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[Abstract | Objective To investigate infection status and antimicrobial resistance mechanism of methicillin-
resistant Sta phylococcus aureus (MRSA) ,and provide reference for the rational antimicrobial use in clinic. Methods

Staphylococcus aureus (SA) isolated from various specimens in Xuzhou area in 2012 — 2015 were collected, MR-
SA strains were preliminarily screened by cefoxitin disk diffusion method, and confirmed by amplification of mecA
gene, antimicrobial resistance of MRSA was determined by Kirby-Bauer method, minimal inhibitory concentration
(MIC) was measured by E-test method, genotypes of staphylococcal chromosomal cassette mec(SCCmec) were de-
termined by multiplex PCR. Results A total of 116 strains of MRSA were identified among 210 SA strains in 2012
—2015,114 of which were positive for mecA gene, the total detection rate of MRSA was 55. 24%. Susceptibility

rates of MRSA to vancomycin, quinupristin/ dalfopristin, and linezolid were all 100% , resistance rates of MRSA to
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chloramphenicol and furantoin were both low, which were 15.52% and 1. 72% respectively, resistance rates of MR-

SA to 10 kinds of antimicrobial agents were all>>80% ; resistance rates of MRSA to penicillins, aminoglycosides,

macrolides. quinolones, sulfanilamide, rifampicin, tetracycline, and clindamycin were all higher than methicillin-

sensitive Sta phylococcus aureus (MSSA). MICs of vancomycin to MRSA in 2012 — 2015 were all 1. 0 pg/mL . MICy,

were all 1.5 pg/ml, one MRSA isolate was with a vancomycin MIC of 2. 0 pg/mL in 2015. MRSA typing results of
116 MRSA isolates showed that SCCmec 11, SCCmec 111, and SCCmec IV accounted for 9. 48% (n=11), 73.28 % (n

=85),and 1.72% (Iva, n =

2; IVb, n=2) respectively, 13. 79% (n = 16) of MRSA isolates were nontypeable,

SCCmec 1 and SCCmec V type strains were not found. Conclusion MRSA is seriously multidrug-resistant, the drift

has not been discovered in MIC value of vancomycin against MRSA, the major SCCmec genotype of MRSA is

SCCmec 111, infection control measures should be taken to control MRSA infection.

[Key words] methicillin-resistant Staphylococcus aureus; MRSA; drug resistance; minimal inhibitory concentra-

tion; MIC; staphylococcal chromosomal cassette mec; SCCmec
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Amplification Kit FIZIEHEIE B 49 TR CRi#)
A IRA A, GelGreen # iR Ze 81 1 DL2000 Plus DNA
Marker W B B 5 i MEBE AR DR BR 2 W), BT A 24
AR A e E OXOID 24 w77 i, E-test i 4R 55 4
2 E A g R ) L S AR TAEY) TR R
) B A PR w5

1.3 #H#aks AP 0L (K-B ) il MRSA
Xof il AR 5 A 19 R e 1 24 9 1) SB0RR AP o A 4T 7R 24
SRR N S LY NN 7 NN RGN TR
B EARDE WD E AHR AR ER KK
s NI SN T iR N =Ry 1 Y LN
2 AR W 2 R O T SRR T R B L
TR A e fre L BT AT 3T A0 R T 3 I e R S R
PRufEAL B 23 (CLSD 2015 i

1.4 #F % KA CLSI 2015 RiubrifE s i Sk 46
P81 (30 pg/ F)K-B . 48 5 B 36 B 2 <<21 mm
H| %~ MRSA,

1.5 ZEEF MIC A AN HEE Etest i
F 4 % 90 2 % 5E 19 MRSA #E4T MIC & . AR 3
MIC W 45 58 . 73 e i i MIC JLff 448  MICs,
MIC,, fil MIC JE H .

1.6 MRSA #iAK % ) % 5E 1 B bR R T A&
AR IR R 2 DNA L ) A% R 28 1 00 7 A 7 JHE ik
FEFN4i B, FH PCR 373 mecA 3£ . PCR Wik &
425 pL, & 2.5 mmol/L ANTP Mixture 2 uL.
250 nmol/L EFiFE5I ¥4 0.5 pL.5 U/l Taka-
Ra-Taq i 0. 25 ©L..100 ng DNA AR 0.5 pl 10X
PCR 2% thif (pHS. 3)2. 5 pl. 43 F K B 78 18 K #h
5. PCR JZ W &4 :94 C10 min FAE M ;94°C 30 s,
54 CiR J 45 s, 72 C SEff 1 min, 30 > E 3 & J5
72°C FREE 5 min, PCR P2¥I7E 1. 0% B A8 A 5 i
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(% 1% GelGreen) H H, 3k, H, E 5 V/cm, H, K
30 min, fEEER B R G NE . 51L& 1.

