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Epidemiological characteristics of isolated strains of Staphylococcus aureus in yak slaughter
QU Yun, TONG Yao, TAN Yongping, ZHAO Yanying, TANG Junni*

(College of Life Science and Technology Southwest Minzu University, Chengdu 610041, China)
Abstract: objective: To study the epidemiological characteristics of Staphylococcus aureus isolates from yak
slaughterhouse. Methods: 150 samples were collected from one of yak slaughterhouse in Chengdu city. S. aureus
were isolated using Baird-Parker selective medium and identified by polymerase chain reaction (PCR) with S.
aureus specific heat-resistant nuclease (nuc) gene. 21 enterotoxins genes, 6 virulence genes, 4 disinfectant
resistance genes, and 14 drug resistance genes were detected. The antimicrobial susceptibility of S. aureus isolates
to 24 kinds of antibiotics was detected by disk diffusion method. Results: 67 S. aureus strains were isolated and
identified from 150 samples collected from yak slaughterhouse; and the detection rate was 44.67%. The isolation
rates of S. aureus in carcass swab samplings and environmental swab samplings were relatively high, with 56.67%
and 51.61%, respectively.12 kinds of enterotoxins genes were detected, among which the carrying rate of selx, seu
and sej genes was high. The virulence genes (hla, hif, eta, eth, pvl, and tsst-1), the disinfectant resistance genes
(qacA/B, qacG, and qacH), and 11 drug-resistant genes were all detected. Especially, the detection rate of
methicillin-resistant gene (mecA4) was 64.20%, and the detection rates of aac6 aph2’ and erm genes were very
high. The susceptibility test of 67 isolates to 24 antibiotics by K-B disc diffusion method showed that most of the
tested strains had multi-drug resistance. Conclusions: The epidemiological characteristics of S. aureus in the
slaughter process of yak were investigated in this study. It was found that the slaughtering process had the toxic
and multi-drug resistant S. aureus pollution, which may lead to potential threats to consumers' health in the food
chain. This study provided a reference for evaluating the safety risks of S. aureus in yak slaughter.
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S EHBIKE (Staphylococcus aureus) 1EERF DA 1z, KRR K. TIHEEH
RIS N & R R IR T BCHE M ) ST RT AR A, 2R Re S| B bk . R SRS, &R
B, DAGIERO AR CIE B A B AR 5 55 2 R REAR U4 o 30 1 = Rl 4 B 7 A
HROZ RN, R R. REBESE. BNEER. FAMKRE. PEER TS STETERS.
Hor, Rk (sea-selx) HmBSM) 2 il eE 22 5N R G L2 K550, 5y
TE P 28 4 RS2 A4 IO i X, B AR Ry BRI S e B 600 tH hla,  hip SEDRRAS T
WIMEEE, FEBGLAMFIN NG, BIRERA, S1ENEREEMAIRIES); H eta 1 eth H:H
SR 10 2 R i v 5 3T 5| 7 B IR R A BR B PR AL R R R ER B AED: S Ah, B I B pyvl B G D
AR EAMIER, W osse-1 BRI GRASI B MR E SR S AETE R, XS0 FIM A [F 1 1E AL 51 ke rs 3=
— RIVRAEAGIG . B 20 HLHUERPORILKR, PUERDURIGT NN E G A 254,
i B AR TR Bt yr R ARAEKT) TRDRHR IS4 T2 T B BER L0, HiA R 254
(1 Jo A P 2 5 B A it 2 P I I B O . AR, B S IR B ST o B I 2
Wk H 22, 250 AEAE . TZGE I EHE . I B ™ Sl SR St gEn . Hial, 4
SXoF P A YR 4 6T 4 BR A A BIE FEAH DG SCRRIRIE AN 2, TS50 256 R A0 I e A A I R L rp 4 B
G BR T S 5 RIS AT 0T, RIEAEFU T G s (R & BR B AR H R0 26.67%, BB 4
T A BRI H 2N 14.70%, BB RS HELE = i b & 0 R A KBTS G s W R AR h
TREZE PR 6 3 (0B T BR T HEAT 4808, XS FLIN 2 PEBEAT 2047, D P 5% T A2 PR U <6 3 (0 7
HIEKW A% 2P SEs B[R, HXTEHR RIS KIS A BESS RN 2 55 2 Fhbi b 245907 A= B0 24 1«
2= R R SO IR ARSI AUAE A R SR AT S0, RIUEA-FE T 0 RN & 3 (O R A Bk B . X SEiF ik
BB VR G B R R BRSOl e 5, B RAR A BRI 25 1E . L, ROsEAHE AR 4
O 2 BRI M o AR 7 T BT T SR A i S 1 R R I J5 HEAT 4 (B R T IR AT 1 20 B
XoF 2 VR 5 T PR EE AR TR 2 70 B DR DL R T 24 R AT AR, Rk — 2P X o) B TR R AT 2 Bk
W BTSSR PPN R B 52 015 4 08 (7 & BR B 2 4 U SR I 2 5k His
1 MRl E7E
L1 sSREe PR

