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WFRBARATA IR, I HA R se BEREARY SA 18 H.
AR BB AEHRAE, FeBeRe g 75 1 5 5 i #5447

fE—E 25, HEUNRE AR E 2R, IR
TN SEREREIA ) MSSA B LA-MRSA 3 /7 [H
T AT, X T SA JRYL PR B 7 B

AN T3 DR AR R AR AR 2L A s
(49 97 ¥k SA HEATHL I 245 U E IR K2 spa 4378
MLST & MRSA SCCmec 43%, M43 725 Foik
W16 #RACR BRI T 2SR 41 P o3 0T, 355
BN LT R AN DA LS ey E SIS R D O EER Y i
B R RIEAT T A b, BIE R T B X 4
I8 MRSA. MSSA WEEJJFRHE, AWF9E T E X
LA-MRSA 5 MSSA Z[i] )5 )] 25 57 L B SA B
14 B 1 R AL AR

L AR
L1 RESSRIE

R ATCC 29213 fidr E b R E %
BN ARTEH DB s 97 BRI TR AR S AN SRy
BAE 20162017 AF TN R KT EE
B2 5 A XA 10 SR W5 4 5358 3 i R B A
FOERIZLIR 4 500 M FLAEH 43 B 5 E (R 1),

* 1. 97 REMRBIRIER S BIEL

Table 1. Sources and isolation of 97 strains
Sampling areas Farm ID Number of samples Separation rate Sampling date
Yinchuan 1 64 20.3% (13/64) 201607
2 56 17.9% (10/56)
Wuzhong 3 42 21.4% (9/42) 201607
4 56 19.6% (11/56)
Yongning 5 45 22.2% (10/45) 201609
6 40 15.0% (6/40)
Pingluo 7 67 20.1% (14/67) 201709
Helan 8 31 12.9% (4/31)
9 46 19.5% (9/46) 201706
10 53 20.8% (11/53)
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1.2 FEEFAIES

BHI W7 . BHI Zikisadt, JbnthiitfiiAR
AIRAW; MERENARBO & WRE ., 5
NG| spa-f. spa-r. arcC. aroE. glpF. gmk.
pta. tpi, ypil, mec, ccr, JLREATERL AR
FRZ\F]; Qubit dsDNA HS Assay Kit (2665w i,
&), 9 Life Tech 23] ; micro TUBE AFA Fiber
Screw Cap G5 BYHEE ), 32 [ Covaris A 7] ; KAPA
HyperPlus DNA Library Prep Kit for Illumina (&%
i f] &), Kapa Biosystems 2\ /] ; Agencourt AMPure
XP beads (Wfiik i B s wEERk), 35E Beckman
Coulter /A 7] ; DNA chips (GE & CE TS ), 32
Agilent 28wl 5 2540, W R 2 0 BT
1.3 HUEZA YR E

R A9 56 [ i PR S 56 %8 B 22 51 2% (Clinical and
Laboratory Standards, CLSD#EX7LEH 0% 18
FIC T 250X 00 B R Y UL, ATCC 29213 2
FETRE, S5 RHAE S IR CLSI HER R
14 BEbkERARRK

YRR FE N 4] DNA $EHG0 &1 B 45 0F
FrE,

1.5 spa. MLST #1 MRSA KJ SCCmec 435

Xt spa 437U 2 AR MLST 43 U1 4 4 1,
WA 7 MR ZREEH S SCCmec 53 B mec .cer
FERE A T PCR Y73 . Hdk . glifk, Halife
7 A B T TS A Py H R A PR /) AT
WP e8P sg R8s P, R T oAb B, Ay
45 ERL 5 | AR 8 27 SCHR[10]65 1
1.6 SCEERRKE. WP K45 R absi

DNA % TAb a2 Pk B AR A PR

S

Fliz A IluminaHiseq 2500 #E47&E @ &MA, P

NCTC 8325 (NC-007795.1yh S % LM, 54
Hri 4 CLC genomic workbench 9.0 Xif il > 25 5 7k
TrPFEEdse, BRI PrIR AR 2 5L R4 751

1.7 BdESHr

i/l GeneMarkets 25 K ZAHICHY i SE DA 5 £l
H RepeatMasker (http://www. repeatmasker.org/) Tl
R E P4 ; #H IslandPath-DIOMB 27 HF
TS ; 5/ VFDB. ARDB #H 8 1) Kifit2y
875 fF] TreeBeST. PhyML #4%E RS kK B .

