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Investigation and molecular typing of Staphylococcus aureus in cold dishes sold in the
market of Ya’an
WU Renzhi', ZHANG Yi', WANG Xin', DAI Mingtao', HE Xiaorong', HE Qiaoling’, HAN Guoquan'
(1. Sichuan Agricultural University Food College, Institute of Food Processing and Safety , Sichuan
Ya’an 625014, China;2. Sichuan Food Inspection ReseArch Institute, Sichuan Chengdu 611731, China)

Abstract: Objective To investigate the contamination status, virulence gene distribution, biofilm formation ability
and molecular typing characteristics of Staphylococcus aureus (S. aureus) in some commercial cold dishes. Methods Two
hundred cold dishes sold in restaurants, supermarkets and street vendor stalls were sampled, and Staphylococcus aureus
(S. aureus) were separated. Congo red plate method and crystal violet staining method were used to detect the
biofilmforming ability of the isolates. Virulence genes and biofilm genes were detected by PCR, as well as agr typing and
multil-ocus sequence typing (MLST). Results Twenty four strains of S. aureus were isolated, and the detection rate was
10. 50%(21/200) ; the detection rate of cold dishes was 13. 73%(14/102) , and the detection rate of stewed meat product
was 7. 14% (7/98) ; the highest detection rate of seA in the traditional enterotoxin gene was 50. 00% (12/24) , and the
lowest of seE was 16. 67%(4/24). Poisoning shock syndrome toxin-1 (TSST-1) and leukotoxin (PVL) were 4. 17%(1/24)
and 25.00%(6/24) , respectively. The detection rate of hemolysin gene was relatively high, and only etd was detected in
the dermatoxin gene. The positive rate was 62. 5% (15/24) in Congo red plate test and 100% in crystal violet staining; the
biofilm genes were mainly cna and clfB, and bap was not detected ; the molecular typing of the strains was mainly agr I and
ST188. Conclusion The S. aureus contamination exsits in some cold dishes sold in Ya’ an city. The strains carried
multiple virulence genes, had strong film-forming ability and had potential food safety risks.

Key words: Cold dishes; Staphylococcus aureus; virulence genes; biofilm; molecular typing
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4 B (0 W A Bk W (Staphylococcus aureus, S.
aureus) &= —FE WA BIEEBUNE , 24 M T A
SR P BE SR B LA R | B TR AR A U D
KBEYNE . 4w 085K E A nuce FEH, % 15
FR TS A% TR T S (S < o (7 4 B R BT RS AT, LR
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A E G O A BROE . AR E NN A
%) BR R 51 S B £ v R R DL AN i - 5 [ AR T
BY RS, S 0 A BRI T | R A R s A
2 {311, 2003—2012 4F A7 58 b DX 40 1 1 & ) b #
FOh, SR ARARE S E A, A 1961 AFYEE
T K B Y ARV bR 4 B 00 4 4 BR A (Methicillin-
resistant Staphylococcus aureus, MRSA) Ll 3k , MRSA
C7E 4 A B N T2 AL 76  MRSA # R ) 1%
i 25 P8 , 263 i PRIG 7 ok 1 A R IR A o < 0 (0 4
BREE 51 R B PR B A AL G W B
F (seA~seB) A 561 0 A Wy o R B 26 11 1k 0
S A R T £ 4 T A N £ 2 A TR K S M R T
JIT 2L 8B 65 K R 200 TR RE I, TR AP B IR 2 P A R
A =5 77 A 200 10 5 4 4 1 I A PR AR RS ) X R
PrAP i] A 4 BT 6 3 % BR T 7R 12 A 0 T BR R v AR 2k
FEAE DN 0 28 S5 G 9 XU o BT Jas A PR 30 5 A
¥ (Accessory gene regulator, agr) J& T 4 1 (0 75 45 Bk
TR H) R A RO 2R 4, i A4S T G BUR TR AR A M IRk
P ZREEMTNRERG T agr IR RGEEEH
HAE T H TR RE AR agr BB R TE IR
IRECHPE b HAT 22 55 5 [6) B Hy T79% 43 B 5 vk 48 A )
B BAARAR , PR T < (A 4 BR R B o 1 o R
hoE B Bl . 2 65 F 8 4 B (Multi-locus
sequence typing, MLST) j& — Ff & T 4% 2 13 51 Il 2 20
W3 BT 25 L i ad PCR 9718 2448 SR N R R
B, e 51, T HEAT 23 8 . MLST 73 B4l 4
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1 #MPEFZE
1.1 FESh SRR
2021 4F 6—7 A DU )1 48 HE 22 T & OE T

FUL Bl P A5 TC T 4R SR R SR 200 1y, B B
50~100 g, R AR IR A LI %, Horh R
102 Gy (k=22 PR HA5) | b il A 5 98 1)
Cpa X TC A Sk R4 S
1.2 EZAUER 55