7.5%FMENA ) Baird-Parker BiflE R 7736, 1% M ERATON M BE R . i A s RS B8
(TSA) }i7rd%k. JEREE RS W% (TSB) K774, Muller-Hinton BiflF (MHA) K77k HHmEF
Vel A E ARG BRAF] ;. SDS B HiRb R Talf) s Tris WHAE AL BHIA R AR A A ;
ToK Ol A G0 Hl R IR SR A IR A W] ;. REGULAR AGAROSE G-10
RIEERE BIOWEST A#]; GELVIEW #ZERY4kl K DL 2000 Marker FAEY) TRECKE)ARA A
PCR 514 LAV TEARAF: Master Mix bl ERINRIEARAT . 1 XTAE ZMHiEH;

IxTE  Z2m#; REGULARAGAROSEG-10 B35 fig ki BIOWESE A #]; GELVIEW %44k}
DL2000Marker FEAY TIR(KIE)VHR AT F4407 Oxiod Limited A F o
1.2 X5 &%

DYY-6C BUALIKAX  Abmi/N—1X 88 s WDS00B RGN A 17 s 2 A At b v B A PR A T 5
PTC-200PCR {%. UniversalHood I B4 EEfXpif%{X  Bio-Rad AF]; SW-CJ-2FD i TIES ik
BTN 2R SEARA R AR UV-6100 700G T Rl A AR A s GHP-9080 /KA H
BEFM RIEFREEA A RA R HZQ-F160 &RIRG M LA KOHRB RS
AKHL-I11-24 3]k 4l /K HL( 67 30T FCHT R T S B 27K B4 MLS-3020 HL#A [ 3l K 1 4
HZ SANYO A#]; 5804 R % Eppendorf ¥1% 2.0l Eppendorf # [E H R A #]
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FARAAT 30 3 BB EireEA (BETIR. BEihim) #1731 4 FF L BREART 29 )
FLF 150 7, SRAERSTAH 2018 4F 11 H o
1.3.2 S o (08 & BRI 1 7 B 4tk

SR OHERE N BANS I (B EbRE R IAE Y 50 4 B (0 % BR B RS )
(GB 4789.10-2010) #AT03),
1.3.3 & OHEBRE NS T 5 5E

WAl LI R FP 2 TSB #5395tk r, 37 CIRGEEFE 18-24  h, KA SCHRHRE J5 V2 H HU B Ak
DNAUS, &3 (A & BRI ATCC6538 ARAMES WMk, LAE s ORI & BRB I nuc F£18 51 Y347 PCR
Y1, BARSIWIRESIN: EW5IM: 5-  AGTATATAGTGCAACTTCAACTAA-3; RiFslI4: 5°-
ATCAGCGTTGTCTTCGCTCCAAAT-31", SIWHATAY TH (L) BARARE M. PCR
SMAEZ 20 pL, % Taq 1.1xT3 Super PCR Mix 17uL, b, Fi#514)% 1uL, DNA B
IpL. PCR X MFEFF: 98 CHIAEM: 2 min; 98°CAME20s; 59 ‘CiBK 10s; 72 CHEfH 30 s; L3541
G, 72 CHEM 2 min. H4 PCR F=WIE 1%Ba IR kA I, [RI BlEATLIZE B FH PR 2% i P ik & A
AR AT I LU .
1.3.4 4ol (R &) BR 1A 15 08 L iV 2 7 R R R i 24 6 R A

