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Characterization of toxin genes and antimicrobial resistance
of Staphylococcus aureus isolated from pork
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Abstract: [Objective] The aim of the study was to investigate contamination, toxin gene properties and
antimicrobial profile of Staphylococcus aureus strains isolated from pork in Guanzhong region, Shaanxi

province. [Method) A total of 165 pork samples from six regions in Shaanxi province were collected and
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screened for the presence of S. aureus and MRSA. S. aureus isolates were characterized using antimicrobial
susceptibility and PCR. Toxin genes including PVL,SEs and ETs were detected as well. In addition, MRSA
was isolated by BP plates with cefoxitin (4 pg/mL) and oxacillin (4 pg/mL) ,respectively. [Result] Of the
165 pork samples,33. 33% were contaminated. 103 S. aureus strains were isolated and MRSA was not de-
tected. The observed resistance against erythromycin were highest (100%) ., followed by erythromycin
(57.28%) s tetracycline (34. 95%) , gentamicin (10. 68%) , ciprofloxacin (3. 88%) ,oxacillin (2. 91%) and
chloramphenicol (2.91%). All isolates of S. aureus were susceptible to cefoxitin,cefoperazone, vancomycin
and amikacin. Of the 103 strains of S. aureus,20. 39% were multiresistant. The predominant toxin gene was
57 (98,06 %) ,followed by sea (50. 49%) ,see and PVL (each 34. 95%). 68. 93% isolates harbored one or
more SE genes,and the predominant toxin gene pattern was sea+sej(11. 65%) ,followed by PVL 4+ sea+
see+sej(9.71%). Resistance against erythromycin S. aureus isolates harboring sej was most frequently ob-
served. Finally, MRSA was not detected by BP plates with both cefoxitin (4 pg/mL) and oxacillin (4
pg/mL). [Conclusion] Many S. aureus isolated from pork contained different multiple resistances and toxin
genes,and we should strengthen the monitoring of S. aureus from pork. MRSA was not isolated from pork

as we used BP plates with cefoxitin (4 pg/mL) and oxacillin (4 pg/mL). The credibility of this approach

needed to be proved.
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4= B {0,785 25 BR 1A (Staphylococcus aureus s SA)
e N ARG rh fe DL 1 o Dt AT 2 4 B (0 R
IRV R B TR IR BT KRR R TS e
IR B T 2 — 35 AT B B R A BRI SR I
TCBE 23 45 6 i 2 A SR VS A L

007 4 KR AT LA AR 2 R EUR I T Hoh
F 2 B XL 03 36 Y Luk S PV FI lukF-PV 2 A~ %
KA % 09 & 40 Bl £ ( Panton-valentine leukoci-
din, PVL) , & S BN 2 Ak e J2% 4% 71 IR BE 1 il 5 1Y
FHRz %, mEE (Staphylococcal enterotoxins ,
SEs) BB sea.seb,sec.sed.see.seg.seh.sei Fl sej
L D EREY RN EEEUR N T AN, R R
2 (Ex foliative toxins s Ets) XA eta fl eth %5, J&
516 DA HE R v 26 K ML TR 1R R AE 0 B0 R T

20 A TR 245 1 T LA o B ) AL L R L i
SOV R 4 B {6 R 4 BR B ( Methicillin-resistant
Staphylococcus aureus , MRSA) 7E A [6] £ 5 77 1 46
B g2 B m B OCTE . MRSA i TR A
TANIEE Y 38 L P T mecA FER G 3 (X 4 1
TRAEEE 200 XS 5N 28 25 Wi 25, 2
MRSA Z i 245 ¥ 7= A= 1) 5 B2t 5 2 Sl

H I [ A X6 < 8 60,7 4 BRI A 88 2 i
N EIBIF S 3D o AT ST 32 20 B 74 G b i X A
T OO R A BR B E AT 245 B ST L B R D I R IE
B BT 25 W B At 4 T OF kIl i ek He 5 g
PN mecA kDR AS DU o F 07 Ay 4% TA) B HE o) ity 7 2