2 ERFAHN

2.1 ZHIARLSR

FiE M ATCC 29213 MIC {HAE BRI,
FLBRPEXT BV MRS, B IR R, &
WIAIRAS R TR, 2RO ES R /R, 97 Pk SA Xf
18 FIHLIE YA B T 25 (/- 1), Hrp
9 tk MRSA TRHEXTHRER . 2 NPIAR . ARIRPEAK
SLAUBETK | MR RERE . IR RRE R TR
B R 8 ML 25 AR 2 , WA VD A2(22.2%)
KR B (22.2%) . VOIA 2 (88.9%) . Z PG &R
(77.8%) . FKJE % (44.4%) B A FIFLRETHZY ; 88
Pk MSSA 43 &5 bk X B R (100%) . 2R 7 Ak
(86.4%) . Tl VM (88.6%)M 25 F 5, Hak 4T
B (46.4%)  SEMER(21.6%)FIDRREE K (26.1%).
T SE MRSA i & MSSA ®#AE A . Pk |
Tt E . BFERE R AR 100%MHUEK
2.2 spa, MLST., SCCmec 43RIZGER 5 FH
AFHE

16 spa /3 RINE 97 ¥k SA dE % E, —Ih%
SEH 16 T spa B, Horb 224 (24,27.3%) .t 518 (22,
25.0%). t359 (8, 9.1%)/& 88 % MSSA ¥ W, spa
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Figure 1. Resistance of 97 strains of Staphylococcus
aureus to 18 antibiotics.

AL, T 037 (7, 77.8%)/2 9 #& MRSA B Pk FEE
spa 1, MLST 78— %5 i 11 ST &Y, Hrp

=y AN

ST 50 (31,35.2%).ST 4053 (29,32.9%).ST 97 (16,
18.2%)/2: 88 ¥k MSSA RYE% ST &I, ST 239 N
MRSA F% ST A, X} 9 ¥k MRSA #1T SCCmec
1, EIR IR 7 #k MRSA A SCCmec TTHL, 2
¥k MRSA &y SCCmec IVHL,

TEHL 16 PR SA ST RERAM )y, Hrbad
16 Flt spa A4 11 F MLST, WLD 11, WLD 19,

XWBJ 6 4 MRSA Kk, 16 o Bitk L FE 417
H) A BE R 2533140-2908428 bp, HE[H %N
1892-2760 4>, JHERFEFFIH GC Fith 33.48%
34.91% (3% 2). COG /2N, 16 ¥R

ATREA T 24 DAY, R AL HE

Rt s AR DG RE R, HUOE B . A R 25

WA RAE . —IRETNEE R | e i

AR . DIREARFNMIER | Bk bGPzt

YRR A TS A D e AR DG IR 5 P

x2 16 HRTBEBRIEERS S ERFEFTEARSFE

Table 2.