DNA BBl [7] b, 4o (O & 2R A SRR 51 0 51, 338 B, FaB R B L
# 1, PCR RMfE R ks

R 1 TSR E 3 4575

Table 1 The primers used in this study

—— ] BARE  HBKE 5
AR SRS (53" o
= cH (bp) CHR
sca-F ATGGTTATCAATGTGCGGGTGGTACACCAAACAAAAC
sea-R TGAATACTGTCCTTGAGCACCAAATAAATCGTAATTAAC 55°C 344 (18]
seb-F TGGTATGACATGATGCCTGCACCAGGAGATAAATTTGAC
55C 196 [18]
seb-R AGGTACTCTATAAGTGCCTGCCTTAATTACTAACTCTT
o F GATGAAGTAGTTGATGTGTATGGATCAAATTACTATGTAAA
¢ 55°C 399 [18]
sec-R AGATTGGTCAAACTTATCGCCTGGTGCAGGCATCATATC
sed-F CTGAATTAAGTAGTACCGCGCTAAATAATATGAAAC
60°C 451 [18]
sed-R TCCTTTTGCAAATAGCGCCTTGCTTGTGCATCTAATTC
see-F CGGGGGTGTAACATTACATGATAATAACCGATTGACC
o R CCCTTGAGCATCAAACAAATCATAACTTACCGTGGACCCTT 50C 286 (18]
§ C
g F ATAGACTGAATAAGTTAGAGGAGGTTTTATGAAGAAATTA
W TC 55C 594 [18]
% seg-R TTAGTGAGCCAGTGTCTTGCTTTGTAATCTAGTTC
1 seh-F CATTCACATCATATGCGAAAGCAGAAGATTTACACG
55C 218 [18]
seh-R CTTCTGAGCTAAATCAGCAGTTTGCAAACTTTACTCTC
sei-F AGGCGTCACAGATAAAAACCTACCTATTGCAAATCAACTC
55C 154 [18]
sei-R ACAAGGACCATTATAATCAATGCCAAAAATATCCAGTTTC
i F TGATGGTGGAGTAACACTGCATGAAAACAATCAACTTTAT
G 55°C 102 [18]
sej-R CTAGCGGAACAACAGTTCTGATGCTATCAATCCATAAAT
sek-F GTGTCTCTAATAATGCCAGCGCTCAAGGCGATATAGG
55C 282 [18]
sek-R CGTTAGTAGCTGTGACTCCACCATATATGTATTTAG
sel-F ATTCACCAGAATCACACCGCTTAGAATACTCGTA
60°C 469 [18]
sel-R GTGTAAAATAAATCATACGAGAAATTAGAACCATCATTC
sem-F CGCAACCGCTGATGTCGGACTTTTGAATCTTAGG
50C 572 [18]

sem-R CAGCTTGTCCTGTTCCAGTATAAATAAGTCATAAG



I i)

BRRT

W E K

OH b o &t & 08

sen-F
sen-R
seo-F
seo-R
sep-F
sep-R
seq-F
seq-R
ser-F
ser-R
ses-F
ses-R
set-F
set-R
seu-F
seu-R
selx-F

selx-R

hlo-F
hla-R
hip-F
hip-R
eta-F
eta-R
etb-F
etb-R
tsstl-F
tsst1-R
pvl-F

pvl-R

oxa-F

oxa-R

aac6’/aph2’-
F

aac6’/aph2’-
R

tetM-F

tetM-R
ermA-F
ermA-R
ermB-F
ermB-R
msrA-F
msrA-R
mefA-F

mefA-R

TCATGCTTATACGGAGGAGTTACGATACATGATGGAAATC
AACCTTCTTGTTGGACACCATCTTTAAATACATTAACGC
GTGGAATTTAGCTCATCAGCGATTTCTAAAGAATTTCTAGG
GTACAGGCAGTATCCACTTGATGCTCACCATGACAATGTGC
ATCATAACCAACCGAATCACCAGAAGAAGGGTGAACTC
GTCTGAATTGCAGGGAACTGCTTTAAGCAATCTTAG
GGTGGAATTACGTTGGCGAATCAAAATTTAGATAAACC
CTCTGCTTGACCAGTTCCGGTGTAAAACAAATCGTATG
TTCAGTAAGTGCTAAACCAGATCCAAGGCCTGGAGAATTG
CTGTGGAGTGCATTGTAACGCCCCCGTATATGCAAACTCC
TTTTTGTTGAGAGCCCGTCTTT

