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Abstract : In order to study the characteristics of drug resistance. resistance genes and genotype of Staphylococcus aureus in
different areas of Jiangsu Province, a total of 227 Staphylococcus aureus from each hospital were collected during January 2017
and December 2017. Fifteen Antimicrobial minimal inhibitory concentrations were detected by method of micro-dilution broth.
Seven different resistance genes were detected by PCR. Molecular typing was performed using multilocus sequence typing
(MLST). Results indicated that the 227 strains of S.aureus showed high drug resistance rate to penicillin, erythromycin, ce-
foxitin, oxacillin, clindamycin, levofloxacin, tetracycline and gentamycin. Though the strains were sensitive to teicoplanin, ri-
fampin, sulfamethoxazole, daptomycin, linezolid and macrodantin, the drug resistance rates were less than 10%. The results
also revealed that all isolates were sensitive to vancomycin. Of 117 strains of MRSA were found that the average drug-resistance
types and the carrying number of the drug-resistance genes higher than those of MSSA (P <C0.05). The strains from north of
Jiangsu Province exhibited a more number of drug-resistance than midland and south, while drug-resistance genes of Midland
had more quantity than the south. Sixty STs were discovered in the 227 strains of S.aureus, and twenty-nine of them were no-
vel. ST59 and ST398 distribute the largest number in all isolates. Clone complex 59 (CC59) indicated a higher number of drug-
resistance and detected rate of MRSA than any other clone complex. In conclusion, the isolates of S.aureus from different area

in Jiangsu Province display differences between drug-resistance

% —{E#.# 4, Email: hongjie@jscdc.cn; rate and drug-resistance mechanism, and the strains of CC59
ORCID: 0000-0002-6480-0029 had a grim situation to drug-resistance.
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4P O 2 BRI (Staphylococcus aureus , SA)
S B X G R B PRk g Y — b R
SA JTIZ o3 AT T4 N B B K 2 A S5 I SR AL
IF e A 51 £ iR 28 R F i R MR
PrA: R I IRIT MR IER G 1y E Y BB E U R
FZAE T SA X 2% B U A= & Y UM 2 AR
FEFR [, it 4R P PR B B €0 4 %5 BK R (methicillin-
resistant Staphylococcus aureus s MRSA) K Hi 245
1 B T SABRYE B 50 % LA B 240 MR-
SA X H i PR 2 Kk 22 8hi A R 25, B
MG R R A T i b R T ARUBE M L R AR e
AR E A 3 O AT R B K N A T Gk
50%

SA XA [E] 9 BT A= R A A 8] 1 T 25 AL X B-
A T B 2 24 W ) it 25, 2 B ik mec BRI G 1AM
FE G OB 0 5 R A5G 8 LU A A B P G i it BEL
1259 30 A VE R AP AR 7 20 s X T IR R K 2
Yyt 25, 32 BEIm AL rer M LD I 2540 3 A WE AR A 15
VLK rer K & PR 44 1% A0 HE 22 25 F1 00 38 25 1 41 HE 79 T
2ok 2B 5 X R B N IR 2 245 W i i 24, 3
erm BB HE AL AR T B IR 259 5 2 456 7
Az A il KA IR N B R P LE R DL S esr PR 422
T 245 4 2 i

A SCHE AL BIESE 2017 A 4R 10 F N IR 1Y 227
TR 4 B 60 4 BRI L A I O X 15 Rh B AR R Y i 24
PE ARG 7 A 25 5 PR i #5 [ i SR ) MILST
T3 R 4 A W HEAT 43 1 0 AL 2 M S TR Ml XA [ ok
U568 45 4 T ) T 24 P LTS 24 WL RN A3 TRA T 2 )
IFRFE G R .
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1.1 X% KRBT 227 k4 o 60 4 BR T 1
Sk 2017 AF 58 5 [ 5 B0 T TR ISR L TR R Ok B 4
A 13 AT 26 FIE A EBE, oI5 b X 40
B, IR AbHLIX 87 Ak, JEE HL X 100 Bk, 25 8805 F bk 3%
o Bk B OATCC29212 FI 4 ¥ (4 % %5 Bk
ATCC29213 H0 [ [ 25 i A= il ot A BT

1.2 %

.21 W BRI SR O PR R R L K
T 45 885 TR XoF T A 24 0 1) e AR B B IR (MIIC) . A
i A 225 SRR A T o A 1) B0 R R I S AR 4%
I )0 A 2 G R e G AR LAV T E &R LY
HEOHEZE AHER ITHERZ BERT KK
MR AR R AT G AR E R,
R 2% W8 Rk e 22 R 2 ORI L R A ) R