2 VAR I XURS: 43 A7 B AL B A 40
1 ME5IE
1.1 HRREREREKFKR

2011-06, BT 5 H 6 /> i X (P4 42, i BH . 52
X I ARG ) /N BB T B A T 4R A
M RE i 2R3t 165 1 An ME W bR K W R A W
ATCC25922 Fil4: ¥ (7 2 Bk B ATCC29213, iy
] 245 5t 25 0 1 ot A S i SR
1.2 FEiXFIFNE
1.2.1 %A Luria-Bertani(LB)BIE 5 3 5. W A
MR T A R A F PU 259 4 W A Sig-
ma 2y A s F AL BN B3 V8 AR AR T B R R
(Agarose)J § Sigma 2\ #) ; PCR | Tag DNA B &
fif . buffer (Mg®" ), dNTPs, 100 bp DNA Marker,
DL2000 DNA Marker #l 5| ¥4, ¥y H K% % 4
L7/F/NESI
1.2.2 ME  FEAHMEIRFEAR 0,100,200,
1000 pl) HRG AL B AL Z FLE A 288 . BHW-8C
AUIE IR fin # A L PCR &7 15 4%, H Uk 3 & 5E i 1R
AL RO S I BRI B e TR R VRO TR L v
TAES RUHRKAE.
1.3 SAFIMRSAMISNBEELE

WA GB/T 4789. 10-2010( 43 ¥ €4, 5 %5 Bk 1 £
B )7 VR 4 S A H (0 A B TR D A AR R L
EDIRE M 7 L #E BP S AR A B Sk /P T
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Py 158 IV , 45 5 PR R <5 o € ) 2 IR T 2 O R TR ARG T 5 1 24 44 43 3

(4 pg/mL) MM PE AR (4 pg/mL) K40 3 MRSA,
$2 B Merlino %50 2 38 1 J7 s . % 43 55 10 4 5 €79
EER A MRSA 1 nuc FH I mecA FEH 72 H
PCR 4" % SA 5, MRSA Bk H3IE .
1.4 SA EFEZ DNA gy E

F R B2 BE B 22 LB 55 77 5275 1k ) 4l 85 57

SALE THA 1000 pl 8y FRIYELE T, IR
A, IR B 20 min J5 .12 000 r/min &[> 5 min,
W B W T — 40 C ok A A7 45
1.5 PCR ¥ #5|4

PCR {51k 1 fioR.

&1 KB A PCR Yy 59

Table 1 The primers used in PCR
S Em5IY AuEE FEHIR N/ bp 2% ik
Genes Forward primer Reverse primer Product size Reference
mecA GTAGAAATGACTGAACGTCCGATAA CCAATTCCACATTGTTTCGGTCTAA 310 [7]
PVL A‘TCA"I:TAGGTAAAATGTCTGGACATf GC‘A‘TCAAGTGTATTGGATAGCAAA* 433 rs]
GATCCA AGC
eta ATATCAACGTGAGGGCTCTAGTAC ATGCAGTCAGCTTCTTACTGCTA 1155 [9]
eth CACACATTACGGATAATGCAAG TCAACCGAATAGAGTGAACTTATCT 604 [9]
sea GGTTATCAATGTGCGGGTGG CGGCACTTTTTTCTCTTCGG 102 [10]
seb GTATGGTGGTGTAACTGAGC CCAAATAGTGACGAGTTAGG 164 [10]
sec AGATGAAGTAGTTGATGTGTATGG CACACTTTTAGAATCAACCG 451 [10]
sed CCAATAATAGGAGAAAATAAAAG ATTGGTATTTTTTTTCGTTC 278 [10]
see AGGTTTTTTCACAGGTCATCC CTTTTTTTTCTTCGGTCAATC 209 [10]
seg TGCTATCGACACACTACAACC CCAGATTCAAATGCAGAACC 704 [10]
seh CGAAAGCAGAAGATTTACACG GACCTTTACTTATTTCGCTGTC 495 [10]
set GACAACAAAACTGTCGAAACTG CCATATTCTTTGCCTTTACCAG 630 [10]
sej CATCAGAACTGTTGTTCCGCTAG CTGAATTTTACCATCAAAGGTAC 142 [10]

