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Abstract: The aim of this study was to investigate the current status of the antimicrobial resist-
ance of bovine Staphylococcus aureus isolates, so as to do research on carried drug-resistant genes
and molecular epidemiology profiles of methicillin-susceptibility Staphylococcus aureus (MSSA)
and methicillin-resistant Sta phylococcus aureus (MRSA) which isolated from bovine, further, to
reveal the evolutionary relationship between MSSA and MRSA, and origin and diffusion of MR-
SA. Total 54 isolates which isolated from Xinjiang, Zhejiang, Shandong, Neimenggu and Shang-
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hai in 2009 were investigated antibiotics susceptibility by disc diffusion method, and 12 isolates of
MSSA and MRSA which confirmed by Cefoxitin sensitive test by disc diffusion method and mecA
PCR were used to detected the antimicrobial resistance genes and typed by multilocus sequence
typing (MLST). Drug sensitive test results showed that 88. 8% isolates resisted to erythromy-
cin, 81.5% to clindamycin, 88. 9% to penicillin, 90. 7% to ulfamethoxazole compound, 92. 6%
to doxycycline, 94. 4% to tetracycline, 79. 6% to chloramphenicol, 63. 0% to ciprofloxacin,
70. 4% to gentamicin. Besides that, 5. 6% isolates resisted to all 10 antibiotics, 85. 2% isolates
resisted to more than 5 antibiotics, 6 isolates (11.1%) resisted to cefoxitin. Furthermore, 3 MR-
SA isolates resisted to 10 antibiotics, Xinjiang MSSA isolates resisted to 2-4 antibiotics, other
provinces MSSA isolates resisted to 7 antibiotics, and analyzed result of the antimicrobial resist-
ance gene of MSSA and MRSA, found all isolates carried ermC and tetK genes, but no ermA
gene, 6 MRSA isolates carried aac(6")/aph(2"), 5 and 4 MRSA isolates carried tetM and aph
(3"~ I respectively, but only 4 MSSA isolates carried zetM gene, no MSSA isolates carried aac
(6")/aph(2") and aph(3")-1I. Staphylococcal chromosomal cassette (SCC) mec of MRSA was
typed by multi-PCR, the results showed that 5 isolates were SCCmec IV and 1 isolate can not
identificated type. The MLST results of MSSA and MRSA proved that the isolates belonged to
ST50, ST965,ST6,ST97 and ST9, further analysis found that 6 MRSA isolates distributed in
CC7,CC4,CC21 and CCY9 and MSSA isolates distributed in CC32 and CC7. The results suggest
that drug resistance of Chinese bovine Staphylococcus aureus isolates are serious and most iso-
lates represent multidrug resistance, MSSA and MRSA are multidrug-resistant strains and carries
more than 2 antimicrobial resistance genes, epidemical bovine MRSA is MRSA-SCCmec 1V. By
analyzing the results of MLST and comparing with MLST results of human MRSA, found that,
in China, bovine MRSA was different with human’s and speculated that bovine MRSA emerged when
MSSA which belonged to different CCs gained SCCmec IV by antibiotic selection, in addition, MRSA
stains isolated from different areas were not the same ancestor, further analysis, presume those genes
similar to plasmid or transposon can free communication in different isolates than depend on SCCmec.

Key words: bovine; antimicrobial resistance gene; MRSA ; SCCmec type; MLST
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Table 1 The drug sensitivity test result of 120 bovine Staphylococcus aureus isolates from Xinjiang, Zhejiang, Shandong, Nei-

menggu and Shanghai

A4 Group A

= A
) 5275 8 v B
AER AR KAVET HHR
Sulfamethoxazole
Erythromycin Clindamycin Cefoxitin Penicillin
Compound
S 1 R S 1 R S 1 R S 1 R S 1 R
TR B/ Bk
6 0 48 10 0 44 48 0 6 6 0 48 5 0 49
Number of isolates
B/ % _
11.1 0 88.8 18.5 0 81. 88.9 0 11.1 11.1 0 88.9 9.3 0 90.7
Percentage
B4 Group B C 2 Group C
ZVHE PUFR R AER KWW E RRER
Doxycycline Tetracycline Chloramphenicol Ciprofloxacin Gentamicin
S 1 R S 1 R S 1 R S 1 R S 1 R
[ R S
4 0 50 0 3 51 6 5 43 18 2 34 12 4 38
Number of isolates
Ay %
7.4 0 92.6 0 5.6 94.4 11.1 9.3 79.6 33.3 3.7 63.0 22.2 7.4 70.4
Percentage

S. UEGL PR i

S. Sensitive; I. Intermediary; R. Resistance
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Table 2  The multi-drug resistance situation of 54 bovine