1.7 SCCmec B 4% L E PCR #:1T SCCmec
S 4r R, 2 18 Zhang 555 W7k T . PCR OB 14
BN 50 pL, A HF 2. 5 mmol/L ANTP Mixture 4 L,
250 nmol/L R ilF51 445 0.5 pl.5 U/pl TakaRa-
Taq M 0.5 pL.DNA A4 1 pL, 10 X PCR 2% ik
(pH 8.3)5 pL, 43 AT K B 28 7K #h 55 . PCR I 2%
f£:94 CHIA M 5 min; 94 C AP 30 5,52 CiB k
45 5,72 CHEMH 1 min, 30 MEH ;x5 72 C F- L& ff
10 min, PCR /#7535 AR EEE RS b fL K, L Uk A5 14 TR
mecA FER . BIY UL 1,

£ 1 mecA F SCCmec 3 H PCR "3 5| ¥ F H =) K/
Table 1 PCR amplification primer and size of products of

mecA and SCCmec genes

i i 38 A7 - 37) ’Lfﬁ;’g

mecA F:GTAGAAATGACTGAACGTCCGATAA 310
R:CCAATTCCATGTTTCGGTCTAA

SCCrmec 1 F.GCTTTAAAGAGTGTCGTTACAGG 613
R:GTTCTCTCATAGTATGACGTCC

SCCrmec 11 F.CGTTGAAGATGATGAAGCG 398
R:CGAAATCAATGGTTAATGGACC

SCCrmec 111 F.CCATATTGTGTACGATGCG 280
R:CCTTAGTTGTCGTAACAGATCG

SCCmec TVa F.GCCTTATTCGAAGAAACCG 776
R.CTACTCTTCTGAAAAGCGTCG

SCCrmec Vb F. TCTGGAATTACTTCAGCTGC 493
R:AAACAATATTGCTCTCCCTC

SCCmec 1Ve F: ACAATATTTGTATTATCGGAGAGC 200
R. TTGGTATGAGGTATTGCTGG

SCCrmec TVd F.CTCAAAATACGGACCCCAATACA 881
R: TGCTCCAGTAATTGCTAAAG

SCCmec V F:GAACATTGTTACTTAAATGAGCG 325
R. TGAAAGTTGTACCCTTGACACC

WARIEH mecA147  F.GTGAAGATATACCAAGTGATT 147

R: ATGCGCTATAGATTGAAAGGAT

1.8 %t %% A WHONET 5. 6 # {4 Fl
SPSS 11. 5 B % Ko BEAT 2347 - R LA R A o
Ko, MIC Y(H L8R FH 7 22007 .

2 H#R

2.1 MRSA # & & 2L M108 T 407 9 i ol 5
20122015 4F 210 #k SA A5 116 #k MRSA, £
H3 ok 55. 24 % 54 4E 4y K S MRSA 23,25,33,
35 Hk LK R R 57, 50% .52, 08% .56, 90% .
54.69% 4 KR R, 2 R G2 L (7
=0.35,P=0.95), W% 2,

R 2 2012—2015 4B 09 SA H MRSA # 1% 0

Table 2 Detection of MRSA among SA isolated in 2012 —
2015

Y SAKREL MRSA BB RHROD 2 P
2012 40 23 57.50 0. 35 0. 95
2013 48 25 52.08

2014 58 33 56.90

2015 64 35 54.69

&3 210 116 55. 24

2.2 KB LR MRSA XA HEZ. BN
T/ IRARE TR 2 LT AR g e Y RO
100 % s MRSA Xif 5 %5 2 Ik g 2 R (4 it 25 2 e A%
IR 15.52% F 1. 72% , MRSA XA ) 10 Fif
PHEZY M 25 % >80% ., MRSA X HHE XK A
ErS RTINS N 57N e N L E R AN U R
R B R 1255 5 T MSSA, 2 R ¥ Gt
B X P<0.01), W3,

%= 3 MRSA Hl MSSA X} 20 Fht B 254 B T 25 2 (%)
Table 3 Resistance rates of MRSA and MSSA to 20 kinds

of antimicrobial agents( %)

