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A multipathogen selective enrichment broth (SVV) for
simultaneous growth of Salmonella, Vibrio parahaemolyticus,
and Vibrio cholerae

Yiying Qin, Hui Wu, Xinglong Xiao, Yigang Yu, Dongmei Liu, Xiaofeng Li, and Yuqian Tang
College of Light Industry & Food, South China University of Technology, Guangzhou 510640, China

Abstract: We formulated a selective enrichment broth (SVV) for simultaneous growth of Salmonella, Vibrio parahaemolyticus, and
Vibrio cholerae by single factor experiment and response surface method. We evaluated the enrichment effect of SVV by
conventional culture method and real-time PCR assay. We obtained the SVV broth by supplementting the Buffered Peptone Water
(BPW) with bile salt no. 3, potassium tellurite, and sodium citrate as inhibitors, and glucose, mannitol, snhydrous sodium sulfite and
sodium pyruvate as accelerants. We also modified the concentration of sodium chloride in BPW. When mixed at equal or varied
proportions, the target pathogens had a great accumulation (10°~10® CFU/mL) after incubated in SVV for 18 h at 37°C with shaking. It
can also effectively inhibit the competitive microflora. We detected 10 artificial simulated samples and 608 real samples using SVV with
real-time PCR. After enriched in SVV for 18 h, the quantity of the bacteria in samples were above the detection limit. The SVV with
PCR assay showed higher tested positive (4.06%) compared to that of the converntional detection method (3.78%) and there was no false
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report. In summary, SVV is a promising new multiplex selective enrichment broth that can be used in detection of seafood.

Keywords: multipathogen selective enrichment broth, SVV, Salmonella, Vibrio parahaemolyticus, Vibrio cholerae
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b
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Table 1 Impact of additives on the growth of the three target pathogens
Addictives Concentration Sa (%)* Vp (%) Ve (%)
Inhibitors Bile salt No. 3 (g/L) 5.00 32.60 67.62 58.14
2.50 15.94 24.62 26.23
1.25 13.71 21.06 21.62
Sodium citrate (g/L) 10 -0.93 -1.62 -3.06
0 -1.41 -2.89
Sodium dodecyl sulfate (g/L) 2 69.85 100 100
1 69.33 100 100
0.5 67.78 100 100
Potassium tellurite (mg/L) 2.5 65.82 30.96 7.08
1.25 49.42 29.54 9.46
0.625 44.38 55.52 57.43
Polymyxin B (U/mL) 250.0 100 27.52 38.54
125.0 100 20.04 30.10
62.5 100 9.15 16.88
Sodium chloride (g/L) 35 13.68 47.65 100
25 3.61 9.75 29.95
15 0.79 30.69 8.13
Accelerants Glucose (g/L) 5.00 -4.26 -50.39 —42.12
2.50 —4.15 —42.23 -30.41
1.25 —4.02 -38.45 —24.65
Mannitol (g/L) 5.00 -20.15 -25.28 -26.07
2.50 -15.32 -14.31 -13.28
1.25 -13.09 —-10.20 -12.42
Anhydrous sodium sulfite (g/L) 5.00 5.12 4.27 -4.25
2.50 4.87 3.54 -3.17
1.25 1.32 0.95 -2.98
Sodium pyruvate (g/L) 0.100 -3.06 —-1.45 -1.20
0.050 -2.85 —-0.52 0
0.025 -1.03 0 0

