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A comparative study and application of Salmonella detection methods for raw vegetables under
different sample sizes
WANG Xueshuo, DOU Yue, LIU Na, QU Hongren, LI Jingyun, CUI Shenghui
(National Institutes for Food and Drug Control, Beijing 100050, China)

Abstract: Objective To develop and validate a high-sensitivity detection method for Salmonella in raw vegetables
using a large sample size (500 g), and to characterize the isolates from retail raw vegetables in Beijing. Methods The effect
of different sample sizes on Salmonella recovery from artificially contaminated lettuce and coriander was analyzed, and the
isolation efficiency from retail samples in Beijing was compared between 25 g and 500 g sample sizes. The antimicrobial
susceptibility of Salmonella isolates to 16 antibiotics was tested, and serotypes and resistance genes were analyzed by
whole genome sequencing (WGS). Results Increasing the sample size improved detection sensitivity (0. 002 6 CFU/g)
in raw vegetables, and achieving a limit of detection of 10° CFU/500 g. Testing of retail samples in Beijing demonstrated
that the method using 500 g sample significantly increased the Salmonella detection rate (8. 1%) compared to the standard
method using 25 g sample (0.5%) (P<0.05). The contamination distribution of Salmonella in raw vegetables exhibited
significant regional and retail-type variations (P<0.05), higher in suburban areas (11.2%) than in urban areas (3. 5%) ,
and higher in grocery (11.4%) and open markets (8. 8%) than in supermarkets (6. 1%) and greengrocers (0%). Among
the 18 Salmonella isolates, 12 serotypes were identified. S. Alachua, the major serotype, represents the first food-borne
isolate of this serotype reported in China. Overall, 33. 3% of isolates were resistant to at least one antibiotic, and 22.2%
were multidrug-resistant. WGS identified 20 resistance genes, including B -lactamase and quinolone resistance genes.

Conclusion Increasing the sample size to 500 g overcomes the challenge of missing low-level Salmonella contamination
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in raw vegetables, significantly enhancing the detection rate and providing the high-sensitivity screening strategy.

Salmonella isolates from raw vegetables in Beijing exhibited serotype diversity and multidrug resistance.

Key words: Raw vegetables; sample sizes; Salmonella; drug resistance; whole genome sequencing
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oA Wy R A BR 2 B ) 5 TSA BUIE 15 37 5L (3£ [# BD
D)) 5 A 2 0 25 4 P ) 5 90 1) TG TR 35k 55 12 I 1L 775
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U T BT TR g AR BT T R A A IR A 9
YPITE CMCC50920 (1 TSA -4 fif — LB 324
IATETE A= BEER K A A 1. 5~2. 0 22 b B (1 1 A
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ARE T (36+1) CIE I By F7 4 P 15 97 16~18 ho RT3
B RS B ST 3R 2T, 2 S 1 mL A 0. 1 mL B
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AZM ) Fl%5E 55 % (Streptomycin, STR) o M3 i 2 18
7 UL B R bR D R R A A ATCC 25922,
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Table 1  Effect of sample sizes on Salmonella recovery from

lettuce and coriander

I A P P 8/
LGRS L DR ;jw
W i L‘/ 2 ¥
(CFU/FE &) B £ (CFU/g) ot Lidi
25 0.52 3/3 3/3
200 0.065 3/3 3/3
13
325 0.04 3/3 3/3
500 0.026 3/3 3/3
25 0.052 2/3 3/3
200 0.006 5 3/3 3/3
1.3
325 0.004 3/3 3/3
500 0.002 6 3/3 1/3

2.2 A SRR SRR S D T TS gL o B
H 28 K 18 KMk L35 15 Fdi
10 g Kl it R 4R 210 B SR AR A, Hoh
A3 15T 1, TS 53 o Mk SRR FE & 500 ¢
BF, DN 1L O A2 28R (11/157,7. 0% ) Fl 6 3 & b
i (6/53,11.3%) h ks Vb TR MK HE &0 25 ¢
F LAY 10 2R SERE S (1/210,0. 5%) R 701 14
Z A SRR R TE 500 g A FE B K A [R] B A H VBT
B o AR ME SR (500 o) RV TTHE MK R 25 R TC
it 2 B L (*=0. 927, P>0. 05) , A [a] ¥ 4 5 3
ST ERE S REEAERENZS (=
14.859,P<0.05)
22 K RERE AR SRR P D TR S 0 4 b
Table 2 Effect of sample size on Salmonella detection in

lettuce and coriander

i it i 25 g K kE 500 g o 1t
H g 157 1(0.6%) 11(7.0%)
Fisa 53 0(0%) 6(11.3%)
Hit 210 1(0.5%) 17(8.1%)

XoF SR A DX 3 R 2 1 43 AT S s, )T IXOR U 8 S
FES TP BV TR A R (11.2%,14/125) B &= T
BIX (3. 5%,3/85) (x*=4.001,P<0.05) ; 311 75K I
B SR il R U T R A R A R (11, 4%, 12/105)
HWCh#E KT (8.8%,3/34) @i (6.1%,2/33),
B TN ORVENY 38 By BE S P R K BV T .
ATED 2S5 R PR B S FE f D T A R 22 R A 48
P12 X (y*=8. 044,P<0.05) .

