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Epidemic spread and drug resistance analysis of Staphylococcus aureus
ST398-t571 type in swine slaughterhouse in Shaanxi
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ABSTRACT: Objective To investigate the prevalence status and drug resistance of Staphylococcus aureus
ST398-t571 type in swine slaughterhouse in Shaanxi Province. Methods In the current study, 485 samples were
collected from a swine slaughter chain and the internal environment of a slaughterhouse in Shaanxi Province.
Staphylococcus aureus was isolated and identified by conventional detection methods and molecular biological
techniques, and then the isolates were identified by molecular typing and resistance test to 15 kinds of antimicrobial
drugs; 26 kinds of virulence genes and 13 kinds of drug resistance genes were detected. Results A total of 62 strains

of Staphylococcus aureus were isolated from the samples, and the total isolation rate was 12.8%; among them, the
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ST398-t571 type isolate was the dominant clonotype 90.3% (56/62). The results of antimicrobial resistance test

showed that all tested strains were sensitive to oxacillin, amikacin, vancomycin and cefotaxime, and showed varying

degrees of resistance to the rest of the antibiotics. 11 kinds of virulence genes (seb, seg, sei, sek, sen, seq, lukD, lukE,

lukF-PV, lukS-PV, sasG) were detected among the 26 kinds of virulence genes. All the 13 detected drug resistance

genes were detected except the vancomycin resistance gene vand gene. Conclusion ST398-t571 type is the main

type of Staphylococcus aureus in the swines slaughtering chain, and there are certain differences in the gene carrying

status of isolates from different batches and these strains has serious drug resistance.
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WO AR AT G R . R IETE, B R R BRI E
EIE R, HBUW 15 W% # (staphylococcal enterotoxin,
SE)EUIMIG, Horpdt 27 Fhlpae R kB, 45 5 Fhait
W75 % (sea. seb. sec. sed. see)Fll 22 Ml &L, 4
WA AR ARG EE RGeS RS E B
B, I — B s W A DR SR 8, o,
ST398 T I 4k 4 # (A 47 BR 11 fo = 82 A0 s e 0 2 — 19,
ARG A0 A ATER I ST398 BB KAk AEE,
AT 3 g B T SR O) ST398 4 9 10 7 45 Bk BT 1T
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1.1 SLIeHHR

1.1.1 HAXE
% 76 JB 92 37 A [l B SE R 1T SR AR R A BN 26 1.

xR1 EREBEGIAEEEITREELY
Table 1 Number of samples collected from different slaughter
links in swine slaughterhouses

. SRBEAE Gy (HEIR)
2020-9 (a)  2020-12 (b)

Sk 5 5

ZEIKKE 10 10

_— TI H AR / 5

JBR H, b AT / 10

T b / 10

AR IAT] / 10

R Er b B 40 40

JRR H BT % 40 40

Eagsphe HSKIRER 40 40

ith RSN ISS 30 30

JBE B B 19 A 30 30

LRSS 30 30

112 REEH

SO AR E ATCC25923(Fh [ BB 25 5 s 8T
113 BEL5RKA

CHA-GA {HIR/KIEFEIR(SIn L BT IT & X 35 FRa i)
#]7); GHA500 R /KB IR 40 CR A T RR AL 28 A BR A D),
ST16/ST16R fHJ ¥4 25 L AL(3E JE Thermo Fisher Scientific

ATDE
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2% WP R 1 /K (buffered peptone water, BPW) . fiji.(»i%
¥ A ¥ (brain heart infusion broth, BHI), 7.5%%Ak4HN .
Baird-Parker BifRH SR 5L (F S O A |, REBID
A O AT ERTE A R BN A A, e
HIAGER PCR RSt 355 149 . NP 2L 41 DNA sl
PR & BS18225( R4 LAY TG R H); 2xRapid
Tag Master Mix i (G MERE A W RHB AT PR \l); 15 A
HPEEEIRT 90%, b REERBFARAA]).
1.2 HmAIE

FE SRR TAL R | B4 B 58 FLAN B 25 o0 2 B R e R K
B ABUE YRR ME(GB 4789.10—2016 £ i 4 42 [ b5
e SR AR ) RFFEHE T, Fmisk .