BATIRA T . 248045 R A AR 4l 56 [ 1 S s R o 44
SEES AR 25 5143 (CLSD 2018 M100 T2k,

1.2.2 DNA f2HC B bR A T8 J8 55 . 37 C
B g% 16 ~18 h. P61 B 7 T8 T J0 B 9 AR B
hok b, SRR BT R Ak 09 B R R B R &
(QIAamp® DNA Mini Kit) 25 DNA,

1.2.3 25 BE RGN A PE AR 24 5L B GmecAD |
VR R i 25 3 (et K LtetM) L1 85 F it 25 5 [ Cer-
mA | ermB .ermC) v K8 F i 25 5L (LinA) 1 5]
Yy 4 2 BOCHRL6-7 0 i AR T A AR R IRy
ARAF G P YE 1.5 7 Bl WEBE R ik
90 V.50 min 7 BE B AR AL AL 45

1.2.4  MLST 7r 74380 7 MEZER (arcC,
aroE .glpF .gmK . pta tpi .yqil) B 51 9 75 = 18
4 B {0, 48 28 BRI MLST %048 % (https://pubmlst.
org/saureus/) . 4 T AY T CEE) B AR A
Al G, PCR Y™ = Wik A= T A9 T/ C i) ik
O A BRA VAT o 00 7 25 2R 1 4% 3 4 i
ZJERTE MLST Hdfs e b A7 7 4 00 A7 » 3 HCA A T vk
7 A R RN K SEAL I R 95 5 (allelic profile) , AR 5
ZENT RN 9 5 15 7 51 B (Sequence type,ST), 5
BHE P L XI5 R P v BRI ST Y, W) SR B & R
i ST 2, i) MR 46 © A5 19 ST BUff ] eBURST
OI TR AT IR A0 HT

1.3 HdEAb B R EE SR A SPSS24.0 RGEHEATSE
T A3 R BERER R O R, AE S HO00ORER JH Bk
KR, LA P<<0.05 A ZERAGITFEL, R
%)% F Bonferroni #1E P {H..

2 # B
2.1 SHEMNARAKIE 201741 AE 12 A3t
R 227 HRA T O AR, b o B [ T
FEAR 67 MR CELEE IR B A5 » 7 29.5 %, 43 85 H
TR AL FEA 160 PR CELEE 730 WA MRV L 8 M8 R TR
), 5 70.5%.,
2.2 WM PE 227 k4 60 45 BRE N
R VARE KM T R PEAR SO R AR
VDAL IR PSR W 2 R A
LT IR VB R AR R RIS e DL K
W 2 R 22 B UG T 2 R R T 10%, HT A R
PRI T R RO, BT TR R Y B AT 2445 5 W
1.

227 MR L i =28 UL BB AE R A R bR B
ZEM 25 H Bk 98 k.5 43.1% . A 1 #kXF 10 i
Rt 2 XA 15 A R IBUSII R R A 10 B,
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Tab.1 Drug resistance of Staphylococcus aureus

HLE Y it 245 B BR AL () i 25 28 / %
2R I Y B 117 51.5
KA 127 55.9
HHR 208 91.6
MU ER 53 23.3
LLHER 156 68.7
TR R 99 43.6
PANES 3 0 0
BERT 7 3.0
RK#HR 45 19.8
e R B 75 33.0
4 3 1.3
5207 i 15 6.6
LIRS 3 1 0.4
R 25 e iz 2 0.9
Wk e 2 (K] 9 4.0

T TR B AL 53 5 18 TR R 28 i 25 5 3.82 B, T

JHCHRASE 4 B3 1) TR R ST 2 TR 25 8k 412 i, AL TR B
T i 245 F BRI AS [ B A T 24 R Y R AF e Ge it 2 22
S (¥ P=>0.05), Fndb Hi X R RS 2 i 25 R AR
4,49 Fi, I3 B b XT38 245 Rl R 3,74 A, D5 b b
XS X4 1t 25 B 3,75 B, J A6 b X i 25 R s T
TR X E Rk (Z=—2.206,P=0.027), H7dtHb
DBk SR EE R 25 R 8w T b (X =5.643, P
=0.018) FI I Hb X (X2 =5.523, P =0.019),
2.3 MRSA 5 MSSA i fFol  A#F5E L AR
(18 2 s G PR 4R W R 8 T R e Y R ) 4 R TR
Fil 72 Ay Tt 4RV bR 4 ) o (MIRSAD , FE RS 1 117 Bk
MRSA, it %5 51.5%

