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Abstract: To understand the prevalence and antimicrobial resistance of methicillin — sensitive / resistant S. aureus
(MSSA / MRSA) in broiler, layer and waterfowl (duck and goose) in Jiaodong region, so as to provide basis for
clinical rational drug use and effective control of the epidemic and transmission of drug — resistant strains. A total of
2730 avian derived throat swabs collected in Qingdao area from August to October 2021 were screened for MSSA and
MRSA isolation and identification, spa type and susceptibility testing by routine isolation and culture of bacteria,
mass spectrometry / PCR identification, microbroth dilution and spa typing methods, and SPSS26. 0 and
BioNumerics v7.6 waresoft were used to analyze the experimental data. A total of 742 isolates (27.18% ) of S.
aureus were obtained from 2730 throat swabs of avian origin, including 528 isolates of MSSA (19.34% ) and 214
isolates of MRSA (7.84% ). The isolation rates of the three poultry strains were waterfowl (38.33% ), laying hens
(28.45% ) , broilers (20.33% ). A total of 16 spa types were obtained from 351 S. aureus isolates, and t899 were
predominant in MSSA (70. 80% ) and MRSA (95.30% ). Some types were isolated only in laying hens (1010,
T002, t3155) or broilers (1571, t011) or waterfowl (11793, 5268, 1267). MSSAand MRSA showed high — level
resistance to many antimicrobials including penicillins and quinolones, with resistance rates above 62.89% against
eight and 13 antimicrobials, respectively, and MRSA was completely resistant to seven drugs (100% ), which was
more highly resistant (P < 0. 01) to all 13 drugs tested than MSSA, with the exception of five drugs:.
sulfaisoxazole , vancomycin, Compound sulfamethoxazole doxycycline and linezolid (0.24 <p <0.97). 191 multiple
— drug resistant( MDR ) strains, and the overall MDR rate was up to 95.98% . Among them, 89 strains(91.75% ) of
MSSA are MDR strains, which are mainly resistant to 6 ~8 classes of anticrobials and 102 MDR strains(100% ) of
MRSA are mainly resistant to 9 ~10 classes of them. In summary, the results show that S. aureus and MRSA are
widely distributed in poultry in Collagenous East region, and MRSA is clonally transmitted with t899 predominance;
There were differences in the carriage of S. aureus among different poultry in Jiaodong region, and the phenomenon
of MSSA and MRSA carriage among waterfowl was more prevalent than that among the other two poultry species;
Avian origin S. aureus in Jiaodong region was generally resistant to several antimicrobials, and MRSA was more
severely resistant than MSSA , all of which were MDR strains. The frequency of highly resistant antibiotics, such as
macrolides, quinolones, and penicillins, should be minimized in the actual clinical use, and sensitive antibiotics
should be selected in a targeted manner to alleviate the severe resistance status.
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25 WL, SR .95 °C HUAETE 5 min,95 °CAE
30 5,55 CiE k30 s,72 °C ZE# 1 min,30 E
.72 CHIEM S min, P IE=YL 1. 5% BAEHE
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Tab 1 Primer sequences and target fragment sizes

EIE7 A BiE7iE 2l KJE

F:AAAATCGATGGTAAAGGTTGGC
mecA 533 bp
R: AGTTCTGCA GTACCGGATTTGC

F: AGACGATCCTTCGGTGAGC
spa /
R: GCTTTTGCAATGTCATTTACTG

1.5 #80K % BEHL 97 ¥k MSSA F1 102 £k MR-
SA, SR FH 38 [l I R 52 56 % b 1 A6 28 51 435 (CLSI) #E
1R TR P W b R 96 L 25 Bt I 7E 13 R
25 18 TR 24 i fie /NI R B ( Minimal inhibitory
concentration, MIC) , -AR¥E CLSI {4 2 hrfE SR A5

