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H,8hdEA1587%, FRAGEFRNFLEFEHNARELE £ d S A KR AAB A (22.50%,18/80) % K
(17.95% ,14/78) .4 #I (15.38% ,10/65) # P (12.94% ,11/85) #= £ 1/ (10.00% ,7/70) ., 2% EHEFHR A > 5 H
Mot A EEMNSERS(T71.67%,43/60) , 5 FEEEH KA, 5 a5 A4k E 63.33% (38/60) , & T 4,5 +k 4
FEHBERB & 23.33%(14/60) . &+ L A sea seb. sec sed see 8533 & 53 A 6.67% (4/60) .6.67% (4/60) .
23.33% (14/60) .48. 33% (29/60) . 10. 00% (6/60) , b &tk % 45 A 4E & F-1 K B wsst-1 0535 H & 4 5.00% (3/60)
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Prevalence and characterization of Staphylococcus aureus
in meats of animal origin in Huai’an
LI Bingbing, LIU Liang, LI Shuangshu, JIN Jing, LIU Chuncheng, ZHAO Huairong

(Huai’an Center for Disease Control and Prevention, Jiangsu Huai’an 223001, China)

Abstract; Objective To investigate the contamination and characterization of Staphylococcus aureus in meats of animal
origin in Huai’an. Methods 378 meat samples of animal origin were collected from 8 counties in Huai’an during 2017 to 2018
and were tested for S. aureus. The agar diffusion method was used in antimicrobial susceptibility test and polymerase chain
reaction (PCR) was used to detect the S.aureus enterotoxin genes. Results  Of the total 378 samples, 60 samples
(15.87% ) were positive for S.aureus. And the positive rate of duck, chicken, beef, pork and mutton were 22.50%
(18/80), 17.95% (14/78), 15.38% (10/65), 12.94% (11/85) and 10.00% (7/70), respectively. The antimicrobial
susceptibility test indicated that S. aureus isolates showed the highest resistance to clindamycin (71.67% , 43/60) and were
all sensitive to vancomycin. Multidrug resistant strains accounted for 63.33% (38/60) and the methicillin resistant S. aureus
strains accounted for 23.33% (14/60). The carriage rate of enterotoxin gene sea, seb, sec, sed and see were 6.67%
(4/60), 6.67% (4/60), 23.33% (14/60), 48.33% (29/60) and 10.00% (6/60), respectively. And the carriers of
toxic shock syndrome toxin-1 gene tsst-1 was 5.00% (3/60). The detection rates of drug resistance gene ant (4', 4"),
mecA , vanA and tetM were 88.33% (53/60), 13.33% (8/60), 11.67% (7/60) and 8.33% (5/60), respectively.
Conclusion The contamination of S. aureus in meats of animal origin in Huai’an was serious, and the isolates showed high
antibiotic resistance and high carriage rate of enterotoxin genes, which may result in potential risks to food safety.
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PUAE R R IRYT 4 A T G R A 25 W, (H
FEPUER R B B R ) 2 3 BOA R AR T
Gk, PEBE S I R R A SR A B PR R R
U, 4B T A T 2 ROk B, & 2 U AR 2
FIF S TR 0 TR 22 ol T A R R T AR R
IR /RN = T Ao N AN TR 7 S/ Y T
A V9 M 4 % B ( Methicillin-resistant  Staphylococcus
aureus, MRSA) Ay A H SRR Wi 3 &, R 06, B b 17
fif s ) P PE B TP R T R TS R AL T 25 R
Bl B 7R AT S O, AT LUAT RLB Ak 4 R
Bty K A, LA B Sy 4 TR JER G 9 114 I IR 24 4
e S

ASBIF 5 BN U 42 T B E N 4 Y T gk
BLHEAT I A T[] I X 43 15 3 0 & 7w IR 4 0 T
2y EE O B L 2 B IR A N oL E AT o0 b, B
e AR ICHE 22 17 8 3 P b 46 A TR T 4% B9 kb Ko
SRy T 7 04 I p B A T 1R Y R IR 9 O B AL
RIHE