Staphylococcus aureus isolates from Xinjiang,

Zhejiang, Shandong, Neimenggu and Shanghai
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Table 4 Detection of 6 antimicrobial resistance genes in 12 Staphylococcus aureus isolates

g 16 VA Tl A

PO R 2 A

PUER 2R AP HERE
RInEHZEN L

. RFA P 16 26 HY ik Ak il ik 1A Tetracyclin
R S5 RS Aminoglycoside modifying crraeyenne Tetracycline
Methylase genes of macrolide ribosomal
Isolate enzyme genes ] ) efflux
protection protein ]
pump protein
genes

ermA ermC aac(6) /aph( 2"y aph(3)-11 tetM tetK
HZ35 — + + — + +
JH43 — + + + + +
JH45 — + — + — +
JHS55 — + + + + +
NB66 — + + + + +
NB73 — + + — + +
HZ2 - + - - + -
SD132 — + — — + +
SD141 - + - - + -
XJH1 - + - - — +
XJH26 — + - - — +
XJH39 — + — — + +

HLfil/ % Percentage 0.0 100. 0 41.7 33.3 75.0 100. 0

2.4 SCCmec 5781 MLST &£ &

i Z & PCR JyiE XS5 11 1) 6 #k MRSA i#17
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(http://saureus. mlst. net/misc/info. asp) , 25 3 B /R
12 BRI PT LA 43R 5 A 57 31 B4 ( sequence types ST):
HZ2 . XJH39,XJH1.XJH26, JH55, JH45 F1 NB66 &
ST97 #Y,SD132 Fi1 SD141 2}y ST50 B, JH43 -k ST965
;I L,JH73 & ST6 Y, HZ35 & ST9 %Y (http://saureus.
mlst. net, ID No. 3722-3733) , R4 45 1~ B B 1) 25
FLRFE Callelic profile) , {#i F i {37 48 B¢ 32 ( Neighbor-
joining method) #4 ZHEF LA (] 1),

sp13z MSSA
50.00

sp1a1 MSSA

o= 9l Hzs MRSA*

JH45  MRSA -IV

JHss  MRSA -IV

16.96

npss  MRSA -IV

MSSA

MSSA

ST197 MSSA

XJHza  MSSA

ST965 JHaz  MRSA -V

149 ST6  nerzs MRSA -V

1
Fig. 1

REGReEBHEFRBHALXRESN
The evolutionary relationship among 12 Staphy-
lococcus aureus isolates
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D 125 9420
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2 1
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w 17387457484369 [i

Jadet 427

JH43 Jy ST965-MRSA-IV., J& T CC4 Ff . 4 W & 15 Fr 3
®Iok STS

JH43: ST965-MRSA-1V, belonged to CC4, predicted
founder was ST5

1362

lo1s

J649

948

JH73 y ST6-MRSA-IV, J& T CC21 ¥ , 4 & 4 ¥ 1) #Y
Sk ST6

JH73: ST6-MRSA-IV, belonged to CC21, predicted
founder was ST6

% R 2T PCR Jy i R B M BB AT SCCmee 407

o8

HZ35 2y ST9-MRSA, J& F CCO B . e 447518 ST9
HZ35: ST9-MRSA, belonged to CC9, predicted founder
was ST9

; . \ise
| M
\

HZ2,XJH39, XJH1, XJH26 i ST97-MSSA F1 JH55,
JH45 NB66 S ST97-MRSA-1V, J& F CC7 B, 4 Il & 46
¥ AR Ry ST97

HZ2, XJH39, XJH1, XJH26. ST97-MSSA. JHS55,
JH45, NB66.:ST97-MRSA-1V, belonged to CC7, predicted
founder was ST97

20

4

SD132.SD141 & ST50-MSSA, Jg T CC32 £, #E Il 4 4R
J¥ 37 R ST50

SD132, SD141; ST50-MSSA, belonged to CC32, pre-
dicted founder was ST50

* SCCmec type of the isolate can not be identified by multi-PCR

2 2HEEBHEKE STs.FTE CCs ME ML 7R

Fig. 2 STs,CCs and predicted founder of 12 Staphylococcus aureus isolates
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BROXH Y BR R T 25, kPR SR AL RE A O 1002,
LI VREFBEFEINA Y MRSA BT & S50 25 K
PRANTERSE | DU PR R BT R T 25 F A MSSA . AW
BT ) MRSA B AR 251 A 3~ 5 T 25 5% (5], 1M

MSSA Btk A 2~3 it 25 5L 1, 5 LR s 4
HAFF .

SCCmec J& MRSA fyifif 24 H fil . 3 JE X 74 5 i
1A B BV OC R AN ) 0 JE R R A O [ 0 i 25
FR, HAET.7E MRSA P E LB 5 Flt SCCmec HEH
AL LPL SCCmec [ [T ATIN £ W, SCCmec [ F1
SCCmeclll 4% # B2 7 Brig 4 (53.66. 9 kb), SCC-
mec [| &7 A M 25 3 K B9 % & Jlkl pUBL10 A1 §% 2
F Tnb554, SCCmec [l % 4 % & i kL pI258, pT181
M1 Tn554,H i pUBL10 # 4 ant 4" 3L/, 7= A4 Xt
Hf % & (kanamycin) . % 7i % 2 (tobramycin) Fl {# 3§
% (bleomycin) it 25, pI258 7 H X & 85 £ I M E
S JE AR E E S L pT181 4 A X U R &R
(tetracycline) it 25 Y 3L A, T Tnb54 H A ermA 3k
S PP ARG KA N TR 2R B0 1A R T 25, X 1 SCC-
mec [[ 1 SCCmec [[ % MRSA Btk & £ E it 25 19
JE L i SCCmee T F1 SCCmec IV 5 [ F B %% 4
(34.3 kb,20. 9-24. 3 kb) . BR#EHT mecA FH M LT
AN HA T 25 3 R, 3 AN R ZE 25000,