LI FRHUR (S) LR (1) AT 25 (R) Y458, TR
I P B bk ATCC 29213 [ 28 BT, o4 1 bk
TE 45 VU BBl P, EL B BEA TR AR BT IR TE
WA S R AR R, XF 3 28 8% 3 KDL B4
2 [R] iR 25 B A 2 E i 2

1.6 #HAHIHAE  fHH] SPSS 26.0 A KI5
KB AT M 2 5 W E Mo, P<0. 01, ) 22 5%
W, H « * 7 FK;0.01 <P<0.05, 2%
FOHC w7 FRIR; P >0.05, MR AREE FH“ns”
Z$8 . FI ] BioNumerics 7. 6 B g5 T 1T spa
AU e/ NVAE IR o TE S/ AR R — AR R
—A> spa B BB R/IMURF B 220 1R 18l 2
(] A PR B ARFR G R,

2 ZERE5HH

2.1 MSSA #1 MRSA ## 2 155 2730 #yHE$K
TR oy B 3 A B LR A BRI 742 AR, EUA
IYEFRA 27.18% , Hivh MSSA 528 #k, MRSA 214
BR P ES R0 19.34% F17.84% , NAFRRE
A, KSR R SR B3 5 w1 (38.33% ), HOOE:
FENY (28.45% ) (XS (20.33% ), JCiE MSSA if
J& MRSA 7E7K & 4 B 3 3 O 5 5 (27. 58%
10. 76% ) HE & X H A | ARG K& =R A [ >k
TR BRI AR B 2R, TEILER 2,

®2 FRHMXAFEZRE MSSA fl MRSA 75 % (B E/ RER)
Tab 2 MSSA and MRSA isolation rates in different poultry species in Qingdao, China( number of strains / sample size)

ERSEES SEVINES HXY PG KE P {H
MSSA 20.83% (175/840) 13.90% (171/1230) 27.58% (182/660) <0.01™
MRSA 7.62% (64/840) 6.42% (79/1230) 10.76% (71/660) <0.01*
it 27.18% (742/2730) 28.45% (239/840) 20.33% (250/1230) 38.33% (253/660) <0.01™

2.2 spa B R X214 £k MRSA 1 137 B
MSSA 1) PCR 3 7 WA 758 e reL DK RO I LU X
AT 16 Pl spa BUG, PRULEE 3, XA G US> B
FREEST T LT spa 5 A9 e /N BB, /R T I
R FE R S KB i 8 TR R 110 ol 4 B TR Ao [ 5 %
KRR 1T~ K3, Hrp MRSA £ 7 it spa
43504 1899 (204, 95. 30% ) (11939 (1. 87% ) 1034
(0.93% ) 14558 (0. 47% ) 11250 (0. 47% ) 11793

(0. 47% ) 115591 (0. 47% ), MSSA & 12 Ff spa
A4y B SR 1899 | 1034 | 1002, 1010, 1011 | 11793 .
12247 1267 . 13041 , 13155 . 15268 1571, H: ff 1899
397 ¥k (70. 80% ), 1034 A 11 £ (8. 00% ) .
1010 12247 ¥45 6 ¥k (4515 4.40% ) 13041 1002
15268 HJA 3 Bk (£ 2.20% ) (11793 (1267 (1571
WA 2 BR(% 5 1.46% ) 1011 13155 ¥/ 1 £
(%150.73%) .
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£33 FTRWEXAEFRSERIE MSSA 1 MRSA spa 5yEIER
Tab 3 Results of MSSA and MRSA spa typing from different poultry sources in Qingdao, China

MSSA MRSA
spa B3| #it AR L
HEXG(52)  AMG(44)  KE(41)  EXG(64)  AXG(T9)  KE(T)