1 #RE5FE
L1 A
L1 FERORTE

2017 4F 1 A —2018 4% 11 H % MEEEHLRFE 17
ANHEZETT 8 A B X B4 52 17 3 B8 T LA B AR
WAL IRERE I M EE N, LG A 78 1},
5Py 80 1 & A 85 i A+ 1A 65 1 EPY 70 oy, By
2y 500 g,
11,2 BRfEwR R

K 1 4 B (ATCC 25922) . 4 % @ ( ATCC
25923) g | T AR FBLBUEM A R A A .
L3 2SS ulR

VITEK Compact IT 4= F 3l 40 18 A= 1k 45 & 1L (3%
FEHH R ), R A 6k S (PCR) AL (€ [ Bio-
Rad) , B 404 M VKA (78 & QIAxcel Advanced) , AIM
4 [ BT W HE R X | Vizion 4> [ ) 24 45 52 56 4> B &
4 ¥ Wy B 22 [ Thermo Scientific , 55 3 25 0o Ml o

7.5%FAE N I MH BRIE | 4w B0 55
HE PR Il [ T S R BRI B TR PR B
AR BR 2 A 522 B AR 2 e R
HEFLIR ), 25 048 v 2R e P AR (OXC) | e MR R
(CLI) 21 % (ERY) \H%H K (PEN) (LHBIP R
(LEV) A2 75 % vk W] (SXT) (WU R ZK (TET) k7Y
T(CFX) JKRFEER (GEN) 7l % R (VAN) iy
H AT R AR A R 2 | 4 TR B AT ZH DNA 2 B0
A G [ RRAAERHE (L5t AR A F ], ANTPs  Taq

DNA 4 .PCR Buffer Mix ¥ [ 4 T 49 T /%
(L) MM ABRA T, W E AR E W 4 TR
(KE)ABRAA ],
1.2 ik
L2017 PRI o8 B

P RAE & 3 A RE T B8 BT 0 B i i
PR L) IR LR HRAE I 25 ¢ A 225 ml 7. 5% 584k
IR I R S) 36 CHE TR 24 h 5, R8T
SHHROREFEI 36 CH3E 24~48 h, &%
DOUDOULAKAKIS %" 4 i 11 J7 v $k 4> ] 14 5%
IRV , H VITEK Compact IT 4 H ) 4i 14 4= 1k % &
ASGHEAT S 7 B A Ak B 1 B P 2 o a4 OE g
FRIE I I 5 e [ 53 A1 O o
1.2.2  25iudse

AR BT 18 A2 4 4 i X 10 Rk R
T 25V , 36 F K W 5 45 1R (ATCC 25922) Fil 4 7 14
(ATCC 25923) 2y 45 W Pk o 2 B0 0 20 SR 4% HE 58
] s A A1 52 56 A o Bl 43 ( CLST) A o Bk 47 21
2o AT LA 3 28 K DL EHiAE B AR E £
Eq e
1.2.3 35 7 RURTR 24 35 XA 6

T FH 40 B 3 DX 4 DNA £ 3 7 6 44 B0 4 4 1A
FE[AIZH DNA . 2% 30k [ 13-14 142 (09 05 v & 5|
Y IEEAT 6 FhEE Sy BED A 4 Rl 25 564 (35 1) 99~
14 PCR 7= Py {di H 6 408 i Uk A A A

2 ERE55WH
2.1 AR S

378 1y & & PIFE S R AT 60 0y R R 42
B LA R 15.87% . 5 Rl & DA AP AR R A
1 (22.50%,18/80) , Hi AR WK A X8 A (17.95%,
14/78) . £ A (15.38%, 10/65) . 3% A (12.94%,
11/85) F12E 7 (10.00% ,7/70) . 60 4 i 1 40 &5
o 1l 5 5 ] it FH 1 224 100. 00% (60/60)
2.2 4 T 21 1