PCR Jz i &fF:94 °C 5 min,1 PME#H ;94 °C 50
s,57 C 508,72 C 1 min, 35 ™ME#H ;72 °C 10 min,
1 MG ;4 °C A£IE 90 min,

1.6 Hik

TE PCRAY 4™ $f 58 ¥ J X = Wy i 47 10 g/L
B B 1 b R R YK, R T A ME R/ DNA Marker
A X H UK 58 58 I 78 8 IS AR AN | BRAR I iC sk
TKEER
1.7 48 SAWHGEHIKE

Z: B8 CLST i 7 19 B B i B v, X 40 B 1y 103
Bk SA BT 20 . T2 B0 P 25 W) £
% (ERY), M p§ Ak COXA), 3k 78 7§ T (CE-
FOX) kIR (CEFOP) \ J7 1 %5 % (VAN) | 4 ¥f
F(TET) A% Z (CHL) B4 g (TMP) L fif k&
B (AMD FRH 7P £ (CIP) FIR K R (GEN) L ¥
H Sigma AT,

2SR5

2.1 WERAPSAMMRSAMNSBELE

Xt 165 45 5% P KE fb R A GB/T 4789. 10-2010
(G A A R R KL 30 ) (9 07 3, JLARR Iy 55 4 SA
TS YR RE S K ROl 33033560, AP S 103
SAH K %7€ th MRSA [ #k 5 165 3 #f & i J] BP
AR R G SR N S AP T (4 g/ mL ) R P AR (4

pg/mL) B T5 Y o300 o3 i 4 BRRT 36 Bkl B MR-
SA EHk, B Z HE PCR ¥4 nuc JEH Fl mecA Jk
PR 20K %5 Y MRSA BBk

2.2 SBSAHRBRERM PVL EEREN

MWFE 2 aLLFEW, PVL 3 WK H XA
34.95%0; 1 B R HE b ey MR Y OR B, R
98. 06 %, Hi¥K N sea. see. sed . sec. seh . seiseg . seb,
HAE R 4k 50, 49%, 34, 95%, 31. 07 %,
13.59%,8.74%,8. 74 % ,6. 80 % , 1. 94 %6 s A K il 1}
eta Ml eth FEMH .

# 3 WoR 2 EE R I (Z2) I RIS
W 71 bk, 2 T HE R L R R R ik 68,9300, HL
ZEHFRENEAPAH 7. 18U A sej HN, Hrh
A 1 RRTE 0. 97 Y0) [ B & 7 Fh g 3 AL (PVL +
seatsed+ see+ seg+sei+sej), 1 ¥R (0. 97 %) [
B &7 6 Fhdg EILH (PVL +sec+ sed +see+seg+
sei) 6 BRI (5. 83Y) RN &4 5 MR RN, H4
63 MRHEH 4 FILLT #E RN

4 AIHLTE 71 bR 2 B (=2 F R A KA,
2% b IX 22 B L PR R G 45 2R D) SN Ml DX A H AR
2N 53,5200 SRS MR SV 2 (22 5400) A B
(12.68%) \Jg BH (5. 63%) . 2k Ty (2. 82%0) Hl 2% F-
(2.82%),
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Table 2 Separate results of Ets, PVL and SEs genes from 103 stains S. aureus isolated from pork