ZESRE: BT 10 mL KRG K TCR 50 mL
B D BCE TS FERAE A, 29 30 min JFIRCE, Al
B KA NAREIZ R B I0E . AKFE: TR ST 2 R
10 mL /KK, FERB KGN %R ZERE ., K%k,
BIERT: BHXE BPW R7RIEALHEBI TR
FENRAR - IE A S S s N eSS 3~4 B, KR4S v By
Wi, BEEDE RS EASAT 5 mL BPW Y 10 mL #.04
Ho BCEA BPW BUMETR | mL, HFF 10 mL 7.5%% (k40
K, 36 °C 180 r/min FRFEEES 20 h; 5% RIS &
HFERL 7.5%F LN, 36 °C 180 r/min #RHEE5FF 20 he
13 B EEE

FA T e P PR BE U TR R H 1 5 B TR B 52, Rl
LAEFNT Baird-Parker BiBE VAR HiffA785SE, PRECRANT]
BEWVE R T BHI BFR A% Y, 37 cCHREEFR)E, FKW
WRAEA W AR A BRI B AR LRI, 76 37 “ClRsH
18~24 h ATALREFR, ZIGPRIUBERLE &R T BHI &
FERF 37 Cl w137, @it PCR Jrikdt 4 v (i 2 BRd
FEFMEEN femB TS E, I 408 A PR R 1 A
25% HHl B T 20 *CUkF A7
1.4 DNA 2H

A (085 55 5P AR PSRN TR V& T E I BHI I
160 r/min, 37 °CIRZ IR B, Bl mL R HSR T IO
1.5 mL /9 EP & P4, 10000 r/min &> 1 min, 3% I8, 5
FURE AR T 2 K 20 DNA Pt il 40 & Ut D1 17 DNA
P, /e 3R DNA A & F-20 *CIKFRR-AT
L5 FoR

Xof A 4 R € 2 K TR 0 B R AT 2L 57 4 43 B
(multilocus sequence typing, MLST)F1#jZ5 B3R A HEH
(staphylococal protein A, spa)s3il, MLST Z3%l: il x 7 4~
EERILH (arcC. aroE. glpF . gmk. pta. tpi Fl yqil)iF119"
BRI, B4 5 MLST £08 % (http://saureus.mlst.net/)
HeXERTS ST B, spa A% @Y 3G spa FERFEXTY 1771

BEATI Y, B ¥ 55 spa HUHE JE (https:/www.spaserver.
ridom.de/)#A T EEXFA3HT, $RA5 spa 437, 7 AMEREEH (arcC.
aroE ., glpF. gmk. pta. tpi F yqiL)Fl spa FEF 5 1751
N & 4 43 B 7E  http://saureus.mlist.net/ Al https://www.
spaserver.ridom.de/F'3KHL

1.6 DBEHRAFEAR

i B RE R B i AT U AE W 25 O, A4 35 )
I IR 3% 56 = 5 #E fb % 5% 2 (Clinical and Laboratory
Standards Institute, CLSDAREXIRIGZE R HITHIE . Pigs
A BRIE ATCC25923 A1 % BRI B . AT 259
K Fse /Nl ¥ BE (minimum inhibitory concentrations, MICs)
W3 2, WK SEITATHT 3 K,

®2 AR AARERRs/MIEKRE
Table 2 Antibiotics and MICs of drug-resistant

PUNZHY) SRS BYMIER L/ (ng/mL)
R PG OXA/oxacillin 4
AT R LCM/lincomycin 4
FHRER KAN/kanamycin 64
AER CHL/chloramphenicol 32
AR A OFL/ofloxacin 4
WHT R CIP/ciprofloxacin 4
RS ERY/erythromycin 8
N GEN/gentamicin 16
DU TET/tetracycline 16
R A NOR/norfloxacin 16
KA e CTX/cefotaxime 64
AR e FFC/florfenicol 16
ZVARER DOX/doxycycline 16
(P Sy AMK/amikacin 64
Hh&R VAN/vancomycin 16

17 £EHBEEHRESRFEBEREKMNAEREKQN
12 i} PCR AR 4385 Y T bR A T 26 Fhaig g FED il 13
Pt 24 SR HEA TR, b 26 FhaE S M g
HEH (sea. seb. sec. sed. see. seg. seh. sei. sej. sek.
sel\ sem. sen., seo. sep. seq. ser. ses. Seu. sev)\ /%S\‘IJI_I
MTE RS EER (kD . WkE , ukF | ukS). 0BRSS &
EAIEH (sasX ., sasG); 13 Fhilif 25 5 FALHE MLSz(RKIN R A5
K- e 2K -5E I R B 2 255 [erm(C) . erm(T)].
U FR 2 it 285 2 N [rer(M) . ter(L)] . 2B 25 25 2
[aac(6)-aph(2") . ant(6")-Ia . aadD] . B 5% K i 24 3 [ (fex4) |
NI 25 B B (dfirG) . B-N BT 25 52 R (blaZ) . Xt
MR RS- M R A PR A i 2436 [Lsa(E)
vga(A)VIFT 8 R 255 5 (vand) .
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1.8 FRitESH