A3 BB 42 A T PN VAN U %P4y 9 R A
KT 25 5% i & 2 KK CLILERY \PEN LEV |
GEN .0XC .CFX . TET 1 SXT, L% 2. 60 £ 4 %5
HA 6 Rkt BTN Y 10 Bl A 3 H RS, A R Bk
X1 A A R BT 250, X3 KR i
AT 25 1 (%) £ T 24 BR AR o 428 4 B B Rk 1
63.33% (38/60) . 54 BRI 24 B bk P 4 3 ik &R
7 2 T 24 P B2 5 b 9% (22, 22% ,12/54) , Hik
Jo kit 4 25 (18.52% ,10/54) 5 45 (18.52% ,10/54) |
12 (16.67%,9/54) .2 % (12.96%,7/54) .6 %
(7.41% ,4/54) F1 7 24(3.70% ,2/54) .
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Table 1  Primer sequences of enterotoxin gene and drug resistance gene
25 EAis S1FA(5'-3") H i 7 Be B2 /bp 2% 3k
2 0K o i 4 21 S J ATTTTACCCCTGTTCCCTTATCATC 604 [13]
75 Lsst-
w AT * TAGGTGGTTTTTCAGTATTGTATTCA
TACAGTACCTTTGGWAACGG
sea 162 [13]
GTAGAAGTATGAARCACGAT
AGATTACCTAACTCGTCACTAT
seb 190 [13]
AACCATTTTATTGTCATTGAT
W 22 35 AGATGAAGTAGTTGATGTGT 174 [14]
e e CAGGCATCATATCATACCAA
TTCTGATGGGTCTAAAGTCT
sed 121 [14]
GATGTCAATATGAAGGTGCT
AATAACCGATTGACCGAAGA
see 277 [14]
TATCTGGATATTGCCCTTGA
TGTATGGCATGAGTAACGAAGAA
mecA 498 [14]
ATGCGCTATAGATTGAAAGGAT
AGGTCGGTTGTGCGGTATTG
vanA 169 [14]
CCTCGCTCCTCTGCTGAAAG
fiif 245 3 PRl
GTGTGACGAACTTTACCGAA
tetM ) 501 [14]
GCTTTGTATCTCCAAGAACAC
GCAAGGACCGACAACATTTC
ant(4',4") 165 [14]
TGGCACAGATGGTCATAACC
£2 BHWBE R (n=60) ®3 SWHAHIE (n=54)
Table 2 Results of antimicrobial susceptibility of S.aureus Table 3  Resistance spectrum of S.aureus
P W AR B (%) Pk FE R AL fiif 24 3% W it/ %
JLoE R
U S fiit 25 CLI 4 7.41
0XC 36 (60.00) 10 (16.67) 14 (23.33) 1 ERY 2 3.70
CLI 12 (20.00) 5(8.33) 43 (71.67) PEN 3 5.56
ERY 8 (13.33) 11 (18.33) 41 (68.33) ERY-CLI 3 5.56
PEN 22 (36.67) 0 (0.00) 38 (63.33) 2 PEN-CLI 3 5.56
LEV 30 (50.00) 11 (18.33) 19 (31.67) OXC-ERY-PEN 1 1.85
SXT 55 (91.67) 0 (0. 00) 5(8.33) \ LEV-GEN-PEN 3 5.56
TET 49 (81.67) 3(5.00) 8 (13.33) ERY-CLI-PEN 9 16. 67
CFX 48 (80.00) 0(0.00) 12 (20.00) ERY-CLI-LEV-PEN 6 1111
GEN 33 (55.00) 13 (21.67) 14 (23.33) 4 ERY-CLI-GEN-PEN 3 5.56
VAN 60 (100.00) 0 (0. 00) 0 (0.00) OXC-ERY-CLI-LEV-PEN 1 1.85
\ate ERY-CLI-LEV-GEN-PEN 2 3.70
2.3 Tm;‘l-éj‘jla OXC-ERY-CLI-LEV-GEN 2 3.70
54 KR 25 4w LA 19 Rt 254, ERY-CLI- 5 OXC-ERY-CLI-SXT-CFX 1 1.85
PEN j‘:’ EEE ff‘u‘—j——*}i i g! s ﬂﬁ%ﬁ% IJ_LL%% 3. OXC-ERY-CLI-TET-CFX 2 3.70
OXC-ERY-CLI-LEV-PEN-CFX 3 5.56
2.4 ﬁjj%. ‘Wﬁr‘l‘%%. E(JWILH r%z(ﬂ‘ 6 OXC-ERY-CLI-TET-SXT-CFX 2 3.70
22 PCR 47" 38 1 6 4048 B KK, 43 Bk 6 75 11 OXC-ERY-TET-LEV-GEN-PEN-CFX 2 3.70
7 ERY-CLI-TET-GEN-PEN-SXT-CFX 2 3.70