FEH o 2 %/ % A e th A Kt 3/ %
Genes Detection number Detection rate Genes Detection number Detection rate
mecA 0 0. 00 seg 7 6. 80
PVL 36 34.95 seh 9 8.74

sea 52 50. 49 sei 9 8.74

seb 2 1.94 sej 101 98. 06

sec 14 13.59 eta 0 0. 00

sed 32 31.07 eth 0 0. 00

see 36 34.95

3 EATESEBEIRESESTERECOMNBRNER

Table 3 Multiple toxin genes profiles (=2) of S. aureus from pork

31 [ 2 Hrih A Kt /% T 5 27 i th % it/

Genotypes Detection Detection Genotypes Detection Detection
number rate number rate
PVL—+sea—+ sed+ see+ seg—+ sei+sej 1 0.97 sectsed+seg—+seitsej 1 0.97
PVL+sec+ sed+seet seg+sei 1 0.97 sea+t sed+ seetsej 1 0.97
PVL+sea+ seb+see+sej 1 0.97 seatseet seh—+sej 1 0. 97
PVL+sea+sed+see+ seh 1 0. 97 sed+seg+sei-tsej 2 1.94
PVLA+sea+sed+see+sej 2 1. 94 sea+ seb—+sej 1 0.97
PVL+ sec+ sed+ sei+sej 1 0.97 sea+t sed+sej 1 0.97
PVL+sed+ seg—+sei+sej 1 0.97 seatseetsej 5 4. 85
PVL+sea+ see+sej 10 9.71 sect sed+sej 2 1.94
PVL+ sec+ sed~+sej 1 0.97 sec+seg+sej 1 0.97
PVL+sec+ sei+sej 1 0.97 sed+see+tsej 3 2.91
PVLA+sed+ seetsej 1 0.97 sed+sei+sej 1 0.97
PVL+ sed+sej 1 0.97 seatsej 12 11. 65
PVL+sei+sej 1 0.97 sec+sej 1 0. 97
PVLA+ sej 6 5. 83 sed+sej 4 3.88
seat sect sed+ seet seh+ sej 1 0.97 seetsej 1 0.97
sea+t sec+ seet seh+sej 2 1.94 seh—+sej 1 0.97
seat sed+ seet seh+sej 1 0.97 Bt Total 71 68.93

£ AAREEAREREAOREANESEEEEE D WRAER
Table 4 Prevalence of S. aureus carrying multiple toxin genes (=2) from different regions

B R LK Rl R R B X Rl a0

Sampling areas Detection Detection Sampling areas Detection Detection
number rate number rate
[ 76 55 49 Baoji in Shaanxi 38 53.52 B PG @ BH Xianyang in Shaanxi 4 5.63
B 76 X 3)) Wugong in Shaanxi 2 2.82 B 76 X% 5F Xingping in Shaanxi 2 2.82
Be P P54 Xi’an in Shaanxi 16 22. 54 [ P64 % Yangling in Shaanxi 9 12.68

2.3 B SARNAHNKLER

€ 5 1. AN[R SA B AR X T TR 245 ) 1 it 25 7
AN ] H b 4 R AR O6E R A0 BE CTMP) it 25, 47 59
PR DA AT 2185 3 (ERY) T 24 L i 2 % 35 3% 57. 2896, 4%
R R U3R % (TET, 34. 95%) . K K55 % (GEN,
10. 68%) . ¥ N ¥b B (CIP, 3. 88%) ., Z M J§ #k
(OXA,2.91%) &5 £ (CHL, 2. 91%) . it A & ¥k
XF kAP T (CEFOX) . 3k /i Wk fid (CEFOP) | Ji iy %
£ (VAN) FIB oK R 2 (AMD U,