899 38 30 29 64 74 66 301 85.75% (301/351)
1034 1 6 4 0 0 2 13 3.70% (13/351)
010 6 0 0 0 0 0 6 1.71% (6/351)
12247 2 4 0 0 0 0 6 1.71% (6/351)
t1939 0 0 0 0 4 0 4 1.14% (4/351)
t1793 0 0 2 0 0 1 3 0.85% (3/351)
1002 0 0 0 0 0 3 0.85% (3/351)
3041 1 1 1 0 0 0 3 0.85% (3/351)
5268 0 0 3 0 0 0 3 0.85% (3/351)
1267 0 0 2 0 0 0 2 0.57% (2/351)
571 0 2 0 0 0 0 2 0.57% (2/351)
4558 0 0 0 0 1 0 1 0.28% (1/351)
1250 0 0 0 0 0 1 1 0.28% (1/351)
t15591 0 0 0 0 0 1 1 0.28% (1/351)
1011 0 1 0 0 0 0 1 0.28% (1/351)
3155 1 0 0 0 0 0 1 0.28% (1/351)

1 137 #% MSSA 5 214 # MRSA £ FRER & KIRH spa IR i F/\ & B
Fig1 Minimum spanning tree of 137 MSSA and 214 MRSA by different poultry and spa type
(#: A:FTAE®;B:MSSA;C:MRSA DJ: E35 RJ: 38 SQ:Kk%)

MR K& &, 2538 ok U5 Y ik 245 3] 7 Fh
spa 79 1899 JL 102 £k (MSSA 38 ¥k, MRSA 64 ),
HRE 1010 36 #k, 1002 3 3 Bk, 12247 32 £k,
1034 13041 13155 5 1 ¥k, HH,1010 ,1002 (13155 X
FEFEXG R 4377 ,1034 13041 FEFEAY, XY, /K & Sk I
MIRESL A oA, AR UR 1Y MRSA BRI R
t899 AU, PR S U5 1Y TR Bk A5 2] 8 B spa AU,

MSSA 1, 1899 A5 30 #%,1034 3k 6 Fk, 12247 3 4
Bk, 1571 2 #k, 13041 1011 4% 1 Kk, MRSA 1,
1899 A 74 Bk, 11939 I 4 Bk, 1011 14558 #% 1 £k,
1571 1011 AXAERRG Hhor A, 7K & R I AR 3L 15
F] 8 Ff spa K MSSA 1899 A 29 #1034 HA 4
Pk, 15268 247 3 Bk, 11793 1267 &K 2 ¥k, 13041 A
1 #k. MRSA 11,1899 HA7 66 #k, 1034 A4 2 #k,
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Fig 2 Comparison of resistance rates between avian

derived MSSA and MRSA in Qingdao, China
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Fig 3 Multi drug resistance results of MSSA and MRSA

from three poultry sources in Qingdao, China
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X RIS KB = o8 R R Y T PR T 24 i A Y
R, A T il (64. 44% 68, 18% |
68.25% )N 9 T Ak .