B RILN (71.67%,43/60) , sea ,seb ., sec  sed .
see F& PRl {4 #E 47 2R 43 3l O 6.67% (4/60) ,6.67%
(4/60) . 23.33% ( 14/60 ) . 48.33% (29/60) #i
10.00% (6/60) , Hirf #E4d7 sea JE K BB MKk H 3
(2 BR) ISR (2 Ak ) 355 seb JEIR (R TR R oK B 29
PICT ) FIRS A (3 Bk ) | see 5 [R #5 71 T 1k 43 31 ok B
AR (28R SR (1 BR) RGP (3 Bk) o hEE IR S
ZEAMEH E-1 W ss-1 W R KH 5.00%
(3760) 4 5 H AR (1 Bk ) FIRS A (2 #%) o

4 Pt 24 56 B b g 3k B A S 25 A G 3k
ant(4',4") (WK 1 3 i 5 A 88.33% (53/60) , 8-
Mk i 25 T 25 AH 56 3K I mecA K2 R 13.33%

(8/60) , ¥ BK JE Mt 25 AH OC K& A vand 3 i 3
11.67% (7/60) , TET 2 [} 25 4 3 32 [ tetM Ky i 2%
R h 8.33%(5/60) .
2.5 MRSA B bR i 15 B

X CFX i 25 B 4554 mecA Jk [A] 9 4 ) Tk 7T A1)
SE 9 MRSA B AR, AHE 58 b, 364y B F 14 Hk
MRSA (23.33%,14/60) , £ CFX Tt 24 4 i 46 0 ik
A MRSA TRRA 12 8%, 40 BRI 108 A (4 #F) |
XA (3 BR) R (2 ) AR (2 8k MER
(LRR) o #EH mecA FER W) &R RIAT 8 Ak, 0 7 R U
TG (3 8R) (LB BER (2 8 F R
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(1 RR) FIZE (1 BR) . mecA JE R 4 W bk 5 K
CFX fif 2§ R MR e W) &, LIR(E B L3 4,
F 4 MRSA T b 510 15 Bl
Table 4  Distribution of MRSA strains in foods

A R 2 5 P S CFX it Z5¥:  mecA #4715 B0
SA2017003 85 Py fiif 24 +
SA2017008 X 1A it 24 -
SA2017011 A ifit 25 +
SA2017023 5 1A UK +
SA2017026 4 A fiif 24 -
SA2017027 Xt 1A i 2% -
SA2017029 | i 25 +
SA2017030 8 Py iiif 24 +
SA2018002 5 Py fiif 24 -
SA2018013 5 fiif 24 -
SA2018016 X 1A UK +
SA2018022 4 A fiif 24 +
SA2018025 X 1A it 24 -
SA2018027 A ifit 25 +
3 g

gt VAR E &R E Y E Y b
o il rh 20% ~ 25% 2 rh 4 4 R 5 R G, BT D 4 TR
FEEIRPEBR TP B EE A HAT,
AXRE M SR TG ORI MR A2 A,
B an N T AR B R AR B IR A B R D R 4 )
PRE] 13.89% (11 1197 s TR 5 N 17 P il i
SRR RN 5. T1% " 220 1 A 1A P A G
N 4.00% " i AT L R R B IX AR [R)£ R
MEMENEE SR AEERD ZS, AR EN,
WELTTEE RN D4 W aR R 15.87%, &
TS RIS ) AR R TR (R ER L
W) o BFsEa R HEZ T & & R b 4w is g
R HE R N 0 B I T B O SR IBORE I A it
PETHZEE SN T EE A KO, 5 S R
TE A A P 2 7 i B Lk R A TR T R Y R
PR ) KA