T 4y 7 A S X BE BE 4 B 19 72 Bk MRSA
547 SCCmec 43 %1 % B, SCCmec [T 5 88. 9% (64/
72), SCCmec I & 2. 8% (2/72), SCCmec 1V
1.4%(1/72) 4 5 BRARBE4 B, H T A SCCmec I
Fl SCCmec 1 35 K 78 (1) T8 bk o 2 o0 24 5 25 R 7R Oy
SCCmec [V {1 PR3 15 Bk HOXF B- P I i 28 25 49 28 X
fif 25 AR R Z Eff 2. APFFEXT 6 Bk MRSA
#47 SCCmec 43 AL, 5 ¥k SCCmec IV . 1 B K fE 53
R IE S5 3R A R 4 8 0 A A5 KA 2t B MRSA
B kk . H L SCCmec [V y 3, 5 A JE MRSA 3 [H &l
ARKES . RUFFEIRM 6 # MRSA Bk, Bk 1
PR ONB66) X 24 Y 0 B SRR A o LA % i 3 i 10
T 0 B 28 T 24 . 2 W 4 P SCCmec [V A MRSA 5
[ BN MRSA i 25 i A E R 22 5. £ 4
IR SCCmee [V b % MRSA #k B A £ & i 25 4%
A5 A SCCmec IV B MRSA Bk T 24 33 77 7648 K
Ze s, X WOR, R [E S IR MRSA (1 iiif
2ji% 5 SCCmec BY {1 A7 M F A — 2. 1 xF 4 U6
MRSA #17 aac(6")/aph (2" .aph (3)-1 . ermC,
tetM I rer K 6 PR 1) G 00 R 24 03K 6 4 000 4 it
LR AT e T B A R 5 Be T 0 kL B R L
AT DA A B 4 B (0 1 2 BR B S5 R AL b 7R B R ik
PEIE TR it 24 5 PR 7E AN [ TR Ak [ A5 6 T AS 2 1Ot
SCCmec #ATH HL.
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it 412 %

fff i MLST % A 3 H 2 8, xF 12 ¢k & F
ST97.ST965.ST6.,ST50 F1 ST9 (1 5 4~ )5 51 %I I
B2 eBURST v3 3t &K BL. X 5 47 51 AL 43 5l s
T oA SRE. 6 bk MRSA /34 7E CC7.CC4
CC21 1 CCY Wy 4 A5l & A fE b, o CC7 iy
$5 3 Bk MRSA 1 4 ¥k MSSA, [ CC4 4 4 il i 4
FE3 %Il ST5 4h, CC7, CC21 Fl CCY o [ & 4
) 4 0 S 1 7 91 7 5 MIRSA 43 B bR 19 )7 51 8 — 3,
FWIIR E AP MRSA I HE K I T [7) — v B bk 19 25
X4 #. Enright 5" Fl Okuma %77 #23# ,
Ao TR MRSA 243 i #E CC1,CC5,CC8,
CC22,CC30,CC298 F1 CC5 1y 7 A & A B,
F o g i TR 4 o 60 8 A BRTE 1 MILST 5 A
3% 4= MRSA A B K A [a] Chttp://saureus.
mlst. net/earth/maps/byst_earth. asp? country =
China) ,iX 2 B & [ 4= J& MRSA JfHE kI8 F A8
MRSA vilEkk . AR LA BT 58 K008 HE D, 55— i 3
MRSA i LA J7y BR T H & 58 2 A7 75 19 MRSA
R 1) i B 4 10, MISSA TR Bk 3875 SCCmec £ [H
A RE & MRSA #9225 N Z —, MSSA k1%
SCCmec TV AU A 82 3 B 4= I8 MRSA 7 4 Fl
PUHA AR R B E A . Smyth ZEPS XFRRUN L hL T3
PRISEY 12 A~ K43 85 1) 118 ¥k sh ) 5 4 o 0 4
) BRI AT IA R+ 5 Bl 0 AH G 1) 4 o8 €8 7 25 3K 1A )T
H W E By Ai £ CCL, CC5, CC8, CC20, CC22,
CC25, CC30, CC50, CCY6, CCI7., CCl01, CC121,
CC126, CC130, CC133, CC151, CC350, CC479 FI
CC703 s b & G AW 5215 20 1 5008 5 0L 9 A
— 30, AT RE B ) U5 A B €0 A 3R TR AE A K 1 b IX
%5,

B A SCH B AWV L L AR LN SR R B ) B b St
34 bk EY W VTR 2 7 W AT B 1 B R
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