Genotyping results and whole genome sequence basic characteristics of 16 isolates

Bacterial strains spa MLST Total length of gene sequence/bp ~ Number of genes GC content/%
JY 5 t359 ST 97 2533140 1892 34.91
LN 2 t114 ST 1 2775400 2644 33.61
LN 3 t521 ST 97 2743563 2592 33.52
LN 25 t224 ST 4053 2857273 2758 33.52
LNBIJ 26 t 021 ST 243 2775027 2632 33.56
M4 t 899 ST9 2797158 2658 33.55
NM 50 t519 ST 50 2668597 2480 33.60
NM 86 t 1939 ST9 2768142 2604 33.52
NM 87 t 002 ST 50 2669851 2480 33.60
NM 90 t518 ST 50 2686041 2508 33.59
RG 1 t 034 ST 398 2750820 2580 33.65
ZD2 t3696 ST 4053 2854734 2739 33.53
WLD 8 t5353 ST 4066 2753300 2594 33.54
WLD 11 t 037 ST 239 2903457 2760 33.48
WLD 19 t932 ST 239 2908428 2756 33.48
XWB J6 t441 ST 59 2828276 2671 33.58

actamicro@im.ac.cn
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2.3 ARDB ¥fEEHRE

Xf 16 #k SA HYFER 4 #E4 T ARDB i,
SRR 16 PROTESHRAEHT 21 25 2EIN A%
IR 253 aadD . str, aac-aphD . aph(3’)
ant; PB-WBEREZEM 253 blaZ . mecA; TRV
K23 H nord; WIRREM A IENH tet(K)
tet(M) . tet(L). tet 38, mepA, RIFNERIIM L)L
erm(B). erm(C). Ilnu(B); A5 =AM 25 A
catA. cml, Widi RZM25IEH fosB, MR K2
FI ble; FTRIKMZIEE bacd. 16 BRIUER R
Honord. tet 38. bacA. mepA BIYET R E, 4
4 100% . 100%. 94%. 87.5% (& 2-B), #% 16
PRIT BIRRIE T (00 24 BE R R4 7 LA, 3 ¥k MRSA 73
BEMREL MSSA TRHREEA R 25 2 N4 H 2, H MRSA
ST 239 (WLD 11, WLD 19)fit 253 R4 H & ik
144> (K 2-A), S2yfilEesi R BA —E R .
2.4 VFDBHHEEEEASERFEHIHETHEK

X 16 A B AR A4 3 DR 2 EA T VEDB VRS
Br, GEREoR 16 BRIF R T & A R S BORAHSC Y
BEJTIAT, A 5 A RORG B D REAR S A4 5 1 [ 5
A 184, SIS INETA 154, 5
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B 16 Moy e bRaE 23 ) N 1A e, R
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FEA s nuc., geh. lip. sak. hysA. sspB. sspC.
spl %5 B AN SCIEIN 5 isdA | isdG %5 58k
PR CIE N 5 esaB. essA. essB. essC. esxA.
esxB SF G0 R G IE N s 20518 Tk
WRARSCEE I I s eta. ZFPHEER . KGR
MK FRERIEH, 1 cna. efb. fbpA. fubA. fnbB .
TSST-1. LukS-PV ., LukM-PV . LukF-PV . lukD . lukE
RSN T AR B AE—E 22 5 () 3).
LA-MRSA Fitk XWBJ 6, WLD 19, WLD 11 ¥4
W Z RS, H XWBI 6 #5H miFl R (401
FILM LukS-PV. LukM-PV, WLD 19, WLD 11
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Figure 2.
Detection rate of 21 resistance genes.

Test results of resistance genes in 16 isolates. A: Number of resistance genes carried by a 16 isolates; B:
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&3 16 kT BHRNZHEFERNER

Table 3. Test results of virulence factors of 16 isolate strains
Virulence factors Related genes Function
Autolysin atl Adherence
Binding protein ebh
Elastin binding protein ebp
Extracellular adherence protein/MHC eap/map
Analogous protein
Fibronectin binding proteins fbpA, fnbA, fnbB
Clumping factor clf4, clfB
Intercellular adhesin icad, icaB, icaC, icaR
Collagen adhesin can
Staphylococcal protein A spa
Ser-Asp rich fibrinogen-binding proteins  sdrC, sdrD, sdrE
Serine protease SplA, SplB, SplC, SpID, SplE, SpIF Exoenzyme
Staphylokinase sak
Hyaluronate lyase hysA
Thermonuclease nuc
Serine V8 protease sspA