2.3 PUAE R HURME DL 45 R

MEAMW, BN 18 ITEPA 6
(33.3%) X% 2=/ 1 M Zi 2, Ho 3 & F v
B TR 25 2R B 5 (27. 8%, 5/18) , %f 3k 60w bk 52 7
F R NIRRT | SN TR S S
22.2%(4/18) X 2R VUMK /&7 L A it 25358 16. 7%
(3/18) , X ZEWERR MM 25 %y 11.1(2/18) , 1 BRI
XoF Sk A6 il i 0 Sk 609 i () B TR 2 o R A R SR 4 S

Fe3 bR AN ] KR A5 A 3 R S P Vb T A
1% L 43 By
Table 3  Prevalence of Salmonella in lettuce and coriander

from different regions and retail formats in Beijing

PR A it K/t B R 1 5

AR i i it
b WX 3/74(4.1%)  0/11(0%) 3/85(3.5%)
2B 1X 8/83(9.6%)  6/42(14.3%) 14/125(11.2%)
i 9/87(10.3%) 3/18(16.7%) 12/105(11.4%)
W TR 1/10(10.0%) 2/24(8.3%) 3/34(8.8%)
. i) 1/29(3.5%) 1/4(25.0%) 2/33(6.1%)
B2 0/31(0%) 0/7(0%) 0/38(0%)

U ITTH A RN U B0 A RS, O 33.3% (6/
18). 18 RV ITHILA 4 Fhilt 253% , 5 e gl
AMP-AMS-TET-CHL-CFZ-SXT-STR (16.7,3/18) , H
o4 R (22.2%) % 3 KU BEHiA RNy, h 2 E
i 25 R (B 1) .
2.4 5y B TR RS AL FEAE 43 AT

Xof 4 e DR 20 I 540 3 A 0 e B, 18 BRIV T A
A3 12 B i AL AT 12 b MLST A4 (/& 1), I
B 5 MLST 43 BUZE S = FE DRI . v 22 D A i 335 784
4 S. Alachua(16.7%,3/18) .S. Rissen(16.7%,3/18) .
S. Infantis (11.1%,2/18) 1 S. Mbandaka (11. 1%,
2/18) o cgMLST 43 #7 57 , AH [ 1M ¥ 7Y 119 25 A1k 22
S R R 0, R B R IR . A 18 BRI TR
o TR Y 20 FhbTAE R 25 B, o S, Rissen
(n=3)#1 S. Indiana(n=1)4 &k T 8 LI Lt
2 3 R, A 45 BRD (3 R Ay 5 0 R R S i 2 3 A
(gnrS1.qnrvVC4) W i TR i 25 ok 2 X35 R 58 48 (gyrA
Asp87Tyr.gyrA Asp87Asn Fll parC Thr57Ser) . B-HN
Jig JE T 25 L N (blagy o blayy,., ) « 28 3 B 1T 25 i 25 5L
K Caac (6") ~laa . aadAl ., aadA2 . ant (2'") —la . ant
(3" )=la) T Wi B2 it 25 3L K (emlAT floR) itk i 25
1t 245 55 P (sul2 (sul3) H AR WE 2T 24 JE X (dfrA 12
dfrA14) VU2 25T 25 3L 5 [tet (A) tet (M) J UL KR 4
T2 25 B A (arr=2) (] 1)