FIFH SPSS 25.0 FAFREATEEH2E 3 . KA 1 K xt
ANTRIIR S 4 B (R4 BR TR PHPEREAS B . FE ORI L T2t 0k
DRI 24 43 B MR B A T 22 53 41T o

2 GERESH

2.1 SEGEBKESERITER

SR AN BRI, DA 485 (A% S RS REA T A B
62 Phax i A ER T, bk a FIHEIR b K R 50
H15.6% (35/225)H1 10.4% (27/260), MfKSr85%% 12.8%
(62/485), Nz 3 Fisn . Horb, FEAE G b 4 B 43 28 e e
W 21.3% (51/240), 1B 2SR IMARIA R/ 8RB, Hh
4.4% (8/180); 7E 25 S REFN JT HALAS ot A ) 21 4x # (274
EIEREATAE

Xt 62 B4R O A ER A 4 B R EA T MLST F01 spa 43
BRI R BIR, LR sk ilE T 5 Focemi(GR 4), H

1 ST398-t571 T i R4 X HE354(90.3%, 56/62), HIEESEY;
BN SIS P12 40405 HARDURY ST398-1034
A ST398-t1456 % | ST5-t002 HUFI ST9-t899 AU 35I| H A%
H 2 #k(3.2%, 2/62) . 2 #k(3.2%, 2/62) . 1 #(1.6%, 1/62)F1 1
PR(1.6%, 1/62), HIBRMEARGE R0, B BRI
HLE IR
2.2 ST398-t571 & H B HBKEITRIF!

MLST Fil spa S RIEIZE R BoR, K a ALK b BEA
B ST398-t571 #I 4 # (8 AT BR 3 43 B R4 BN 13.3%
(30/225)F1 10.0% (26/260), H FE K ARG &L, 205k H
90.0% (27/30)A11 80.8% (21/26), ‘B3 = T 44 MR LA H
K 10% (3/30)F1 7.7% (2/26) (P<0.01), TEEEkEA R, 155
PR | FRH BRI RIS IR Y ST398-t571 HU43E K531
9 25.0% (20/80) . 10.0% (8/80). 25.0% (20/80), ELAT F&A%-
FrE ke EMIRIARREA T, E . SRS IR
BRI 3 B R 51M 1.7% (1/60).3.3% (2/60)F11 3.3% (2/60), 4%
MK H K AR, ELA% B W B AR AL

*3 TEEBREXRNHERECHBHKENRL B %)

Table 3 Prevalence of Staphylococcus aureus in different stages of slaughter (%)

B P MK a R b it
RS2 B 22.5 (9/40) 32.5 (13/40) 27.5 (22/80)
JRHL B 5 4 S 10.0 (4/40) 12.5 (5/40) 11.3 (9/80)
HEID 2N A 40.0 (16/40) 10.0 (4/40) 25.0 (20/80)
J SE IR RE
B IR AT (R 10.0 (3/30) 3.3 (1/30) 6.7 (4/60)
JRBIRTT R 3.3 (1/30) 3.3 (1/30) 3.3 (2/60)
RIS 6.7 (2/30) 0 (0/30) 3.3 (2/60)
=5 0 (0/5) 20.0 (1/5) 10.0 (1/10)
K 0 (0/10) 0 (0/10) 0 (0/20)
FREERE JIEAR \ 40.0 (2/5) 40.0 (2/5)
JRR b 1T \ 0 (0/10) 0 (0/10)
T E A \ 0 (0/10) 0 (0/10)
YA A] b i \ 0 (0/10) 0 (0/10)
it 15.6 (35/225) 10.4 (27/260) 12.8 (62/485)

x4 2 HEHEEHD B spa DHELEER

Table 4 Spa type results of 62 Staphylococcus aureus isolates

spa 732 HE i HIZ U 738
t571 r08-r16-r02-r25-102-r25-r34-r25 8 56
t1456 r08-r16-102-r25 4 2
t034 r08-r16-102-r25-r02-r25-r34-124-r25 9 2
t002 126-123-r17-r34-r17-r20-r17-r12-r17-r16 10 1
t899 r07-r16-r23-r02-r34 5 1
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PB4, FEHEIR b 25 SRE R T HAR o 43 BRI S 1 Bk
2 Bk ST398-1571 B4 B AR A BRTE, $/R XA AFEH IR
B v 5 X5 Y AU .
23 DEMGERSH
23.1 S BAREH AN LR
P2y Z s R (R SHER, A SWN