Cysteine protease
Lipase

Capsule

Type VII secretion system
Exfoliative toxin type A
Hemolysin
Enterotoxin-like

Exotoxin

Gamma hemolysin

Leukotoxin E

Leukotoxin D

Leukocidin

Tsst-1 toxic shock syndrome toxin-1

Heme transporter-related proteins

sspB, sspC, SplD

Geh, lip

capA, capB, capC, capD, capE, capF, capG, capH, capl, capJ, Host immune escape
capK, capL, capM, capN, capO, capP, cap5A4, cap5B, cap5E,

cap5SF, cap5G, cap5H, cap5l, cap5K, capSM,

capSN, cap8B, cap8C, cap8D, capS8E, cap8G, cap8H, cap$l,

cap8J, cap8K, capSL, cap8M, cap80, cap8P

esaA, esaB, esaC, essA, essB, essC, esxA, esxB Secretion system

eta Toxins
hly/hla, hid, hib

sea, seb, sec, seg, seh, sei, sej, selk, selm, seln, selo, selq, selu

Set 1, set 2, set 3, set 4, set 5, set 6, set 7, set 8, set 9, set 11, set
12, set 13, set 15, set 16, set 22, set 23, set 25, set 26, set 26, set
30, set 31, set 33, set 34, set 35, set 36, set 37, set 39, set 40
hilgA, higB, higC

lukE

lukD

ukF, lukM, lukS
TSST-1

isdA, isdB, isdC, isdD, isdE, isdF, isdG Iron uptake

actamicro@im.ac.cn
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Figure 3. Carriage of some important virulence

factors in 16 isolated strains.
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BR-VIERAL . AU 2 (panton-valentine
leucocidin, PVL)BE B . 4 o (5.5 49 3K 1/ 20w
P 5 (Staphylococcus aureus pathogenic islands,
SAPIs). M4MpTE 2 | RIRTIRSE; i 255600 =
Wiz, FEATI R PR E T mecl |
BlaR1 . Bla2 FJG-NBEEAE AT . AR R/ B

% MFS 125K Fexd. MORBRMZAER . 22
Tt 2526 AR (3R 4).
2.6 MR

LA WLD 19 HZFEFH], X 16 tRor stk
SR ITT R R B W ERZE R WE S s,
5K 16 BRAr BRI KRB R 6 o3, A
— SRR, JY 5. LN 25, ZD 2, LN 3
H—A4rH , M4 NM 86 H—A4r3, WLD 11,
WLD 19 [{lh—A~4r3, NM 50, NM 87, NM 90
H—A%r3, WLD 8, LNBJ 6, RG 1, XWBIJ 6
O3 B B R —AN 352 . SNP 23 Ml SR R A 4
BRRFIEME R R o 2 ¥k MRSA 43 #R(WLD 11,
WLD 19)) 4= 5 R 417 91 [R] s vy, HLBE DRI 4
BEARTFIVRHIE 22 S B0, AT TN 2 | B ) Ak
TEHAL, 55— MRSAXWBI 6)4) & # ¥
GORRBE, WA 2y B REE W EA —
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—=—Number of gene islands

—®—Number of islands with virulence genes
—A—Number of drug resistance gene islands
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Figure 4. Carriage of some important virulence

factors in 16 isolated strains.

http://journals.im.ac.cn/actamicrocn



1322

Jiahong Wan et al. | Acta Microbiologica Sinica, 2021, 61(5)

Table 4.