ACTTCATATTCGCAGGACA
AGATCACAAGCTACTCAAGACT
CCATCAATAACATCACCCA
ATGGCTCTAAAATTGATGGTTCTAAAATTTTAAAAACAG
GCCAGACTCATAAGGCGAACTATTAAATTCATATAAA
CTATCGCTAGGTATCATCTATG
GCAACTCTGTATGTTCCTTC

AGCAAAGTCTGGTGAGAATCCTGA
GAAGTCTGGTGAAAACCCTGA
CAATAGTGCCAAAGCCGAAT
TCCAGCACCACAACGAGAAT
CATTTGGTGCAGGTGTTGATTT
TCCACGGATTTTTATTTTATTTATTAC
ATATTATTTTTACACCCGCTCAA
TTCCCCAAAGTGTCTCCAAAAGTA
TGCAAAAGCATCTACAAACGA
TGTGGATCCGTCATTCATTG
ATGAAAAAAATAGTCAAATCAT
GATAGGACACCAATAAATTCTGGATTG

GTCTTTCAGAGTACGGCATTA
GATTTTCTTAGCGGCAACTTA
CCAAGAGCAATAAGGGCATA
CACTATCATAACCACTACCG
GTGTGACGAACTTTACCGAA
GCTTTGTATCTCCAAGAACAC
GTTCAAGAACAATCAATACAGAG
GGATCAGGAAAAGGACATTT TAC
CCGTTTACGAAATTGGAACAGGTAAAGGGC
GAATCGAGACTTGAGTGTGC
GGCACAATAAGAGTGTTTAAAGG
AAGTTATATCATGAATAGATTGTCCTGTT
ACTATCATTAATCACTAGTGC
TTCTTCTGGTACTAAAAGTGG
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i) : Boailtl = MEER
grlA-F ACTTGAAGATGTTTTAGGTGAT
55°C 618 [25]
grlA-R TTAGGAAATCTTGATGGCAA
vanA-F ATGAATAGAATAAAAGTTGC
62°C 1032 [26]
vanA-R TCACCCCTTTAACGCTAATA
chlA-F CCTGCTAACAATAGACCTGA
52°C 768 [19]
chlA-R CGCTTTAACATTTGCGATAT
blaZ-F TGAACCGTATGTTAGTGC
53°C 681 [23]
blaZ-R GTCGTGTTAGCGTTGATA
tetA-F CTAAAGAGGACCAGAAGACT
55°C 512 [19]
tetA-R ATAACCCGGTACTAATAACA
norA-F TATCGGTTTAGTATTACCAGTC
53C 406 [19]
norA-R AACTTCTGCCATAAATCCAC
mecA-F TCCACCCTCAAACAGGTGAA
56°C 139 [27]
mecA-R  TGGAACTTGTTGAGCAGAGGT
qacA/B-F  GCAGAAAGTGCAGAGTTCG
55°C 361 [28]
qacA/B-R  CCAGTCCAATCATGCCTG
qacC-F GCCATAAGTACTGAAGTTATTGGA
55°C 195 [28]
fif qacC-R GACTACGGTTGTTAAGACTAAACCT
i
% qacE-F ATGAAAGGCTGGCTTTTTCTT
bl 55°C 332 [28]
;;-z qacE-R TTAGTGGGCACTTGCTTTGG
e S
53] qacG-F CAACAGAAATAATCGGAACT
55°C 275 [28]
qacG-R TACATTTAAGAGCACTACA
qacH-F ATAGTCAGTGAAGTAATAG
55°C 295 [28]
qacH-R AGTGTGATGATCCGAATGT

1.3.5 <ot 4 BR A i 24 2 AL AR )
25 H S B AR 4 S [E 1 PR AU S2 58 AR #E P2 (Clinical and laboratory standards in stitute, CLSI) #
FEM K-B 407 5 BuE 3 ATEAE, S0 45 BRI CLSI fIbrdEAT R e, BT DU 299 SR = LR