PUAEREFEWFET WS ESH, SR8 EFE
20 P TR 24 M R R 25 7 EE BT R A 1 T 24
a0 MRSA (T 5 75 25 M5 26 1 A1 1 ( CRE ) &5, 177 i 25
TS BRSNS i AN E Z R
i, DRI G i 24 TR B 9 PR £ il A R
EMANLEEFEN B KRB, EZTANEEHER
rh a3 B Y A TR TR 2 8 JR)RE R, 6 bR AT Bk B 28
CLI B-M Bt IE PEN (KIR RS ERY (1 1iif 25 5 3
L 50. 00% , % i AR 26 LEV 2 Su8 1 28 GEN fiif
2R B3 20.00% , % 3 KR LN BhiA Rt 2 2 H
i 245 P4 TR AR o 63. 33% A 1 TR MR e 2 R 7 2B A:
Fo [FEF, & BUAIK 43 B0 4 0 1A h MRSA T B 4
23.33% B TS TR bR 09 s T 25 0, O B 3l W

MRSA AJ A 8 G N, 0 5 S B s G . 4 1A T
LG HLTHI AR 22, 38 A A 0 i 24 K% DA AT LR S 25 A B
HOH 250 o AR UR 43 85 1Y) 4 A DA b R R S T 24
AR IED ant (4',4") WK 5 fe i, B- 9 Tt Ji 2 it
AR EE ) mecA K6 HH AR U2, WE IR TS 245 AH 5G4 A
vanA Fl TET ST 25 AH G 5L K] teeM £yt A, (H 2
53 S AR 1Y) TS 24 5 DR 55 A0 N i 24 3 AR ) A N 45
FEAE—E 26 50, X ] BE 5 SRR E PR P Rk A G, %
E— 2L FATIIE

R BB AN - R EEW RSN ER,
L5l E 4 SEA SEB . SEC .SED #il SEE, 5 Fb
755 2 FE[H sea ., seb | sec . sed ., see TE 43 25 B AR 3y
AK i, LLosec Fl sed Sy 3, 5 1l X 5 A B TR
P i B 2 R DN A DR R s e 25 R fiE K
SR T I SO S X NUUE - e 12 e W e o |
PR — R AN R R S A esse-1 AL T e (A1
b TR T 9 A B Ak G A O R IR AR M
HF A FHRIEREMZADGE R, 708
f) 42 0 PR LA R 5. 00% 5 3 AL 4 2 Sl
HISERARST o U3 B 1Y 4 4 T 5 o 45 0 0 R
NP FR GG IE T R -1 A, 2 &
B TR A B BUR A BUR TR TEBE ), G S W IR A
B I Mok T R, N 2 T R A,

5% 3k
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(dinotefuran) | & vk B BB (fluopyram ) (72 & Bk (acetamiprid ) . B 3 & ( etofenprox ) #v= 4 v B (flutriafol ) f£ 3% 2

B PR R KRG RE, G

ARAE R FE I

BFE A 2019 5 A 23 0 &

7RA21 B ,FSTRERLT A

R 7 MR KK G F/ (mg/kg)
vk % i (dinotefuran) F 0.6
o 1 B M ([luopyram ) EES 0.3
72 & Bk (acetamiprid ) A, F6F 0.7
Bt 3 & (etofenprox ) A, A8 F 0.7
v B (flutriafol ) v dE 0.9

(kR A So bk AE M, A8 % 4k 3k
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