% 4.

l6 kT BHRENE . MARESNERER~Y

Main gene products of 16 isolated strains of virulence island and drug resistance gene island

Bacterial strains

Gene products of virulence gene islands

Gene products of drug resistance gene islands

JY'5
LN 2
LN 3

LN 25

LNBIJ 26
M4

NM 50
NM 86

NM 87
NM 90
RG 1

ZD 2

WLD 8
WLD 11

WLD 19

XWBIJ 6

Pathogenicity island protein

Tandem lipoprotein within pathogenicity island,
toxin-antitoxin system

Tandem lipoprotein within pathogenicity island,
toxin-antitoxin system, pathogenicity island SaPI

Staphylococcal enterotoxin-like toxin

Putative phi PVL-like protein, toxin-antitoxin
system, pathogenicity island protein

Toxin-antitoxin system, putative phi PVL-like
protein

Multidrug resistance protein. tetracycline transferase TemP

Methicillin resistance regulatory protein mecl. regulatory

protein BlaR1, Bl2a

Chloramphenicol/florfenicol efflux MFS transporter FexA
Bleomycin resistant protein

Multidrug ABC transporter ATP-binding protein

Methicillin resistant regulatory protein mecl
Bleomycin resistant protein

Chloramphenicol/florfenicol efflux MFS transporter FexA,
Methicillin resistant regulatory protein mecl,
Beta-lactamase, BlaR1 family beta-lactam sensor
Methicillin resistant regulatory protein mecl, BlaR1 family
beta-lactam sensor, beta-lactamase

Pathogenicity island protein, toxin-antitoxin system —

Pathogenicity island SaPI

Staphylococcal enterotoxin type I, pathogenicity
island SaPI, toxin-antitoxin system, putative phi
PVL-like protein

Immunoglobulin G binding protein A precursor,
pathogenicity island protein, toxin-antitoxin

Beta-lactamase, BlaR1 family beta-lactam sensor,
Methicillin resistant regulatory protein mecl

Telithromycin regulatory protein, 7ezR family regulatory
proteins, bleomycin resistant protein

system, pathogenicity island SaPI, Staphylococcal

enterotoxin type I

3 3t

3.1 SA BT 25
FIYE B W {6 B TR 24 9 2 45 L S T Y ) A
S APTE YA MEA NS S H YIS

AR TE 2 R

i m] DLTE BN TR A A 22 24T 2y

U U R RE . X R X A LR R 3 B
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Figure 5. Phylogenetic tree of core genome of 16

isolates.
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A BE A H T A b DX iz 28 0 TR 24 0 8 P AT AR A
o XF 16 ARAUR SA HEAT 4 DR 2 I 5 B 5d
FEX oM & B, 16 BRAGRTEHRIEAT 21 i 24 5
K, 2 #k LA-MRSA [#tk WLD 11, WLD 19 #47
M 25 5L ik 14 #, i — 2 HIE T LA-MRSA T
PRI Z B 250 . 25RO 6 45 SR Je 4 SE IR 2R TR 24
R DR 1 O S e T 2% 2R 0 T 2 W O it 24 2
RN SR PTAE R A AIIE, WD S AR
I 2515 00, T8 IR IR 2y, WG 241
A o

3.2 SA 4RI K FHEH B

HIA LA-MRSA HIBFFY 3 22— i
HAY CC398, HATE &Y RAIZN R AW,
It H R A B R 2 RE PR R B i, R
[ b B B AT A R AOR], BR SR AT 1Y
LA-MRSA FEfEE G¥)& CC398, i i1 M &
CCY, HZFVERTEAWIE N, I ELFEE IR
RS I e R AR AR ] T B B 14 B AR5 )
BTG DLEAT — 8 BRI, A0S ) 5 RN i [
LA-MRSA ST9 4y tkithay /0 —Fllz g 2 3L H 0,
F H A 11 40 8 & (panton-valentine leucocidin ,
PVL). #MEAK 7825 1EHE 2 (toxic shock syndrome
toxin-1, TSST-D)AYHH R mls 72 A2 )
CC1 #47 PVL Bpx A i % m, JFH PVL [
) MRSA CC1 BRI ik K ZH0%E 5 W 5 5 3 sea',