T T BB AL FRAS K H MRSA35 # , FF A bR A<
Kt 82 bk L AN A & AR A8 MRSA K R TC 48 2%
ZH (P =1.109,P =0.292), ZrdtHb XK I MR-
SA 45tk , 75 M DX AR K R 22 Bk L 95 R b XA
50 #k,3 AN HE X 2 [] MRSA K H 3 JC 48 11 2% 25 5+
(X*=0.288,P =0.866), MRSA - ¥J[if 24 Fh %% 4.
81 Ffr AN TR 2R 7 A , 4L PG AR BHUJER 4 7 P (me-
thicillin-sensitive Staphylococcus aureus, MSSA)
S 2t 2 R gk 2.14 Fb, MRSA T 25 F50 = T MSSA
(Z=—11.172,P<0.001), H MRSA MK K% &
it 25 % 5 T MSSA(X*=5.141,P =0. 023),

2.4 THZGEER ARG OL 227 Wk 4 8 A BR
1 mecA tetK tetM . ermA .ermB . ermC | linA Tit
2l 3 PR 1) 85 47 1 OO DL 3 2., A T T 34 5 Y T 2 3
PRUL5T A~ 7 Fhifif 24 5 AR #5707 i T AR A 51 Bk
A 16 th I 24T 4 B 25 5L L i WL 4 Fh
it 25 3 R e 1% mecA +ret K +ermB +ermC

x2 WMHEERBLFBHR

Tab.2 Carriage of durg-resistance genes

iiif 2 £ A W R B () #ar e/ %
mecA 107 47.1
tetK 32 14.1
tetM 21 9.3
ermA 32 14.1
ermB 37 16.3
ermC 101 44.5
linA 15 6.6
None 51 24.2

TC VA BB AL 53 15 %) TR b T 34 48 0 TS 24 R DA AR R
1. 58 Ao FF RS 43 B 1) DA Ak T 2 485 2 T 24 5k R 4
1A A, AN A EBAL 43 B3 B Y B BR T 24 58 DR RO
G222 7 (Z=—0.709, P =0.478), MRSA
R ST S8 #5072 FE R R 2,15 4>, MSSA T b1
P4 T 25 L BCH 0.83 1, MRSA #5451 it 24
N8 5 T MSSA(Z=—28.750,P<C0.001), #Hdt
b DX R R ST 359 5 A T 24 36 AR 1.55 4, 9 g L IX
M 135 AN IR LK R 1.80 A, 5 P B bR T 28 32 1N
PR BB TR X (Z = —2.048,P =0.041) ,
2.5 MW MLST 4y F4r A0 78 227 bR &8 b
RIT 604 ST B, Ho gy 29 A~ A8 ST 7Y,
8 59 BRI, 26.0%, B ST RIBEFEE S
b ROYE R IR AR B ST B g5, o R
ST4842-ST4870, FE ST B4 A& M WKl 1,

W A ST BIKHE S A eBurst Bk 17 R 2643
BT+ T B JIT 05 S /A [R) 45 67 S LBy 6, BURE F
{H % E 1000, 5 R WL E 2, $£4 31 4 ST #1435
LI ST5,ST59,ST398, ST630 Fl ST4495 g i i &
K5 AHEL 49k CC5,CC59,CC398, CC630 F
C4495, JFEH R 138 Bk, 5 61.7% .,

N R R 7S S PR AN () b d8 A T bk R B ST AL
L 3,
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ST121,4,2% mST2631 W ST4495
ST4613,8, 4%

STA513,4,2%_—

$T4495,5,2% ST338,3,1%
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Fig.1 Distribution of major STs
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Tab.3 Distribution of major STs from different isolates and areas
FEA KU b IX. AR T 24

ST # TERETE o o o

P ¢ T A JC T HR AL pield pis piNte) MRSA MSSA
ST59 CC59 25 5 17 3 10 25 5
ST398 CC398 19 11 7 9 14 16 14
ST630 CC630 11 4 0 8 7 11 4

ST4863" NA 10 4 6 1 7 2 12

* KRR ST B NA F£R AR H A WL RERE
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2.6 U B R AR N 4 I T TN 25 ARAE AR OCHE L
BE 5 AN DA (0 TS 2 50, S B80T 25 B RLR B 2R R
i 245 % F0 MRSA it PR L& 4, CC5 Bk 25
PR T CC59 (% P =0.015) ,CC398 (I #& P <<
0.001) ,CC630 (¥ P =0.05),CC4495 (%% P =
0.007),CC59 & F CC398 (% P =0.002),CC630
BT CC398(IHHE P=0.003),

CC5 Tif 24 & A #5 41 %o T CC59 (A% P <
0.001),CC398 (I *#& P <C0.001),CC630 (4% P =
0.037) ,CC4495 (% P<C0.001),CC59 &5 T CC398
(H% P =0.02), CC630 & T CC59 (% P <
0.001),C630 BT CC4495(JH%& P =0.042),