o~ 196 °T 9%¢€0°1 pPSTTFLI T 0 022 082 J08 CFLST 9L°¥ 0 0 TH i 3 [
70 °86 %68 °29 +G8 "CF L6 96 06 06 001 001 pqSE T F 6V C9 06°19  90°8¢ 29799 ¥
01 °S6 %122V 292 CTFEV 26 08 7L 001 001 pI8 T FESEY 01°8¢  9L°SF L9797 ¥y
4001 %01 "0L 2001 00T 00T 00T 279 "8F69 T2 Sy 1L 6908 2429 & A e
€9 ¥ %21 ¥ pI9 GFT9 ¥ 0 01T 08°2 PCESFVE T 0 896 222 ¥Uuhlz
%0 %0 0 0 0 0 50 0 0 0 ¥
4001 98¢ 6. 2001 00T 001 001 @Il PIFOV 28 61°9L LL°96 68789 E W
a0
£
A SYLL %S9 12 Al FIF0€ 08 02°89  09°66 Ol LL 599 "01F L2 '€2 €E°EE  06°21 2222  WFFTER /N hd R4
2
.m 4001 0628 °LL 001 00T 00T 00T @8 LTFCL LL €Y 1L LL796 L9799 HE K H
5
©
W 4001 %16 €8 00T 001 001 00T w65 "6F09 L8 S6°08  LL°96  95°GL ERTG
=}
m €e 61 9% L. 62 508 "G €€ 6T 09°€T  0F'¥Z  00°02 58E "ETF 6T T2 28°6 8F'SE 19792 M g
=
=}
H 1,71 %826 SP0 "ETF €S "ST 09°€T  0F'%F  09°82 1202 ZTF9T1°6 0 862  ¥V'V it 81 208
17}
[}
[=]
= 20766 %S "8y 229 ST LT 66 001 08°L6 00T p280 61 F66 08 61°9L 1.°8€  22°2v L hd B
(&)
90 "6 o5ee Iy 61 TF8°96 05766  08°L6 01°L6 »2S 02 F0E "0 SVCIL 8V USE 8L7LE Yo B
= e :
— 4007 %18 °¢6 2001 001 00T 00T 22€ LT 99 °26 07°66 00°00T 68°88 R
il 4001 9%S.°T6 »00T 00T 00T 00T 218 ' VFES 16 8706  LL'96  68°88 H
o~
w
&% 90 °L6 9% 6€ "9F 26T "TF8°96 06°66  08°.6 OT°L6 P80 "6TF66 "0 eI, V6TV 8L°LE Y hd il ¢
m
— 4001 9%72L 06 00T 001 001 00T 80 "8 F 6. 16 12°68 001 1998 X b
B
m SANW VSSIN B¥ Wy wE g¥ Wy
m A A 4 0 57
% o4 B LY VSAN VSSIN
&m (9¢) sonoiqnue g1 03 VSYIN Jo surens g pue YSSIA JO Suled)s L JO d)ed dUe)SISRY  + d[qe],
(%) SE5z [l GHEZ B Wt 8T FX VSHIN ¥ 20T 77 VSSIN ¥ L6 2%




8- o B 2 J R 2023 4F 1 45 57 55 1 )

Chinese Journal of Veterinary Drug

x5 FRMRXR=MRENRIE MSSA 5 MRSA KIS EMHLER
Tab 4 Multi drug resistance results of MSSA and MRSA from three poultry sources in Qingdao, China

B ORI 2 00 A TR A X &2k
SR BEE B 25 1Y) 2 ]S B0 24 TR AR A
Widlh % DL MRSA ARG 25 bk E B 2,
DI AR50 3 AR R & IR FE i A il S8
TN S NEEXT L 2R IX 3 8 205 R AT 1 i
HIEREA 70 B 4 a2, 25 R Wow 80 My kESL A 3
KA 4 A BR A, 0 B Gk 5 3. 75% IR
TABEGE, HEM 5 RTE T HAEREA 5 IR A S5
ARIREAIE XS e 2853 B FAFAE R, WA 7329
A M SRR RN, T e R AR Ml IX AR g A= 7
BRI 43 B M E , 2556 Uy AE b 3 4 B8 Y MSSA
386 #k(15.10% ) ,MRSA 122 ¥k(4.77% ) ,SA )43
B 19.87% , PR TASCE AT B R, K
AR KT 2 s IR (5 X8 2R ) #E 1T
FERERAR R 4 v (O A BRI 40 B9 2, PO R 43
BRI R, A R 4 (0 A R o B R AN
7.6% % DU A AN [R] H IX 5% 8 3 (39 5 ) MRSA
Rt 7E 22.95% "7, whE % Song S AE— 4
g, U LR R FLFE T, MRSA Bk A
AR T #EY, N 1.3% (2003) .2. 5% (2007) |