M2 6 A 14 2] 21 Fh it 25 1%, £ & i 2 %Gk
20.39 %0, v S B G 3K T A REAS R R 1 B
T LA B 6 Rl TR 25 0 otk s DO A Bk P A7 2
(RIREAS Fp G 2 BR TS R ISE X 5 AR BT e 2598 Btk
K A A Y R T2 B REAS R X 4 R TR 259
BEYVEM BRI B R 2+ 1 2, 7% SETH 24
SHOAFRERNA 95.24%20/2D) EH MK ENA
90.48%(19/21),
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Table 5 Separate results of antimicrobials resistance from 103 stains S. aureus isolated from pork
LA 2 T 245 T AR fii} 25 %/ %6 LR Y T 24 TR R A Tiif 25 %/ %
Antimicrobials Resistance number Resistance rate Antimicrobials Resistance number Resistance rate
ERY(=8) 59 57.28 CHL(=32) 3 2.91
OXA(=4) 3 2.91 TMP(=8) 103 100. 00
CEFOX(=4) 0 0. 00 AMI(=32) 0 0. 00
CEFOP(=64) 0 0. 00 CIP(=41) 4 3. 88
VAN(Z=2) 0 0. 00 GEN(=8) 11 10. 68
TET(=16) 36 34.95
F6 BAPIGHKEECHAREANSEMAERUER
Table 6 Multiple results of antimicrobials resistance from 103 stains S. aureus isolated from pork
B2 Fubihc R 0 L2505 Ritige AR
Antimicrobials types Detection Detection Antimicrobials types Detection Detection
number rate number rate
;{X5i£§§+’I‘E’I‘+()XA+ 1 0.97 TMP+ERY+OXA 1 0. 97
TMP+ERY-+TET-+CIP+GEN 2 1.94 TMP+ERY+GEN 1 0. 97
TMP+ERY+TET+OXA 1 0.97 TMP+ERY+TET 10 9.71
TMP+ERY+TET+CHL 1 0.97 TMP+TET+CIP 1 0.97
TMP+ERY+TET+GEN 3 2.91 J it Total 21 20. 39

MR T IE WA A e e A BR 1 2
TR 2 3R DAV 22 b X de g 5 35 B 61, 90 %6 5 SR A K Ik
IAp (23,81 %) iR T (9. 52%) JHFH (4. 76 %) s 1

K TG B REAS L R I B AT 22 FE T 24 1
() SA k.

RT TRAMREAPESHEBBEIRENMEAERNER

Table 7 Results of antimicrobials resistance from S. aureus isolated from pork in different regions

T b SR R b X far t £ wit K3/ % T SR A b X Ko 8% wit Kt 3R/ %
Sampling Detection - Detection Sampling Detection -~ Detection
Total Total
areas number rate areas number rate
e 7 2 1y } e 75 75 42 '
Wugong in Shaanxi 2 zl 9.52 Xi’an in Shaanxi 13 21 61.90
8% VG ) 'H % P A% 2
2 . 5 23.
Xianyang in Shaanxi ! ! 476 Yangling in Shaanxi 0 21 3. 81
) > JBCRA X MRSA B AR R, H B . MRSA B
30w

G B0 2 K R R — R R Y B R PR BUW TR
IR ATk G A TR T PR A P PR 4 B R A
BRIA (MRSA) Byt 30, {7 4 2 €0, 3 % R 78 01 5] &
TR A R O . A RGE AR A Sk 1
PG TR PG AR BP 74l 7T RA 18 MRSA™, 7E
AR5, L BP SR LR 43 503 A Sk 808 TR
JRWE P AR BP SF A0 PR R A v 60 A 2 BR TR R
MRSA #178) 25 i 3% . 43 51 75 ) 130 £k 7] 5F SA 4
BRI 36 Bk AT 5E MRSA T , % 0 vE A9 B AR AT nuc
FEDRURT mecA KL PRARG I L 25 2R W 7, 130 Bk AT BE SA
PR A 103 R SA BHPE, KA I MRSA B
P40 Bk AT BE MRSA Ttk W) 15y MRSA B P 5
o IR AR VLU BP P AR b ds Sk f v TR
AR PRI 7 250 i MRSA LS 3 — 20058 7E
AW BAR AT & B MRSA B # . B A 68 0L

PR B 77 A AT R R AR I R FH 2 5 R e il T B P R
S0 TE 24 ) T B, 3 4R RN AT A I R v A 3L
B 259 .