* The percent means inhibition to Salmonella (Sa), Vibrio parahaemolyticus(Vp) and Vibrio cholerae (Vc)=100—(growth in basal medium
added the additives compared to growth in basal medium)x100; 0 means no obvious influence; positive result means the additives had
inhibitory effect on the pathogens; negative result means the additives had acceleratory effect on the pathogens; growth of the target
pathogens in basal medium with or without additives are mean values of ODsy.
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2.1.3 221 PCR
, s invA [
, toxR 2] hlyA [13] 3
) ( 3), PCR
3 s SVvV 3
BPW , PCR ,
( 2 , 10> CFU/mL (DNeasy Tissue kit, Catalog # 69506, Qiagen,
, 37°C 150 r/min 24 h Valencia, Calif)
RV TCBS ,37°C 24~48 h PCR : DNA 2 uL,
22 SVVHEEYERMAR 3 mmol/L MgCl, 1.5 pL, 1 pL, 5 pmol/L
0.5 uL, 10xPCR 0.25 puL, 10 mmol/L dNTPs
SVVv ( ) 100 mL 1 pL, 5 U/uL Tag DNA 0.5uL, DEPC
, 121°C 25 uL PCR : 95°C 4 min;
15 min , 1 mg/L 95°C 10 s, 60°C 45 s( 3 ),
72°C 30, 40
Fz2 HORERITRIHESR
Table 2 Central composite design matrix and experimental results of Sa, Vp, Vc counts
Factors Responses
Run
A:NaCl (g/L)  B: potassium tellurite (mg/L)  C: Bile saltno.3 (g/L) Sa (CFU/mL) Vp (CFU/mL)  Vc (CFU/mL)
1 20.00 1.05 2.50 8.798 8.832 7.823
2 20.00 0.71 2.50 9.145 5.546 5.161
3 20.00 1.05 2.50 8.592 8.742 7.769
4 25.00 1.25 2.00 9.787 8.703 6.824
5 20.00 1.05 2.50 8.801 8.785 7.601
6 20.00 1.05 2.50 8.797 8.676 7.854
7 15.00 0.85 2.00 9.666 6.611 6.783
8 20.00 1.05 1.66 9.238 8.446 8.234
9 11.59 1.05 2.50 9.152 5.262 8.001
10 20.00 1.05 3.34 8.665 6.753 6.449
11 15.00 0.85 3.00 9.272 5.647 6.809
12 20.00 1.39 2.50 8.606 7.482 6.979
13 25.00 1.25 3.00 8.031 7.239 5.726
14 20.00 1.05 2.50 8.786 8.754 7.881
15 15.00 1.25 2.00 9.091 7.209 8.606
16 25.00 0.85 3.00 8.323 5.741 5.477
17 20.00 1.05 2.50 8.794 8.227 7.627
18 25.00 0.85 2.00 8.887 7.339 6.175
19 15.00 1.25 3.00 8.703 5.745 7.828
20 28.41 1.05 2.50 8.039 5.926 5.293
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Table 3 Nucleotide sequences of the primers and probes for FQ-PCR

Target Sequence (5'-3") T (°C) Size (bp)
S. enteritidis fw TTATCGAGATCGCCAATCAGTC 57.7 22
v TCCGTGAAGCAAAACGTAGC 58.1 20
rb FAM-AATACTGAGCGGCTGCTCGCCTTT-BHQI1 67.0 24
Vibrio parahaemolyticus fw GCGACCTTTCTCTGAAATATTAATTGT 61.6 27
v CATTCGCGTGGCAAACATC 60.4 19
rb VIC-CGCACAAGGCTCGACGGCTGA-BHQ1 71.1 21
Vibrio cholerae fw GCTTTATTGTTCGATGCGTTAAAC 58.0 24
v GATGCCAAAATTGTGCGTATCA 59.4 22
rb CYS5-TCTTGGGCAATCGCATGGGTTGA-BHQ2 69.2 23
" fw: forward primer; rv: reverse pimer; pb: probe.
222 SV 10* CFU/mL (
10 CFU/mL 10’ CFU/mL )
100 mL SVV ,  37°C 100 mL SVV , SVV
24 h 4 8 12 15 18 21 24h 37°C 24 h,
, 12 16 20 24h
( : RV, : SPB) , 3
3, , 2
2
23 SVV AT AI#EMHEMIZELE
2.2.3 SV 25 g ( GB/T
I, 4789.4-2008 GB/T 4789.7-2008  SN/T 1022-2001
(10* CFU/mL) 100 mL SVV; )

[~1V, 3 1:10:1000 , 10° CFU/g , ,
(1~10 CFU/mL, 100£10 CFU/mL, 1000100 CFU/mL) 2 min 225 mL
10: 1000: 1 1000: 1: 10 100 mL SVV SVV

37°C 24 h, 4 8 12 37°C 24 h,
15 18 21 24 h , 4 8 12 15 18 21 24h
18h PCR , 18 h
3, 2 PCR
24 SVV A TEMRERIZELE
2.2.4 SV 2008 6 2009 3 ,
10* CFU/mL 100 mL 608
SVV BPW , 37°C 24 h, -20°C 25¢g (
12 16 20 24 h ODs40 , ) 225 mL
3, 2 ODs,, SVV  37°C 18 h PCR
, GB/T 4789.4-2008
2.2.5 SV GB/T 4789.7-2008  SN/T 1022-2001 3
10> CFU/mL SVV
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3.11
1
B )
Svv
5¢gL 5 gL 3
25¢g/L 1.25¢g/L
, 2.5 mg/L
, 1.25 mg/L 0.625 mg/L
, 0.625 mg/L , 2.5 mg/L
1.25 mg/L 3
[14-15]
4°C
[16-17]
, 2%~3% NaCl [18-19]
, BPW NaCl 3
, NaCl , 2%
NaCl
201 goc
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3.1.2
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1.25 g/L 1.25 g/L
1.25 g/L 0.05 g/L
3.2 SVV WAHEL T3 MR E S TR
3
R Design Expert , 6
> 20 )