ABFEHRT 97 Bk SA 34T spa. MLST 4354,
—ILUE 16 o spa B 11 B ST AU, Hidp £ 224
t 518, t 359 J& MSSA kA HE UL spa B, t 037
J& 9 Pk LA-MRSA WK FE spa #Y; ST 50, ST
4053 j& MSSA FHkRYFEZ ST A, ST 239 Wy
LA-MRSA kA T2 ST B, 5" 0E 17
X A5 SA 3 RIS A —3, %E H 1224,
ST 50 433l T B HIX A SA HH W spa.
MLST #!, ST 239 /£ HA-MRSA Fy 22 AY,
LR R, 28 SCCmec £ %
o AR H SA #EAFEE ) - Jo B B X, {3
LA-MRSA FPkE MSSA FRRHE 5 2 Fh B2
JIHAF

HT SA fFERERFRENTHEAAN
[ (R AL, DR S0 1 1) 43 kil I 2 1A
R, JE A BEDR I A T T L ) AR DG
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Whole-genome analysis of bovine Staphylococcus aureus strains in
Ningxia from 2016 to 2017

Jiahong Wan, Jiawei Chang, Yanqin Wei, Qiang Ma, Guigin Wang

College of Agricultural, Ningxia University, Yinchuan 750021, Ningxia Hui Autonomous Region, China

Abstract: [Objective] To understand the basic characteristics of the genome sequence of the representative strain
of Staphylococcus aureus from dairy cows with mastitis in Ningxia, and to further explore its drug-resistant
genotype, virulence and evolutionary relationship, to serve as a theoretical basis for veterinary clinical prevention
and treatment. [Methods] In total 97 clinical isolates of S. aureus were tested for antimicrobial susceptibility by the
paper disk method. Staphylococcal protein A typing and multi-site sequence typing were done at the same time.
According to the typing results, 16 representative strains were sequenced and the obtained sequences were analyzed
by network database. [Results] Drug susceptibility test shows that 97 strains were resistant to 18 antibacterial
drugs, of which 9 strains of methicillin-resistant Staphylococcus aureus (MRSA) were completely resistant to 8
antibacterial drugs, such as penicillin, ampicillin, oxacillin, ceftiofur, sulfisoxazole, erythromycin, gentamicin, and
clindamycin. Methicillin-sensitive Staphylococcus aureus (MSSA) strains were highly resistant to penicillin,
ampicillin, and sulfisoxazole. Antibiotic resistance genes database (ARDB) annotation analysis shows that 16
representative strains carried 21 drug resistance genes, among which the carrying rates of nord, tet38, bacA, and
mepA were higher, correlating with to the results of drug sensitivity test. Virulence Factors Database (VFDB)
annotation analysis shows that all strains carried a variety of virulence genes related to diseases such as adhesion,
host immune escape, secretion, extracellular enzyme encoding, and iron uptake. MRSA strains all carried more
virulence factors, MSSA strains carried different number of virulence factors. The results of gene island prediction
show that 16 representative strains had different number of gene islands, and MRSA strains carried more gene
islands and virulence gene islands, but the number of drug resistance gene islands was not significantly different
from that of MSSA. The results of SNP analysis show that some isolates had higher homology, and the two MRSA
with higher homology had little differences in the basic sequence characteristics of the whole genome, both carried
similar resistance and virulence genes. [Conclusion] The drug resistance of S. aureus isolates from cattle in
Ningxia is serious and highly virulent. Our findings provide a reference for the comparative analysis of genome
sequence information of livestock-associated MRSA (LA-MRSA) and MSSA, and the clinical prevention and

control of S. aureus infection in Ningxia.

Keywords: Staphylococcus aureus, whole genome sequencing, drug resistance, virulence

KLt th: F&)

Supported by the National Natural Science Foundation of China (31760748)
*Corresponding author. Tel: +86-951-2061811; Fax: +86-951-2061897; E-mail: nxwgq@126.com
Received: 26 June 2020; Revised: 20 October 2020; Published online: 28 January 2021

http://journals.im.ac.cn/actamicrocn