20

K2 BT 24 PR GMRISEFINRE

Table2 The concentration of different drugs used in this study

U 2R 2Ry PEAMNRE KA SEQw
KT FOX 30
Sk RS CTX 30
DB

Sk fufthme CAZ 30
Skt CTRX 30
PN GEN 10
B KR A2 AK 30

AR
RIEER KAN 30
HHR SM 10
WHRDE cIp 5
Vik=k N LEV 5

MRS
I CIP 5
IR R NOR 10
B- P9 B i HER PEN 10



Bl : BRRZT GETP
ERLTIPIN OXA 1
HERLE ECRTA AMP 1
BHEFMHRE W LR 7 IPM 10
KIS B RSN ERY 15
IWEZS SN IEZS-S TCY 30
AR B AER CHL 30
EZeS HE#ER VAN 30
NNES O R CLI 2
CWHERE FIHEF RFP 5
(GEETNES R 2 (K] F 300
HERARULE R TMP 25
EZleS FrEfk B B 10
1.3.6 Hdla AbBE 73 #r

IR R A2 T AT ES 3k, 4iRUVTIE £ SD #ox, HdliRH SPSS 19.0 4t
T AR, K Microsoft Excel 2 B % .
2 GR55H
2.1 BABERVTEEOHEARESE. g

4 8 (04 B BR 1A TE Baird-Parker “PAR I B & A A RTE BOETE, Jolrid, RImRE, #EH
FIEZ P . AWFFUIEREERES 150 4y, Horh, SEFFEA 60 4y, HEZF IR AE T 30 47,
HEREARTCT 31 43, BREARIT 29 3. it PCR AGIINTE BIHEHT nuc 3 N 1 4 3% (8 & BR T FE 67
PR, BRHERLAN 44.67% (67/2000. Hrr, LEHTREAKE 22 8k, R FRLA0N 36.67% (22/60);
AR AR REARI TR 17 Bk, KR LN 56.67% (17/30); HEFEAR AR 16 Fk, BHERL
N 51.61% (16/31); FEBFEARE TR 12 7k, KL 41.38% (12/29).
2.2 WEIF B SERAYT S B AT BR B 20 2 B AR EE ) B R A 1 DL

PCR Krl 5 R IR, 67 Mk BHkE, HEMEER (sea-see) K, HMmHER+
seg. sei. sej. sek. sem. seo. sep. ser. ses. set. seu FLil 11 MfpERERNMAEH, Hr
sej. setv seu F selx IR H BH R B S, selx Fl seu K H 2 ik 97.01%F1 91.04%, sej #rHE N
64.18%, set IR tHZ A 31.34% (LKL 1o BEXTHADEE ) R R I 25 SR v WL 2, Wi 3R 2R X Ao
AT hIB BIRS HIZR YN 76.12% (51/67) F138.81% (26/67); FEFHMEFRIEN eta. erh K HFRN
4.48% (3/67), 11.94% (8/67); AHAMMBERIER pvl K HF N 5.97% (4/67), HFEARTIIEE R
tsst-1 FHIERS HI RN 11.94% (8/67), BT B MR4E# A J UL 175 1 25 A

100 | 91.04%°01%
7
%0 | y
w70 64.18% % %
E 60 | % % %
a0 . 1
e % 31.34%% %
S . .
< os0 ¢ % v
. g
20 7 14.93% BN
597%% v 8.96% % % %
12 b.ou%lu.oo%?.Uo%‘o.uo%‘aou%lljw%lo.oo%l '% % 239%.0'00%. % Iu.uo%‘z'?g% % Io.ou%llf@%‘zfg% % % %
sea seb sec sed see seg seh sei sef sek sel sem sen seo sep seq ser ses set seu selx
NGRS

| BB REFENKGHER
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Fig.1 The detection rates for 21enterotoxin genes
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Fig.2 Detection rates for other virulence genes
2.3 OO A BR A T 7R DR AT 1 U H 4 IR
Mif 1 #7703 A qacA/B kG 0N 28.36% (19/67) . qacG. qacH WIBAYER B, 4050

