4551
Table 3 The SNR results of antibody combinations

A5 BARIR AFITHAR Positive (P) Negative (N ) SNR
1 mAb, mAb, 0.33 0.14 2.39
2 mAb, mAb, 0.60 0.27 2.20
3 mAb, mAb; 0.27 0.05 5.37
4 mAb, mADbs 0.31 0.03 12.46
5 mAbs mAb, 0.15 0.07 2.02
6 mAbs mAb, 0.32 0.12 2.66
7 mAbs mAb; 0.34 0.11 3.00
8 mADbs mAb, 0.44 0.04 10.27
9 mAb, mAb, 117 0.30 3.92
10 mAb, mAb; 2.04 0.76 2.68
11 mAb; mAby, 145 0.60 2.40
12 mAb, mAbs 0.29 0.06 4.55
13 mAb, mAb, 0.51 0.02 27.56
x4 A EHURENREER
Table 4 The performance of antibody coating concentrations
BARE I (mg/mL) 0.3 0.5 0.8 12 14
F #E/(CFU/ML) 200" 2.0<10° 2.0<10° 2.0x10* 2x10°
ALIEA M 2 /(CFU/mL) 2.0%410° 2.0x10° 2.0x10° 2.0x10° 2.0x10°
R? 0.894 2 0.904 5 0.9031 0.887 7 0.8746
5 EuNPs FRICHIEHISE
Table 5 The parameters of EUNPs before and after coupling
AR AR Z-Ave/(d.nm) Pdl AFE A Z-Ave/(d.nm) Pdl
EU 100 C 109.431 0.051 EU 100 C-mAb, 121.221 0.152
EU180C 201.611 0.031 EU 180 C-mAb, 226.813 0.116
EU300C 313.263 0.134 EU 300 C-mAb, 357.251 0.149
E: Z-Ave RmHiR; Pdl A SHEAHK.

0.7 o g
—se— R E0.3 mg/mL

0.6 —— AHHE0.5 mg/mL
o5l JREH 0.8 mg/mL
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Fig.4 Standard curves of five kinds of antibody coating
concentrations
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Fig.5 The signal test results for three kinds of EUNPs
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Fig.7 Sensitivity of TRF-LFIA for rapid detection of Vibrio parahaemolyticus
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Table 6 The comparison of different methods

A A 7 ik RHEINCFUML)  #HFHH Lk

B TTRE T4 5.0%10° BT [33]

XA 0157:H7 e 5.0%10° B"E [34]

EEER HHRE 15 1.0x10? ¥ [35]

PALIIG & B RAE % ek 1.010* #5 [36]
B2 IR B 18] 4 P SR K SR 8.010° ¥ AF%

2.3.2 TRF-LFIA #6445 714
F< 7 TRF-LFIA BN 77 AR5 R N
Table 7 The specificity of TRF-LFIA assay

Vina W 4 AR R I i
1 Bl f b IR ATCC17802 +
2 Q5 INE ATCC 27562
3 TN ATCC 33787
4 FirmiadgA ENAFE ATCC 19115
5 XHATH O157:H7  ATCC 35150
6 BAG W TTRE ATCC 13311
7 eEEFARE ATCC 6538
8 PR IHAT ] ATCC 29544 -

TRF-LFIA XA B AR B P R A R sk 7,
STRHRAE 8 MR, TRE-LFIA X @lvA Mo
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24 TRF-LFIA %} 52 FRAE & 6 o 31l
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Z I8, T ELISA fnllr I, HRA TRF-LFIA
ST Sy 3.4%10° CRUIML [IREAA IS BLH
1M ELISA KA H . EARIE 1.210° CFU/mML I,
TRF-LFIA A REH TIS Y e A, X2
BRI A HEN R FEAR TR AR AR R A PR, X5 TS
IGEER. WHFTIER, TRE-LFIA 7287 FE P m] BAE
Dt oA ot g ot A I PRSI

7 8 TRF-LFIA #&M 5 AR AR R
Table 8 The accuracy of TRF-LFIA assay

KRS BAORENCFUIML)  HyHe AREmZ (SD)  ®=&/% CVi%
2.0x10° 0.19 0.06 86.65 3.23

4.0<10* 0.28 0.01 96.55 5.23

Fl—#kk (n=10) 2.0X10° 0.33 0.01 101.30 256
4.0x10° 0.48 0.02 102.15 3.93

1.2x107 0.50 0.04 10452 753

2.0%10° 0.18 0.01 84.25 7.31

4.0<10* 0.29 0.01 97.11 2.76

REIHA (n=10) 2.0<10° 0.35 0.02 99.60 4.87
4,0<10° 0.46 0.04 101.70 9.4

1.2x107 0.52 0.05 10513  8.94

332



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.1

#R 9 TRF-LFIA 0 EL1SA 3N EIK B Bl I 1 oI 5 AR S s SR
Table 9 The test results of TRF-LFIA and ELISA for samples contaminated with Vibrio parahaemolyticus

. . , TRF-LFIA ELISA
A A EI(CFU/mL)
- R ECE/% MR EE/%

1 6.3%10° + 85.24 + 80.31

2 2.9%10° + 103.52 + 89.75

3 4.3%10* + 91.57 + 79.95

4 3.4x10° + 81.47 - -

5 1.210? - - - "

E: RTBER; +RTEMER; AT RERN GG KMTE.

3 i

AW FEE B HE S TRE-LFIA (R4S 450
RALSLIRSHL, BN 13T R I I PRadAs:
M) TRE-LFIA K000 75725 %718 EuNPs 58 Ht
PRARERAE e S S REL A0 R AR
PR I B POCIRE R E S S b, IXARI T2
ARSI I AERA B . AT SCIOIR IR . 145K
IS RS o 5T TRE-LFIA K772 548 1Rk
AT DML EA ™, (8 T8, IR gt 1 )
AW TN IR 7 B A B R AR, RF
FEVELT DA SR B S e, DA BRSO B
P O GRS IR 71 T
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