3l e e K B s (LU AR 8 4R B 7 28 B0 A B
v H]) 3 T100 % PCR Y SUB-CELLGT 7K - Ht Pk %
GELDOCXR+5E I iR 53 #r A (3€ [ Bio-Rad A7)
DNP-9025 i #1H i B F52 40 ( FIgRS 2 iRk & A
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WIS 20 B0 - BHT A 37 /17", BEAE 36 ¢/17,
NI 2T 0.8 g/L7", BiliE 10 g/L™", 121 “CH JEZE R K
& 15 min; Baird-Parker B8 0 37 R N
(Brain heart infusion, BHI) A Ifil 3¢ & 35308 . & 5
A A BRE (ATCC 25923) (J M AL AE Y B B
B2 7w ) 5 3R A g 5% X R 2xTaq Master Mix,
DL2000 DNA Marker. 5| 9 (il #5 S B 4= W) £ R A R
NEIDI
1.3 ik
1.3.1 W ES%EE

Fit B8 GB 4789. 10—2016( £ & % 4 [ K #x 1
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1 it 35 DR (e ) 3 38, 60 FF A EAT R AR 0 B8 S5 %6
MG DNA $2 B 0] & fif 1 150 0] 45 3517 40 7 DNA
PEH, 4 v (R A ER T (ATCC 25923) y PH A X HE
1.3.2  mecA R FI 8 2 3 H 45 H7

Z: WSCHR[5-6 ], XF 4 ¥ (040 25 2K 187 1) mecA S
[KFD 13 R K 3L gE4T PCR 9788, I 47 B IR b
5 ¢ H Uk R B S AR, SR H B 25T o
1.3.3  AEY9 Y WL Ge 1 Kl
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B IR 0, B 3R S 00 40 T R 8T MR 20 BR
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A W R BH P TR R 3o 3 28 R AR (55) R (H)
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1.3.3.2 S5tk e ki

Z: I WANG S5 Rk By v« Pk IR 7R
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£ 0.5 Z QM BE, # H. F 200 pL & 1% 7 % B i
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BRI L 1% WA i A 96 AL, A
W W I BH 1 B bR ATCC 25923 4 BH A XF IR, TSB
R HAE s PO IR P AT 3k, 37 CHE SR T2 h
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FEEBWW , 200 wL PBS ¥ 3 ¥, IF /1 200 wL
B [ 7E 20 min J5 37 25 B, (88 T ] 200 pL
0. 4% 25 f Y 15 min; B JOHE PBS YEik 3 X,
SR RT 5 1 200 L 33% DK R ¥ % 30 min, B4R
A 7 570 nm Ak () 6% BEAA .

W AR IR FE ODe 1B (0De 4 F 23 [ 1L i - 2 8 m
3 A% B o 25 AR B 0D ) X A W Bk R Ay
% . 0D<O0Dc A A B [l , 0De<OD<20De Hy 55 B [t
(+),20Dc<0D<40Dc Ky H 5 F B (++) ,0D>40Dc
R R B (+4+4+) o
1.3.3.3 A=Wy J 5 DAL A

Z: O WANG S50 Jy i, A T 4 o €0 4 2 3K 1
B9 % IR L X (bap | icaA | icaD) F1 7 B 36 A (fnbA |
fnbB clfA .clfB .cna) .

1.3.4 agripH

Z MR B W 5 v R 2 PCR X i 56 B
PRIEAT agr 3.

1.3.5 24705550 4 il

R MLST W 3 $2 4k iy 7 %45 R 3L (areC,
arok , glpF , gmk , pta , tpi F yqil) 17 PCR ¥ 34 . ¥4
J R G PCR 7= 49 47 WU 0 7 o TR R 81 S
MLST %4 % (http: //www. mlst. net) [ 23 A5 (09 #H L
B TR A S5 6 B PR HEAT LR, 459 30 45 A7 i DR 4% R i
[y ST &,

1.4 Hds b

R K Excel 2019 F1 SPSS 19. 0 4 1 47 44

P A G2 .