MRSA MSSA

LR (n=116)  (2=94) 4 P
HER 100. 00 81. 91 22.83  0.00
S I T b 100. 00 0.00  210.00  0.00
B 55 7 Ak 94,83 15. 96 134,06 0.00
RAREER 85. 34 11.70 112.89  0.00
T ER 0. 00 0. 00 - -
BENT 0. 00 0. 00 - -
BT IR T 0. 00 0. 00 - -
) 2 o fg 0. 00 0. 00 - -
Iy B %2 82.76 25.53 69.44  0.00
AR 15.52 8.51 2.35  0.13
FARS- 87.07 47.87 37.65  0.00
OB R 69. 83 39. 36 19.58  0.00
KN E 88.79 21.28 97.54  0.00
AR B 93.97 12.77 140.20  0.00
R R 90. 52 14. 89 120.93  0.00
ik = R 88.79 5.32 144.84  0.00
18 i 22 PR 1.72 0. 00 - 0.50"
52 77 Tk g Y e 60. 34 28.72 20.89  0.00
itk e FEY 5T e 56. 90 29,79 15.43  0.00
EERS 38.79 6.38 29.66  0.00

% 2% F Fisher K80 H R 5k

2.3 Z+%EE* MRSA # MIC 20122015 4F
Tl % £ X MRSA 5 MICy, ¥4 1. 0 pg/mL,
MICy, #H 1.5 pg/mL;2012—2014 4 MIC i il
(0.5~ 1. 5) pg/mL, 2015 4 MIC i Bl H (0. 5~
2.0 pg/mL, 2015 4E &8 1 #k MRSA {7 i 8 &
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MIC H#2. 0 pg/mL;2012—2015 4E 77 15 55 £ 4 MR-
SA ) MIC JUAa] ¥{H 20 5 S 1. 15,1, 09, 1. 24 Fl
1.26 pg/mL. 4 4 U] ¥ Bkl i, 22 = L4 it
BN (F=2.35,P=0.18), W% 4,

Fz4 20122015 4T FEE X MRSA i) MIC(pug/mL)

Table 4 MICs of vancomycin to MRSA strains in 2012 —
2015(pg/mL)
MIC #4 LA
A MIC g Hl MICs MICyy
Ay
2012 0.5~1.5 1.15 1.0 1.5
2013 0.5~1.5 1. 09 1.0 1.5
2014 0.5~1.5 1.24 1.0 1.5
2015 0.5~2.0 1.26 1.0 1.5

2.4 MRSA #iliX ¥ 116 &L A 05 T &0 K
MRSA, H it 114 ¥ mecA £ X PCR §7 3% 4 [H
PEL.7E 310 bp HFHRY S . W 1,

bp M1 2 3 4567 8 9 10111213141516
2 000
1 50 '

M.DL2000 DNA Marke; 1 : Bk XF B8 52« BHA%E XS B8 53—16: 11 IR
B R mec A 3L [H FHYE
1 MRSA mecA 3K PCR 7= ¥ v, 1k B

Figure 1 PCR product electrophoresis map of MRSA mecA gene

2.5 SCCmec 4% 116 #f MRSA £ &H PCR
r B gk BB R, SCCmecll B 11 £k (9. 48%),
SCCmecIll # 85 # (73. 28%) , SCCmecIV K 4 #f
(IVa #1 IVb B 2 Bk 300 1. 7200) AL Y ARk A
FHAME 19 K 4 0 MRSA 16 £ (13, 7920, & £
SCCmec 1 #1 SCCmec V . LK 2,

)

M: DL2000 DNA Marker; 1 B £ X B 2—3. R 43 A5 45,
SCCmecll B3 6—7 . SCCmeclIll #; 8—9. SCCmecIVa Kl; 10—11.
SCCmecIVh #Y

2 MRSA SCCmec Z 5 PCR ) Bl bl 5 152 v vk ]

Figure 2 Agarose gel electrophoresis map of multiplex PCR
product of MRSA SCCmec

3 it

MRSA 2 B it 52k B B sk gL 1) 5 22 J5 R
Z 5 Z 2] MRSA JEY 176 I7 2 06 K 4 BT
FOMERT . ASBFSE 210 Bk SA Kt 116 £k MRSA, £
W Rl 55.24%,2012—2015 FER IR LA, Z 2T
it 2R i S 7 B N ML T4 KD A R
B 5 B AL 6 A A S Ah R HR R 1% X MRSA J& Yy
THOUEE P . WF ST 2 W, b DXV 1 4 2 2 B TR 9
i 0 ER 8 A I T LA B T MRSA AL 4%