ST398-t571 FY 4y B RRIGF BN )12 M T 24 1 Fn 22 EE i 24512,

Hethar R, SR e YA, a4FK, UHE,
FROR B T A VY I R R i 2k, WA RS
80%, JLHEHK a SBEMMTERYE .. HHEVE ., 1
MR BRI 100%0025; 55—, I w bk
X AR PR . BRSBTS A Sl R B
b, HER a 3B ik 32 3T TR 25 9 R TR 24 i s TR
b, MR b 43 B AR R AR 8 3R MR &R M 25 0

x5 TRERASHCEEKES BHRINEAYRAE%)
Table 5 Resistance rates of different batches of Staphylococcus
aureus isolates to antibacterial drugs (%)

HUAZ Y s} XK a X b
FR PG R OXA 0 0

MAER LCM
FIRER KAN
AHR CHL
AR R OFL
WNT A CIP

93.3 (28/30) 84.6 (22/26)

13.3 (4/30) 53.8 (14/26)
23.3 (7/30) 11.5 (3/26)
100 (30/30) 80.8 (21/26)

100 (30/30) 88.5 (23/26)

FARGS- 3 ERY 93.3 (28/30) 96.2 (25/26)
NG GEN 10.0 (3/30) 42.3 (1126)

PUPRE TET 100 (30/30) 88.5 (23/26)
Wi AL NOR 100 (30/30) 19.2 (5/26)
kAN CTX 0 0

A eH FFC 96.7 (29/30) 96.2 (25/26)

ZVIRFE DOX 96.7 (29/30) 96.2 (25/26)
B A AMK 0 0
Hih&ER VAN 0 0

232 B A R AR LR

LIRSS B B, 78 ST398-t571 43 Bk rh A oy
12 AN R (12/13) 0 oA, B-BERESHUERER blaZ  PUFR
KZFER tet MYFFEIRJEHTLFLR fexd 7€ ST398-t571 H
VBRI Z, O R AT 90% 545 . AR, Tt
RN Vand TETA S ERPRARH

BRI -E, W3 6 FiR. TZG3ER 4361
HEWK a FIHEK b BBk Z RIfF e B 225 . FEPHER B R
)22 5 o0 5 S MLS (R I FRIEZE-FR AT BS54 BH 7
£ B PRI erm(C), HIEHA3H1H0 96.7%F1 23.1%
(P<0.01); Tt 25K erm(T) . tet(L) . aac(6')-aph(2") .

ant(6")-Ia. aadD . dfrG. Isa(E)TEHLIX b B MH IL(P<0.01),
137 N N B B s 1R R e s B e SN TR S
vga(A)V RAERLI a BRALSRIEERY 1 S0 Bk A

®6 TRHUAEERGAERE S BN HEEREFE(%)
Table 6 Resistance genes carrier rates of different batches of
Staphylococcus aureus isolates (%)

T 245 3 R 44 R #HEK a #fLIX b
vga(A)V 3.3 (1/30) 0
erm(C) 96.7 (29/30) 23.1 (6/26)
dfiG 3.3 (1/30) 73.1 (19/26)
Isa(E) 3.3 (1/30) 73.1% (19/26)
aac(6")-aph(2") 3.3 (1/30) 53.8% (14/26)
aadD 3.3 (1/30) 76.9% (20/26)
ant(6")-Ia 3.3 (1/30) 76.9% (20/26)
fexA 96.7 (29/30) 84.6 (22/26)
blaz 100 (30/30) 84.6 (22/26)
erm(T) 3.3 (1/30) 80.8% (21/26)
tet(M) 93.3 (28/30) 84.6 (22/26)
tet(L) 3.3 (1/30) 65.4% (17/26)

24 FBHEREKIHER

PCR Kl 25 R WK, 764 ¥ (AT EKTA 26 Rk i
JIEERE T, SR T 6 AR R W EEE (6/20). 4 R E
M EE R IR FE K (4/4) 1 1 A0 BE Al o 2 2R 6 (1/2),
AN PRATREA 43 B W 2 2 2 ik R #8575 1 OO0 A6 7 L v )
T EMZER(P>0.05), Hi T A4S R RmEEE
IukS-PV {F1E T FT A ST398-t571 B A sk, lukF-PV i)™
VZHEAE(94.6%, 53/56), T lukD 77 lukE {UK: H THEYR a 43
BRI N 26.7%, 8/30). 6 Pl Ei KILH (seb. seg. sei.
sek. sen. seq)IA AR, DEEMRA W TR ILH seg.
sei, sen, TijpaE R IEN seb-sek-seq (NAEHLIK b A K H .
Y REA E B A sasG FEBHRFRH RN 75.0%
(42/56), fH7;—"EEH sasX Kkiih o