2 H#R
2.1 v (0 A BR DA R I 1

HZE(6—7 ) M\ VU 1|45 HE 22 T RN IR X RS |
T RO 20 A O3 1) R R SRR 144 £ (30 43 Al
26 4y, K R N 10.42% (15/144) .6.67%(2/
30) . 15.38% (4/26) ; 200 ) FE i 19 BOKS RN
10.50%(21/200) o GRS b PESE R R R
10. 67%(8/75) , 1< il 546 1 54 10. 14%(7/69) ;
T A 20 B A R A A R 18.18%(2/11)
F1 25.00% (4/16) , 14 il JEHE B R A 4 o 65
EERE (R 1),

RS P O R R R R

Table 1 Detection rate of S aureus in samples

o sy Kz il 2%/ %

R A BAEE e wrk
EIRIE 10.67(8/75)  10.14(7/69) 10.42(15/144)
[ 18.18(2/11) 0(0/19) 6.67(2/30)
it 3 P A5 25.00(4/16) 0(0/10) 15.38(4/26)

2.2 mecA KR FNEE 7 I RAG H 45

24 MR AR AR E LA 3 BRIE mecA K
B, i 12.50%(3/24) . 5 Fis a5 R A7 2 Bk
K seA Ko R B, oA 50..00% (12/24) , seB Al
seC A Y R 8 33.33% (8/24) , seD K T N
29.17% (7/24) , fi seE ¥ R K, A 16.67%
(4/24),

PVL 5 3K 25.00% (6/24) , 5t $E 28 B 4 43
BBk 12.50% (2/16) , & il 28 ¥ & 70 B Bk 50. 00%
(4/8),TSST—1 ALAEBEFEIEHE M o bR TR il — ko
W R B P, hld K R SR, O 50.00% (12/
24) , HWR N hla 45.83% (11/24) [ hib 37.50% (9/
24) it e BRI N erd KRR 8.33%(2/24) ,eta .
eth # HR 0 0, 87. 5% B 1H bR 2= /0 —Fh i
J1EEH (21/24) , Jo T bR #5 45 AR [ 315 ) 2R A A
(% 2~3),

%2 L EOHEERE IR A R

Table 2 Detection of virulence genes in S.aureus

ST i %/ %

B BELES B R
seA 43.75(7/16) 62.50(5/8) 50.00(12/24)
seB 43.75(7/16) 12.50(1/8) 33.33(8/24)
seC 37.50(6/16) 25(2/8) 33.33(8/24)
seD 18.75(3/16) 50(4/8) 29.17(7/24)
sel 6.25(1/16) 37.50(3/8) 16.67(4/24)
PVL 12.50(2/16) 50.00(4/8) 25.00(6/24)
TSST-1 6.25(1/16) 0(0/8) 4.17(1/24)
hla 37.50(6/16) 62.50(5/8) 45.83(11/24)
hlb 31.25(5/16) 50.00(4/8) 37.50(9/24)
hid 56.25(9/16) 37.50(3/8) 50.00(12/24)
eta 0(0/16) 0(0/8) 000/24)
eth 0(0/16) 000/8) 0(0/24)
etd 6.25(1/16) 12.50(1/8) 8.33(2/24)

3BT R 2 ) SRR A L

Table 3 Multiple virulence genes of S.aureus

B YR HEHEA A WHEC HO/ %
0 — 3 12.50
seB
1 hld 3 12.50
etd
seA \ist
seB hld
2 ool hld 4 16.67
hla .hlb
3 seA seB  seC ) 3133

pvl \hla . hld
seA \seE hla .hlb
seA \seC .seD pvl
4 seA \seD \hld .etd 5 20.83
seB hla .hlb .hld
seB .seC .pvl . hld
seA .seB .seC . .hla . hlb
seA seD \pvl hla .hld
seA \seC . seD hla . hlb .hld
seA \seC  seE \hla hlb hld
seA \seB seC .seD hla  hilb .hld
7 seA \seB .seD .seE hla .hlb .hld 3 12.50
seA \seC .seD .seE .pvl .hla .hlb
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2.3 R B IEIY BRE 0 AT 4

WIS 2T B i a0 v, A e S PR % TR
62.50%(15/24) , Forh P28 4 B bk i 45. 83%(11/
24) , K il 25 16.67%(4/24) . A Bl 52 B M A B
b 37.50% (9/24) , Hovh i 28 43 B K 20. 83%
(5/24) , /i35 16. 67%(4/24) .

g 2 YL AR 86 b, 70. 83% (17/24) Bk B TE 1
SR A ) BB, L b R 2 B bR S 50. 00% (12/
24) , 14 il 25 15 20. 83%(5/24) o EFEIS AN i 25
A 12.50% (3/24) B T8 ¥R B B b A= W w65, 55 26 )
PERACAE B PR Tk 1 Bk (4. 17%)

T L DR ARG v, 91, 67% (22/24) 4 T Bk & 20
HEAT — i RS I P S BB SE DY cna B DR H R
5, N 83.33%(20/24) ; clfB . icaD . fnbB . icaA | clfA
fnbA K Ry Bk 70. 83% (17/24) . 58.33% (14/
24) .50.00% (12/24) . 20. 83% (5/24) . 16. 67% (4/
24) . 12.50%(3/24) sbap KKt (% 4~5)