2GR I 45 R B s MRSA X 5 55 % Ak g 2
R B T 28 % e i, 43 9o 15, 52% .1, 72%  MRSA
XA ) 10 T B 24 4 R TR 25 3 >80 %6, i £
i 251 B0 "™ . MRSA XF 7 o B £ &0 T /1
KT B 2 R 7 RURI) 2% s i 1) B0 S 10026, &%
KPR 254k 7T 4Ry MRSA J& YL W1 TR YT 1 1 % 24
Y. A58 MRSA Tif 2 % & T MSSA, & W]
MRSA {7 245 15 B0 S &t MSSA 8 7™ 8, H MR-
SA YL AT 5 BT 5 A9 BE SR K 1 4 e i Rp e
MRSA JE AL 5 5 55 % 2 B e Jak e o B B I IR
TBIT MRSA Jg e i 22 5 900 25 S0t 00, AR 40 24 i &
A B FH BT 24590 - [n) R AR A R 2 IR L I O 22
SAIRYT 7 L By 1k AR % R I 2 A 1

Tt B R A2 B AT RIGJT MRSA ) 5 6 %
LA 259, I R 4 7 7 8 2 6 MRSA {5 iU (H
MIC ZB4E F IR Fr “MIC 7, A5 K I
A X 20122015 4ETJ7 i 8 R MIC R & EERE,
EL 6 2 73 vy R 26 FE 70 kL A [R) L BiR RE RNAA B ) 1
s O3 i B X MRSA i 25 F Jp o 8 38 . K BE HE
FRAS b D6 MRSA B SO A T REEH . %
2 MIC=>1.5 pg/mL Bk @ MIC, BF5E™ £0], &
MIC 5 MRSA JER YL 85 1697 2K 3R FiG S8 2 2% V)
FHOG s 7 MIC AL TR AE IR TT R IR o 5 ¥ b IX.
XF 123 i) MRSA B (5 i pF g 25 3R B 0l
FZE MIC 2 2 pg/mL 1 B3 7 345 Be o 8] L B2 97
AR IE R 5 F MIC<<2 pg/mL 8 #, H Ik
N WL @ MIC MRSA YL &, L2 % %
MIC K2 pg/mLiy, BEAKH ISR 5 5L 5%

SA R1FHMIEPEFE ] mec A BN MRSA, A I
0 mecA JEFAE 5 MRSA 4> Fhrd. fE % &
MRSA 4 bR """ G5 AF & B, MRSA JE B BR
5 mecA FEHA KN, K2 MRSA i Rk mecA ]
JEVE A mecB o mecC 17, MRSA T 5 HL % &2
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Ao AMFRALAMPT T AR P HUE 116 Bk SA %@
i MRSA, H o 114 BRI mec A BEH TR0 7 24
BHEN 98.28%0, 5 2 RGPS T AL PRk (K-
B k) RIR PG A MIC 3 il PBP2o fise 7L 5E 5 75 45 )
B %€ MRSA #2758 MRSA fEAERR mec A HMRFE
T 25 BIL A

SCCmec J&— P54 mec A A1) 7] 88 3y 35t %
Je s MRS H A A R AN 8] AT SCCmec 53 2
11 A EID Ho SCCmec T—V 238 L [ 25 7,
ARWFFRAR G SCCmec £ W B F 45 B M F B iX B 5l
Y.t 28 PCR 34 % WLy 5 B SCCmec K
A, Z 8 PCR 74y i Uk 45 S B 9 b 255 5] A, g ok 24
ALY 3Gt — AR S 1k B B R A BIF 5 T A 43 R
Bk ¥ H 43 SCCmec By 1 A W B, H
SCCmeclll 8 5 73. 28 %, Sy FE R H, SCCmecll
FERRE 9. 48% . 554 4 tk K SCCmeclV, 116 #
MRSA B ¥k H 100 #k (86. 21%) J& SCCmecll-1V
R, b [ P R il DXCF 5 2 B AR L (H 3 TR A A
TE WY S A b Xk 25 S5, e JH Ml X SCCanec [ 43
LR | I SO O D QIR N < i 1 S T o/
SCCmec 11 B K 1l SCCmec 11T BY F K] 43 1 45 #4)
K4 2 25 5 H Y 5 2 i 25 56, g B
9 MRSA RG], A MRSA X 2 80450 i 245 ¥y 1if 25
RIN>5000, bk B R Ak 2 B 4h, MRSA it 25
Z T MSSA(H P<<0. 01) , #— #2785 MRSA
U 22 B 24 F] R S R mec A SH AT 24 A
FHE .

AR T 4R M H X MRSA [ Tiif 25 2 7Y
Ji i T & MIC RS LA SCCmec R, X i
A X MRSA I 35 TR B 1 43 F AT 908 2 FRAE LG IR
TR IT AR YL i) 3 B E R
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