CC4495 Bk 22 SR TP BT 245 % 3 F CCh9 (X*
=9.558,P =0.003), CC5 FFEM MRSA K Hi K =
T CC398(A* =14.131, P <<0.001),CC630 (X =
11.216,P =0.001),CC59 @& T CC398(X*=8.122,
P=0.004),

R4 TRKEEKRTAEXFELS
Tab.4 Comparison of drug-resistance characteristics

in different clusters

S CFEm AR E MRSA
ik FEHE MR/ Rl %
CC5 6.38° 3.24° 42,9 100°
CC59 4.41% 1.90% 17.1¢ 82.9°
CC398 2.69°¢ 1.11° 41.7% 52.8"
CC630 4.83% 2.31¢ 41.4% 69.0°
CC4495 3.55" 1.18e 63.6" 81.8%

T 25 A AR B B L R B B IS RO IR R
WA S A it 22 5 (P<<0.05) . FRAHF £ R LG L&
e R (P>0.05),

3 #

FBARA BT R BLBE A MRSA 19K %6 0 4F
o L BT A 4, EL R < 0 1R AY TR 25 01 S5 AT5 AR 1
PR AW 5T 2 B DR 0 1 114 22 B T 24 < 7 1A LE
Pl it 4020, MRSA B4 H ARl 50 06, 46 H &
T AR B M B Y 29,5200 R FR R I M XY
26. 206", AHFSE Y 42 A T 0 22 F BT A R A
R G A E 2B X LYY R e A
M FY PR 73 8 MR T 25 ARG L (HAE VL9595 L
i HRORITSA3 R 3 X3 78 ) ) < T T R AR A T 24 b SO
SOMREE FR Y 24 37 A7 AE 22 5 PR AN TR X4
A 2ROl R AT LSRG T R o T < TR 24 R A

AP

ABEFE T 4 W mecA Fl ermC 450 R A,
Bt 40 %0, 5 8k % 55N 40,0 %0 &5 AL A
BT ERRENIW 21.7% ., 1 tetM .ermA .ermB #
WHRMT ELAHEAN RS R, A5 T%
BT Y T 2R R R T Y A R[] B AR B
YL AR R IR A LT o R 95 R M XA B R AT T 24
DRI 485 5 H5ORN 485 707 230 AR R (] DAL 0t 00 AN (] s IXC 4
TR BT R B AL A E . AWFE R
Rl T SO bR R 25 FE R LinA L PHAE AN 6.6 %,
AR T e bR R AT 25 2 43.6 %0, HE il SO AMREE R Y
iy 245 LA 5 i 245 0 200

S W HATAE MLST 8046 FE b iy ST Bl &
AL 4 800 AL ML I B 1Y 227 PR H s A L ST
60 A~ Hh BRI ST A 29 A~ B N FH
R EELE M ARAE . B9 R STS Al ST239 &3k
B e PN 0 85 60 4 A TR B UL ST 2L R e [ 24
WA 3 L TR 2 BE N MRSA /Y E 28 5 2
— U 5O TR R — TR P 22 R B S R Y
# MRSA f F% ST A7y ST, ST93 #1 ST1. i
FEABEGE T & B ST5 Ml ST239 ¥ MRSA,
fHJE MRSA 7> fii fx 2 B ST B ST59 Al
ST398. MSSA H /) 4i fix 2 [ J& ST398 I ST4863,
I ST59 A ST398 M £ S 4t X 345 MRSA(Com-
munity- Associated Methicillin-Resistant Staphy-
lococcus aureus s CA-MRSA) ) = RIGI , 11 g 22122
AN B AF 5 A SR #E G 28 FTRR U ST398-MR-
SA B % & # % MRSA (Livestock-Associated Me-
thicillin-Resistant Sta phylococcus aureus , 1.LA-MR-
SA)ERFEMEF RN G A 58 L
FEM P 5B V)M OC Y ST Bl ST9, HAE AR K
WFE R KB ST, At A B 58 A S i PR 43 15 114
S U HE MRSA AR X 345 /9 L 61 mT RE 22 & T
Bt P9 ARAT 1 L A1) PR 0k 5 BBOUR G Y LG 51t 23 i s
[F) B A 4 AN ] 11X G 9 %) T A T 245 S5 R T 245 AL
J7 T A7 25 B0 B 0 A9 25 S5, IR O 6T T i B 4 3
S TR BR T B A SO SRR i 2 Ak X CA-
MRSA [ 24T DL 2 (1% 5 1 A

FEEHR: LT

SIAARTENX A, TW, R GG, % T 5 H
Re#eHAREMAR L FLAFARILFEA
Z 4k E R ¥ . 2019, 35 (7): 604-609. DOI: 10.
3969/.1ssn.1002—2694.2019.00.70
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