A ZE 45 BT LA L R PYL [
F 34.95% .3X 5 Udo 1% 1 Gillet 2557 336 1Y
NG BRI PYL K H 3/ F 4.5 %0 9 N AR
R, BREENMWTG R sej ENE™E, N
98. 06 %0 » i 5 M 2 (14 4> B (0 4 Bk g
E L sea R ERHIGIFA — 30, ULUIAR [F R TR /1Y
SEOHHRE SR NEWREEANR., ARHIX
H IR 4 B 8 PR R 2 i R R R T R
FEWT B VY 5 X b XA R A O R T HELESE 2
(R PG <22, 15 BH 52 X0 b [X 4 9% €0 4 749 Bk B A7 76 55 s 1Y)
U4l R TR R 156 B A () Ml X1 4 0 4 4 BR B
P R AR . R 78 A B L
e R OGRS 1N 0 5 i 2R S R A Sy 9 B AR
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LT 1 PR A

AN B O A KA ERNA S A LR IS T
A TS TR AR 4 R0 ik IR B 4 T B Bl ek ax Bk
AT R RSB S WO A IRE Y R
BE DN R BOUR 1 B AR ORI AR R AN, B
23 4 5 (0 B ER Y sed Tl sej Fe R AE R — 4> R
KL pIBASS b, A B 215 2 [v) B A6 00 3 5 Al A 4 i
8 8 B O AT IR B Y seg Tl sed JEPA [A] )& T —A>
7 8 % 3L X 7% (the same enterotoxin gene cluster,
ege) , R I s 8 2 [l B A6 30 FE A 56 A% G T
H.seg I sei JE PR (] A A6 00 2 9 A %235 54. 5504
(6/11), sed F1 sej Fe [H ] B) 4 DU %) (9 #E 2% 35
18.31%(13/71) , X FHIE Y sed Fl sej . seg F sei
HAEBERNIALIA — B BRI A FRA
W5

AT AT R o 4 TR Y 24 M R) R R A R OG TE RY
FE PR R) R, A B ST 45 R 0] LU H o 4 B 60,4 7 Bk
PR AE G ™ F it 245 0 22 S 24 A RO . T 40 T 1Y
JoRE AT DAAE 20 T A A 18] AR B A% L B DL T 4 B 8
1 75 BR B TR ) £ S T 2 1k 5 P T AT [
WG A UK 3 26 T AR I DL B IR IR A ST . A
SER LR 4 v 004 A R T 0 AR E 1Y i 24 1 1
B ™, Bk E 100, 00 %6, 3% 5 X & F D i E
(14 4 0, 8] 4 1K TR RS Y 40 IE 1 i 25 R 80. 74
A —E 2, AT RE 5 AR A AR A B v B T AR
TRE AT B T 25 R A A . R TE AR
Az ak B AH SCER 1) R M BT T 25 ) A L S T
B FE AL 1 TR A

2 At g0 X i R ] 245 6 98 Tk S iR T
PR Sk F0 VG T Sk A8 IR i L 5w 3R ORI N VD A AR
R UL BIX 4 R 25 WL s IRYR YT el AR SE e
AL 3 B 0 LT o DA% TR AR T 25 MY & 48 5E
Tk 0T B Y O v M DR P P 4 (A A TR R T AR 1)
25k 43 AT T ok B VE 2 Ml DX R AR 43 S Ok 1 TR
Pk 2 F i 24 M R AR R 3k 61, 90 %0, SRS AR IRH
W (23.81%6) R (9. 5220 BH (4. 76 %) . X
SR 0B L AN ] b DX TR R 1) 22 i 24 A [ L 7Y 22
by DX A PR T 247 1 A R o X 0 TR 24 ) SRR P A
I X AT Rt TAE IR BBt 25 b i £
T B0z b DR P 4B B 6 3 A R R Y T 24 e HG A
b DR o PRI 5 7 322 68 470 TR 24 10 1) el P 4 o
B TR T 4 00 2 IR TR T 24 Mk Y 0 — 2D B R

A YA 5T 25 SRR W] DL L 78 2 H i 2535
SAHEOERNA 95.24%(20/21) . 1 i £1. 5% 2 /Y

M & AT sej SERIAT 98. 68% (75/76) At 4 b
Bl F 1 1, 4058 R HAS sej FEN 1T
A Z A B SRR R, A Fr ik — 5T,

[ 5% 30k ]
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