4 RBURLIRE LS 5 R g R

Table 4  Congo red test and crystal violet test results

— PSR 21 38 56 25 R e 2 50
FEPE/BE BATE/#%  SmEGRT/BE RGBT /BE 55 R R/ bR
e 11 5 12 3 1
B ifill 2% 4 4 5 3 0
25 L H O A ER TR A W Bl L R 45 A I Ol
Table 5 Multiple biofilm genes of S.aureus
HE R TLES R
icaA 12.50(2/16) 37.50(3/8) 20.83(5/24)
icaD 43.75(7/16) 87.50(7/8) 58.33(14/24)
clfA 12.50(2/16) 25.00(2/8) 16.67(4/24)
clfB 68.75(11/16) 75.00(6/8) 70.83(17/24)
fnbA 6.25(1/16) 25.00(2/8) 12.50(3/24)
fnbB 50.00(8/16) 50.00(4/8) 50.00(12/24)
cna 75.00(12/16) 100(8/8) 83.33(20/24)
bap 0(0/16) 000/8) 0(0/24)

2.4 agrsy B} MLST 43 #1

XF 24t 4 WO B ER AT agr /78S, (R4
b agr I , 5 41.67% (4/24) sagr 1l 5 4.17% (1/
24) ,agr T Fl agrVE AR K o 13 BREE R 20 29,
54.17% (K 1),

MLST 4, 3t 6 Ff ST B, L3+ AL R
ST188 33.33% (8/24) , A K Ik &y ST15 29.17%
(7/24) .ST398 20. 83%(5/24) .ST88 8.33%(2/24) .
ST25 4. 17%(1/24) .ST59 4. 17%(1/24) (& 2) .

3 iFig
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Figure 1 agr typing of S.aureus
7-
s LRER e S
I 1l
5tk
£y1
Bl
£3
2 L
1 L
0

ST188 ST15 ST398 ST88 ST25 ST59
B2 2 5 51 4 A 45
Figure 2 Results of MLST
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WG RERESBEYD RN BT IETF. &
HOHAEKEYERIEEY PR FES S
WH) seA A ARHFIE seA 2P B RN 50.00%, 5
WLV S5 B bR A B R SE A AL s seE A
R 16.67%, 5 HAGHI %5557 — 5, (H 4 BF
LW seE K H R 071 [ L, K [ b IX 4 3 07
EPRE TR R RN . PVL &4 O 4
BR TR Y B L AN TR) I GEORT M DX A R AT
—E 2R MICHEIE R MRSA W R PVL K
HH R R T H AV bR R B R (MSSA) Y AR B 5T R
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e Wy Bk T R 5 AN A T 2 e A ) — A
S PR, MR 2T g b R Y e P S R A 62. 5%,
K F 50 B BRI R IF 5, o T SRR o) S bR A ) ek
JIEE A A T B R 28, 0 DI AS ) ke 50 4 B €0 7 4 Bk
R 0 0 BT 1 fig 0 R ) 485 28350 v, TR B
AR AT 70. 83% , 1= T WANG 55 5T, 3 Bk
MRSA B ¥k ¥ e T Lot A M) . 91. 67% 11 42 #%
0045 25 BR A 28 /0K D — 2R P e IR A

agr SRR P L UL agr 1 B K 3, 3% 5 9K BHBF
TR agr T VB RK H BT LW, agr
F agr I A1 TR 43 5 F) 32 B 30222 R IFSE agr Il
UK — Bk . PAULANDER 22 WF 58 kB, & # (
A ER I R 2 B 15%~60% F agr S5 PE
PR, X 5 AW ST — (54, 17%) . MLST 43 5 246 H
6 B ST #, L ST188 N EE AT . YU S5 (1 F
R, ST188 BUTA Mk £l MSSA , A58 5 Z HFF .
ST398 &t F b Wi A7 i [ &5 ) Y 147k , ST398-MSSA
W TE N5 N ZBAL 8, B XN i 28 1 Ik
Yel25) AR WF G K Y 4 Bk ST398-MSSA, i 16.67%.
YANG Z5OHF 52 2 0A , B2 6 i 4 0 €0 8 4 Bk B LA
ST59 1 ST338 2 F , H AW I ALK ) — Bk ST59, K
ot ST338, 33X 3¢ BH A [R] M X 4 B 6 ) %4 BK B 114 32
R EFE R ZE S .

AW b & W OHAERE S ZME IR, o
TR E Z0E SR B bR 0 KU B It
FE 3SR I T B Sz B e AN ACEE AR IE £ R
A naE H B DARN BTS2 R
st PR 5 FE RHAG  TRLBE  DA By 1k 4 60 4 BR Y
FN 7 A 5 ]I AE DG TT R A AR I 4 2 I R CR A
b, A RV B 4
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