3 i

AHIFFEEL X AR SN SRR i RR T AR X v
I BR S TR R R RE R, 25 R R, KRR VA
YOI TR BRAT AT A ) 10° CRU/RE &, I8 43 e fE
it HPVD TR I e AR ] G HE MR [ 2 0. 002 6 CFU /g,
AR TE T XS B AR AR K T 1T RIS G e A T
A 7o X b 5 T B A SR A S AT SR AR I & B
AT EAR T 25 ¢ Kutf i (R % 0. 5%),500 ¢
R R dk AT d R AR TR AS Ty T T A A R R (8. 1%,
P<0.05) . X E55 R R X F U0 5 15 Y oK
1 Y A SR A SRR S, A o RS B R O 2, Tk
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Table 4 Drug resistance of Salmonella isolates from lettuce and coriander
, . WHEECS /%)
BrAERER BUAER AWK [S'& i -
’ ’ U (S) A (D i 25 (R)
ZURVE AR AMP 13(72.2) 0(0) 5(27.8)
R VE AR/ EF B AMS 10(55.6) 2(11.1) 3(16.7)
B-PH It Mz < e A1 g CAZ 17(94.4) 0(0) 1(5.6)
S 7 e CFZ 13(72.2) 1(5.6) 4(22.2)
Sk fVE NG CTX 17(94.4) 0(0) 1(5.6)
TR, HNT CIP 12(66.7 6(33.3 0(0
W T 2 s (66.7) (33.3) (0)
P ) NAL 16(88.9) 0(0) 2(11.1)
I AR 3 A A o 3R 507 Wit SXT 14(77.8) 0(0) 4(22.2)
TN PUFRE TET 14(77.8) 0(0) 4(22.2)
S FME T 28 AR STR 14(77.8) 0(0) 4(22.2)
ENUES AR CHL 14(77.8) 0(0) 4(22.2)
T DR BB SR AP T TR R KRB R B R 2 R R E U
. . 3 A
Date Site MLST Serotypes Resistant Phenotypes AR Site
SR COZS
R > PP
‘ $16.genome 20220809 WI19A 185 Senftenberg |l
n  S23.genome 20220816 W24B 413 Mbandaka .‘
L S13.genome 20220726 WI7A 413 Mbandaka | L
My S19.genome 20220809 W20 463 Meleagridis .l Ial
‘ I S18.genome 20220809 W19B unknown Oranienburg | ml EEEEEEEEEEEE RN
ﬂ §27.genome 20220830 W26C 469 Rissen AMP-AMS-TET-CHL-CFZ-SXT-STR ...l IIH.. .| ‘.. ...
I $26.genome 20220830 02C 469 Rissen AMP-AMS-TET-cHL-CFzsxT-sTR I H_EE N NN
$25.genome 20220830 O2C 469 Rissen AMP-AMS-TET-CHL-CFZ-SXT-STR ..al__ = _]59.. | [l :{.5 .5..
S15.genome 20220726 W17B 2040 Indiana AMP-CAZ-TET-CHL-CTX-CFZ-SXT-STR .._!!!!__!!_;]!E _!_!E_![;
S24.genome 20220830 O2A 2061 Alachua .r
I $22.genome 20220816 W24A 2061 Alachua .
H $20.genome 20220816 W21A 2061 Alachua .‘
"J | S21.genome 20220816 W21A 32 Infantis .
| 1 517.genome 20220809 W19B 32 Infantis | L] |-
1 $30.genome 20220926 S13 11 Enteritidis AMP-NAL | ||l | |
$28.genome 20220919 06 42 Paatyphi Bovar: Tava B L] L]l
u $29.genome 20220926 SI13 426 Aberdeen B L]
! S14.genome 20220726 W17C 26 Thompson || | (W] |

32T (Wet Market, W) , # K113 (Open Market,0) , #11i (Supermarket, S) 5 A \B . C AR & 1E [7] — R KL 35 T 149 A [R] 4 43 2 5
BT 18 R AR SRR S 40 B U0 11 TR 1 R AE 43 B

Figure 1
MR B2 VD T B ARG 238, T R AR A5 T HE A 1Y
VI 5 G Bl o AR S RN 75 SR 00 1) 1T G XU 1
fili 4 fb S 9 $i s %

A5 3k AR b R T T[RRI R E R T
VIR ST AR S YL R A B, 20 B O IE T oY o A
TP AN TR] TR R AN R e TR v R Y — B TR
WAL TR AR, S o WA AER R T # rh
232 B —E P, LT B AR S RS S
YLV TR PR A, AR YL B S0 86 7 SRk J5 A
KPR T AU AR S %

A W) TE £ A AR P SRR B AR A o A
F, AR A [\ /03 5 it v 0 43 A7 8 A Y0 A 0 AT
S BEAL o AT B B AR RE B P AR TR T B NG
FE 55 AT B8 JC V4 A 2 Air A1 52 35 94 00 DS, DA 5 2
B BAPESE R . TEARS S5 Y G 00T, 3 e A =
fE 3 P R A AR H AR AR W A E 3R DT 4 A
B R AR A B e XU 0 ke 2 R D 0% s o A R
2 1 DL R T B2 o B2 0 M XIS e KPR i v
Y S50 TR T < 3 SR B DG A 1 R 22 3 SR A R
B — T 25 A i PP A ST B VDT

Multiple characteristics of 18 Salmonella isolates from lettuce and coriander

TR 2 3 v (9 75 e ik BE AU 0. 019~0. 052 CFU/ g,
KR A B 500 g B BE Y U0 TT T BH A AR RE Y
15 Ye R 9. 5~26 CFUSY &1 X ik — ¥k B, 4n i &
P TR ARSI i AT v AR R R TP T
AW ST 57, 2 A S R A S A A AR 3 21 500 ¢
B, 5 E bR 7k 25 ¢ ke ke & (R % 0. 5%) # E, 7T
MR TR AR R YD T AR R (8L 1%, P<
0.05), i — B HE a8 T U0 I T MY 70 B R0, w8 A3k
B S AR VE Al I 55 B PR L R R R IR SR AR R A T
AR

AW ER ,EEHEX T ITENEREZEH D
0 b 5l A 2 R AR Xk TR B S AR S T T )
BB P2 (10, 77% ) 1 3% 78 T IR IX (3. 75% ) #E i, iX
A RE 5 B DXRIIR X8 S i 48 B B DDA G . &
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