MSSA MRSA
T 2 7 5
XY A K Nt A G K Nt it
0 i} 4.40% 0.00% 0.00% 2.06% 0.00% 0.00% 0.00% 0.00% 1.00%
1 it 11.11% 0.00% 19.05% 9.28% 0.00% 0.00% 0.00% 0.00% 4.52%
2 it 4.44% 3.23% 0.00% 3.09% 0.00% 0.00% 0.00% 0.00% 1.51%
3 ifif 4.44% 0.00% 0.00% 2.06% 0.00% 0.00% 0.00% 0.00% 1.00%
4 it 11.11% 16.13% 4.76% 11.34% 0.00% 0.00% 0.00% 0.00% 5.53%
5 it 2.22% 3.23% 0.00% 2.06% 0.00% 0.00% 0.00% 0.00% 1.00%
6 Tif 2.22% 3.23% 19.05% 6.20% 0.00% 0.00% 4.55% 0.98% 3.52%
7 it 20% 38.71% 9.52% 23.71% 0.00% 0.00% 13.64% 2.94% 13.07%
8 it 20% 9.68% 33.33% 18.56% 8.57% 2.22% 4.55% 4.90% 12.06%
9 it 6.67% 16.13% 9.52% 11.34% 57.14% 64.44% 68.18% 62.75% 37.19%
10 ifif 13.33% 9.68% 4.76% 10.31% 31.43% 31.11% 9.09% 26.47% 18.59%
11 it 0.00% 0.00% 0.00% 0.00% 0.00% 2.22% 0.00% 0.98% 0.50%
12 ifif 0.00% 0.00% 0.00% 0.00% 2.86% 0.00% 0.00% 0.00% 0.50%
13 ifif 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
3 it ig 4.3% (2011) k3] 13.9% (2012) "' #F Saliha

Bounar — Kechih A—IAfF 57, MBI JR K ) b 358
b DX B XS PR XS B 52 R AR T AL 8375 (i B
SH v 4 () 2 R TR A XS A A X ey B R Bl
hA2% F129% " ARSI BT A RE S B ORI TR
By DX =FORF R & HA iz 3R= M, 2730 17
MR A it v, 4 BT (0,73 45 BR T L MSSA | MRSA /)
BRI N 27.18% (19.34% F17.84% , Hrfr /K
BRI 4 B0 B 4 K TR 0 S A 4y B K MRSA
eSO RTE = i RS S h 7 S S oy
WA TR] [ 5K R X AN TR Bl 2R ] R K
SRUR A MSSA Je MRSA 43 85 5 AR AR [A] , J5L A AT g
TEF AR E 52 AR ) 4 XA 20 B A 715 O 5% 5 A
B DK B & ) 2545 R ], 3 35000 18 556
25

spa S RIZER WK TR MAS R & K Ik
BILENTFH HAFTTIX KR, 1899 7E MSSA Fl MR-
SA TEREH B R EFAL , #HBKEE A 55 F (Staph-
ylococcal protein A ) &4 & {7, 1] 4 BR 7 200 L BE 19 21
B A P B 23 1 46 Fe 456 X, X X1
C AR H X3, X XS 24 bp 58 P51 H B AL
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R AR B A X D R B 2 A Ry
(S MR SRR M )z BT 4 B R A R TR Y 40
RIBFGE, BSOS ANTERF ST & B 62 R ) I
(F A 3 G ) 4 0 €0 48 BR AT AT R v e i )
17 Fb KR R DU B B 2 0 T 899
(30.65% ) fa] SCHR A A B A H R A 7
PR S & B, FEEAY MRSA 7 [ ST9 - 1899
SCCmecIVh/PFGE A (70.0% , 14/20) , 1£ MSSA
AYESRET,ST9 — 1899/PFGE A £ Jii (27. 6% ) ,
PJEASCEE AT UL 5 5 Hb X R 8 TR 4
RATER A 2 L) 1899 BN T/ re AL 4%, H
IO R RN AE AR XS (1010 ,1002 (13155 ) B A
X (1571 1011) 5K & (11793 , 15268 . 1267 ) H1 43
B,