70.15% (47/67) F1 71.64% (48/67); HA gacC/D MK R G, X% 95.52% (64/67), VLK
3,

00 95.52%

70.15% 71.64%

| 28.36%

(%) 4% EE =
o
=

qacA/B  qgacC/D  qacG gacH

[REESE
& 3 M HETIEE ARG R

Fig.3 Detection rates for disinfectant resistance genes
2.4 e 0 T BRI 24 R 45l 15 LA 25
67 PRGBS TEMRIN) 14 T 25 ZE DRI R 25 R b, ZUHEWEH SRIN 25 2518 Caac6 /aph2™) FIRIRA G
CermB) IFAERY 25 =ik B 86.57%(58/67); HikJE blaZ (76.12%, 51/67)+
mecA (62.69%, 42/67). tetM (64.18%, 43/67)+ ermA (61.19%, 41/67)+ chlid (50.75%, 34/67).
tetd (40.30%, 27/67)« nord (35.82%, 24/67) Flgrld (25.37%, 17/67); R 1 ¥k B @bk
vand FEK (1.49%, 1/67), oxa. msrAd Fl mefd FER AR H, ZRENAE 4,
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Fig.4 The detection rates for 14 drug resistance genes

2.5 AR (0 A BRI V) 2 RS G 45
67 PR BB MRS 24 PRI AE A A FEIMM 253, W3k 3 Fivn. & (VR & 3R 0 s Ak 2=

(62/67, 92.54%) it FK e, HIREHHR (57/67, 85.07%) FIET (55/67, 82.09%). Z ¥
PEK (52/67, 77.61%). LEEHEIVE (48/67, 71.64%). WUINEK 43/67, 64.18%). L5 %
(42/67, 62.69%) HEFE (37/67, 55.22%). BKEE (37/67, 55.22%). KKER
(30/67, 44.78%) FIIAHIPE (27/67, 40.30%). kAP £ LMIE T (47/67, 70.15%). =k
HIMENG (44/76, 65.67%) Skfillika (41/67, 61.19%) Fiskffhng (36/67, 53.73%) MIFitEHE.
HEZ T, M-RIBFR (19/67, 2836%). AFHR (15/67, 22.39%). HE B (15/67, 22.39%). it
BIVE (11/67, 16.42%). Fitidz (11/67, 16.42%) FKIREZE (9/67, 13.43%) MIPitEiIK,
BT 43 8 AR 0 s r R . 64 /R (64/67, 95.52%) AT ZEMZ51E (b3 A &L EHAEZRD.
82.09% (55/67) BWIRIL 5 FLA EFIA R, 59.70% (40/67) HHEHL 10 B EHiAER, 9.00% (6/67)
RN 18 Pt A A Bk

® 3 SREHMEREEMA 24 FHIER NIRRT

Table3 The results of antimicrobial susceptibility test to 24 drugs for S. aureus isolates

it 24 A U
PR A
HREL TR (%) L3 A (%) TIRREL HERR (%)

WAREER 62 92.54 5 7.46 0 0.00

HHER 57 85.07 2 2.99 8 11.94

FAEF 55 82.09 11 16.42 1 1.49
RIS 52 77.61 7 10.45 8 11.94
V=R N 48 71.64 15 22.39 4 5.97
KAPE T 47 70.15 10 14.93 10 14.93
kAN 44 65.67 14 20.90 9 13.43

UEI- 43 64.18 21 31.34 3 4.48

RS 42 62.69 21 31.34 4 5.97
kA b 41 61.19 14 20.90 12 17.91
Sk 5 37 55.22 19 28.36 11 16.42
BA R 37 55.22 25 37.31 5 7.46
kAt 36 53.73 3 4.48 28 41.79
RRER 30 44.78 30 44.78 7 10.45
2N 27 40.30 28 41.79 12 17.91

Tl R 11 16.42 52 77.61 4 597
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RIMER 19 28.36 41 61.19 7 10.45

ABER 15 22.39 38 56.72 14 20.90
T E kB 15 22.39 18 26.87 34 50.75
ERID 11 16.42 38 56.72 18 26.87
IR 22 [X] 9 13.43 33 49.25 25 3731

HHR 0 0.00 26 38.81 41 61.19
ESLIY N 0 0.00 7 10.45 60 89.55
DAt 0 0.00 0 0.00 67 100.00
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