2 Design Expert ,

Sa=8.76—0.34A—-0.18B-0.22C+0.094AB-0.067A

C—0.023BC—0.051A%+0.048B%*+0.075C> (1)
Vp=8.66+0.36A+0.50B—0.61C+0.27AB—0.079A
C-0.046BC-1.02A°-0.69B°~0.31C” )
Vc=7.75-0.76A+0.50B—0.41C—-0.24AB—0.13AC
-0.15BC-0.36A%-0.56B*-0.11C> (3)
(H-3) ( 4, 3
a=0.05 ,
,3 R? 0.9750
0.9663  0.9827,
NaCl 3
20g/L 1.05mg/L 2.5 g/L(
, 1.0 mg/L),

8.7602 CFU/mL

8.6584 CFU/mL  7.7541 CFU/mL
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Table 4 Variance analysis of regression equation

Prob F
Sources Significance
Sa Vp Ve
Model <0.0001 <0.0001 <0.0001
NaCl <0.0001 0.0023 <0.0001
Significant
Potassium tellurite <0.0001 0.0004 <0.0001
Bile salt no.3 <0.0001 0.0002 <0.0001
Lack of Fit 0.4323 0.1035 0.0752 Not significant
3.3 SVV HEEMRN ,
331 SW , <10 CFU/mL
1 , 10 CFU/mL 1000 CFU/mL SVV ,
SVV , 10°~10° CFU/mL
RV , RV , 18 h
SVV 4h 8h,
SVV > 3.3.3 SVV
RV , 108~10° CFU/mL SVV BPW
SVVv SPB , SVV ,
, 37 BPW , ODsyg 1.400
24 h 10* CFU/mL,
10" CFU/mL SVV ,
3.32 SW i
2, 3 24h  ODsy 0.590 0.223 0.185  0.683
SvVv , SVV
SVV R , ODs4 1.397
, (te] SVV
24h 3 10’~10° CFU/mL [17) BPW ,
3 SVv SVV ,
5 , SVV
12
S. enteritidis
10 10 r V. parahemolyticus 10 V.cholerae
8
-
5 E 6 E 6
& 6 ——SVV 10 5 ——SVV 10 = o— SVV 10
% 4 —¥—RV 10 S 4 —%—SPB 10 o 4 SPB 10
- =0
) —a—z\\f;\«;;ggo = , —A&—SVV 1000 =, A— SVV 1000
" =— SPB 1000 —=— SPB 1000
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
t(h) t(h) t (h)

1 SVV AARMBEYR
Fig. 1 Individual growth of three target pathogens in SVV.
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Fig. 2 Simultaneous growth of three target pathogens in SVV.
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5 3 =
2
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Fig. 3  Growth of three target pathogens in SVV when competitive flora exist.
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5 ALSE#EMRMEMEMNRE PCR Y Eihsk
Fig. 5 FQ-PCR assay with artificially contaminated sample.

%5 SVVEKE FQ-PCR il £ 0 E #R £ b i 55 PR A
Table 5 Detection of naturally contaminated samples by SVV with FQ-PCR and conventional culture method

Sa(PCR/culture) Vp(PCR/culture) Vc(PCR/culture)

Samples (Number)
+/+ +/— —/+ +/+ + /- —/+ +/+ + /- —/+

Sea fish(216) 28 0 0 6 2 0 4 2 0
Shrimp(250) 12 0 0 0 0 2 1 0
bivalve mollusk(142) 10 0 0 3 0 0 2 0 0
Total (608) 50 0 0 11 2 0 8 3 0
Positive rate %(PCR/culture) 8.22/8.22 2.14/1.81 1.81/1.32

* Conventional culture methods were strictly performed according to GB/T 4789.4-2008, GB/T 4789.7-2008 and SN/T 1022-2001 issued by
the Health Ministry and General Administration of Quality Supervision, Inspection and Quarantine of the People's Republic of China as
standard detection methods for Sa, Vp, Vc respectively. +/+: positive PCR result and positive conventional culture result; +/—: positive PCR
result and negative conventional culture result; —/+: negative PCR result and positive conventional culture result; —/—: negative PCR result
and negative conventional culture result.
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