YIS I R, MSSA XiF 2Rl 25 %) /i H K
Eifif 2, MSRA B —EXERE AHERX Eik
B2 (D B AR TD &) T 24 R Ol i
80% . — IR E AU, PR ARUR 1) B IR X v AR
R B E R R RREE BoKE RN
SRR T H AT AR IR, B X R VR Y B R X 22 10 T
2R KT R A BUSEAR T AR PRk IR K & X
KA (S mERk SIEPE T ) R P AR A
JEPEAR T I WA R U DRt 76 I R FH 24 3
b KR TR G I R R AR A A 2 P 1
i, BN ST HGE DR XU 4 B (03 4 Bk T
YR ZHb ARG 20, Hrhxr S BR A%
i 2R e BT 100% Y, ARSCEE R R
7N SEH TR AR R A e i 22 T PR FR T 24 AR IR
T 10% , AR KT Ry vk, Hai R 52
WAL Nelisiwe Mkize' ™ 55 A BIF 55 25 S AH 3T,
PR R AR TS 1 G198 R IFIDE LI ZH 21,
AR B IO R 40 1 1) 4 B O R A IR T AT 2
ML SR BR B E R R BER AN
BRI R AR | SO R S T 24 0 R
KRER VUMK RIBE R B Es = RS 25, % bl
BIPUAR AR EE SRR AR R KR ER
ERURR X R IR R | S LR | Sk fE TG e B A
R GASCEE N A 22, LRI AT RE R T

AN S5 B FH 2548 00 22 S s, R, I DR At
FHPUAE R 25 R0 B R R R NBRS (i
WA | e bR 22 A (IR B 25 W i 1 AR %

A SCHFFE LS A o | 4 B (0 4 3K 1 22 F it 24
L™ B, MSSA F1 MRSA £ # i 25 43 1) i ik
91.75% \100% , it 25 AL /3 A 7E 6 ~ 8 it |9 ~
10 T, MRS 5 A BIF 53 Fp 8, X0 TR0 JFF G 21 2 4
BRI A B0 R AR T 1 48 K 24073, 9% ) [l B
XF 5 AL EHUAE R 2, B 3 0 £ 2
G028 RS R SO, X A e T X R
AR 199 8 T I 2 28 v 43 85 4 8 0 ) 25 BR A O R
K - B b7 25 056, 45 0 B, w25 AL 5
i 6 Wit JE 22120 ifit 24 F AU AR T A S, (EAR
fRIHE A SCH MSSA FIl MRSA T bR 240 22 76 2R K 1)
HASRES TR, A3 ik E] 19. 59% F1 82. 35% , G
HXFH AT 25 RAEAR A LA REE . Bk
Ui, E NSNS IFFT HR MSSA 5 MRSA it 2 K 2 & ifit
G LE IR B A (H8 R T 2R B 25 1 it
2fE IR | 2 T 24 TR AR 25V BT RO Bl 4
SRR , 25 75 58 1) K F B 2 3 T A [ iy ok B
KB,

SEOHEREEST B XRFRE YA
ANTRVRR BE Y 43 A1, L3 25 TR AR T 245 B 2 25 3% 3k,
For MRSA i 25000 ™ 5, A6 i 25 TRARAE 46 45 A
8 XU, W NS HAG 42 A B Al T 24 PR PR AR
BEMCRIZ G H FEIE L) 1899 BRI
F Y S REALHE , RN 38 3 5 T IR B R IR AT i
25 Hb DX Hh G 68 R A BR TR I TR TR A A B 2 AR
RN FEIE S TR 25, o MSSA Fl MRSA
A BT FE SR
4 &

45 ¥ (0 4 BR AT (MSSA \MRSA) 77 & 31 X X
BBz AR R G #5415 DA
TEZESE KB MSSA Fl MRSA BB LB H & W
Fh 5 6 T A4 ik ; MSSA Al MRSA #4902 L 1899 A &
() e R AL 4G 5 7 150 5 VR 4 8 (00 7 28 BR P X 22 B b 7
2R T 24, H MRSA 4 MSSA i 25 5y /= 5, 3
R, Z5 BT, BN GE 5 & S5 i e
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