3 Wit5%R

B 25 b2 1 2 S RN R ) S5 A 6 KOF i B e,
PR % PR il it P 5 SRR IR R, DR okt P R R A 5 A £
LW EANTWEERT . ERE, HRERNHE—
KAKH RS, KLt A iohEE, B, BSEm
CIRTT BN W75 Yo i S B PR U100 At 5 i
P48 g 52 3 4 W BT ER I 0 AL 3RS AT T R A
HAYBE RT3 BP9 HE P s B w4
HIIER B B A IS . B SEBE H A H Y 4 v
FERE T ST398-t571 Al N4 Xt LE, X5 [ Py 54k
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E—F 2 G B o BRRAG: HRB  R T A fA Ak  Fn g
BIRR AT BRI R, Sk RS . T RE SREACR
ARHbIR Bt AERCRIE . B S A R AN TR
SRR A e FEZS SRR SE 7] HAAG T 4 v (i A BR A,
T SE A A G 08 €0 7 B 1 58 ST Y A 4% LA S e
AR GBS PR D AT R XURS:, T 5 | & s
S ORI BRA P AR

S WO BRI A SR LG
KHMLERRNZ L 580REA BN ERP, K, R
FANIE R G 5L PYL 7= A4 Wi Fh 8 K 585 (lukF-PV Fl
TukS-PV)ZH I, T 25 #0142 200 L A 3 20 T A 75 B 4, L3k
WAL 5 | K AN T sl R 4 s i A S0, AT
KR WwkF-PV M WwkS-PV | ZIFET 0Bk, X5
KARKI 250 25 A — 5. AR R 2 B sasX 54
(O A ER TR B0 6 I R 4 DU GE ML RE 1 06, TR AR i 4K
1 sasX AT LUTE N2 5 52 4 T 1 2 00 5 SR i 5|
KPS AR AR AT G IR sasX XAl WLIEH,
e BT —Fh 5 S eIk R 0SS & fan it sedl 2 & A
I sasG (LPXTG FEF7), FIZIEFAE t571 4Btk
A, IXALTT REARRE T S I A B (A A BR A Y R
K 307 oAb, ST398-t571 T4 bk h (L 48547 /42 (19
TR seb. seg. sei. sek. sen. seq, X5 LI e i
SEELE S

ARk, B DA R AR S A e SR A R i i fif
FH, ZTETi 24 A ER IR AR B S A 5 sp ok
ZRAVEXS 4 Fh R UL E TR AT 20, HA R R
MM R AR R, aBER. WKRE., BREEM
LG R G 251, T34 433 ik v 33 48577 T 25 35 [
blaZ. erm(C). fexA F tet(M), K ZH51 BRI 25 5L R 7Y
MR 2 M AFE— S0tk . A MSCHFZE, T U R & mE
FH/N B AS A B2, 8 12 N T R & S ad f e P2,
tet(M)Tif 2 5L R 2 58 3 A DG & B (AR A BR T ST398 M —
AR A AL RO, SRR S R — 3 erm
DRI i A O PP S ARt 1) P, T LA 40 T A M A 67
SR AR, DA fof 4 3% 60 3 28 3K R X 2L 85 37 AR i 24
PEC L TR erm(C) IR BERS A -4 T €2 8 4 BR TR
BT 24 o 4T3 R e AR AN B IR i H PTG T 208, #fE
W7 H S B NI A 005 P T RS 2ok B S TR V5 G PR ol
UEAh, BT R IR A TR TR R . RIRB R AP KGR
4Tk 245 2 TR T 24 6 DR R O R A2 — 3000, 3 b 4 S
Jir DRI AN 5 R it 245 5 PR R 36 146 190 LA RS2 5 5y LA i 24 5
R, I8N 7% 1 3 T RIS A e HAh R 2 an A MR 45

25 I a5 5 R FE R T 4 B B S 3 i s el R v A7
FEH AW O AR TS Y, RIF 8 S AEESE 5 Y,
L s 2 4 B O A BR DA TS Y 1) G A . TR B 5
PRI ST398-t571 FIZEAHIFSE v HAT 55 16

A G EMEERE X SRR YR B I 250 A
[ 245 00 1 RTRR IS 24 B R A A AR 2 St o ARG A 4
J S R VAl 0 e R R R R 2 A Bl BRI RN S A
FHAR /I DL I8 Xk A 1 S B PR o T e R R R 4 B
A ER A ) E WIS, S WA A AR T, AR
ST XU

SECHE
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