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A#E F# AT TEW THE FER OBH IF OAA
(LR RSB #be %8 GIE  230036)

H OE: (#3] 226 ARARELRIOHE, Bt AT Lisle—2 7 %m. [A4]
THLHATRRR GRS ERHLETEFH HHRA LR FLELR SRS/, [FiE]
ZEAR MR 6 m G T IRVE A AT, 5B 5133 1034 % Eafth ok &R HkE, FATH
B RAA RN AF ERIC-PCR 9 F 4R, [4R] WARMNAN=ZEINEREH A 54, T4
b £ A% (43/103). W E (21/103)Fe o~ Tt 25 (22/103). LR D =, p-ABEEGFH B ERF
(79.6%), &I HF XA (718%). W HEE L E Fd &35 5 A mecA (92.2%).

aac(6')/aph(2") (76.7%). ermC (37.9%). ermA (13.6%)#= femA (3.9%). ERIC-PCR 2 F & 3% 1%
6 Ft IR £ B, RPATHAALAI(38/103). (48] 2R 2L EHHRAFERT N
m M, RABEHE. p-ABEEAFRKINNBERA LA A RS T RS, 2R LR %
AR R RAT 2523 &8 B 30A B4 B 4E S 45, f2athitl ERIC-PCR 4T 4 LU 2 X Ik,
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Resistance genetic testing and molecular typing of
multidrug-resistant Staphylococcus aureus in poultry
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(College of Animal Science and Technology, Anhui Agricultural University, Hefei, Anhui 230036, China)

Abstract: [Background] Saphylococcus aureus is a Gram-positive bacterium that can become
a pathogen causing an array of diseases in animals and people. [Objective] To understand the
multiple drug resistant situation of poultry Saphylococcus aureus in different areas of Anhui
Province, and its characteristics of drug resistance and genotyping. [Methods] Sick poultry livers
collected from different areas of Anhui Province as inoculation materials. In total, 103 multiple
drug-resistant strains of Saphylococcus aureus were isolated. Then the resistant genotypes and
molecular typing of Saphylococcus aureus were detected by PCR and ERIC-PCR respectively.
[Results] The strains were resistant to 3 to 8 antibiotics. Most strains demonstrated multi-drug
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resistance to 5 antibiotics (43/103), followed by 4 antibiotics (21/103) and 6 antibiotics (22/103). The
drug resistance rate of Saphylococcus aureu to p-lactam was the highest (79.6%), followed by
aminoglycosides (71.8%). The detection rate of drug resistance gene from high to low were mecA
(92.2%), aac(6')/aph(2") (76.7%), ermC (37.9%), ermA (13.6%) and femA (3.9%). Six different
groups were obtained by ERIC-PCR molecular typing, and the dominant epidemic flora was the
group II (38/103). [Conclusion] Drug resistant genes of aminoglycosides, B-lactam and macrolides
had high detection rates. There were genetic diversities among avian Saphylococcus aureus in areas
of Anhui Province according to molecular typing. There was no significant correlation between
ERIC-PCR molecular typing and drug resistance spectrum.

Keywords: Saphylococcus aureus (SA), Drug resistance, Multiple drug resistance, Drug resistance

gene, ERIC molecular typing

48 {5,451 %9 3K 18 (Saphylococcus aureus, SA)
PR G MW, A EkEEmARE., &YIH
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SIEAPIRIET RIS 80%, Hi 70%Z AR e
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103 PR35 B 2 Roh D 8 e Y 22 Ji it 2 SA
PRI S, LSRR R 2458, PCR 47
WA THRAHOCTH 25 2L, B 7E T iR LR IX g2
M2 SA AR 25 FFE S it 25 FE DR 56 R
F ERIC-PCR ¢ AR Xif 10344 £ H i 24 Bk 14 1431
AR, DRI T L X 2 B2y SA i3
PR BRMRIAT I, Bt SA i 25 AR A T

2= T SR AR
1 MRETE
11 SKIGEHK

2015 4% 3 H % 2016 4 6 H , Il K
B W= W B A R R (T2 R 43
RPEBETCUS NP R I AR, AR A
T3 R E ik ) . L2 RO s B 15 2
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1.2 EFE. TEXFIMNE

WIS BIER R HE . Baird-Paker ZyfligFLhlik
BRGSO LB WA, F BB A HE AR
BT 2985 R, UM i A st R A R A
2xTaq Master Mix RGH, Bt inMEPEA RHA
B2 ] 5 4007 2 X 2H DNA $2BGR] £: 6 F Biomiga
Ol TEREESRA, R E O IR S A R
Al; PCRAX. BEMSUIRFRSE, 3£ Bio-Rad 22+,
13 HESBERAFAE

BUw & FF 4120 R0 T Baird-Paker i 5Ea
VEPEIE IR LA B AN B . PRBUBZS Ay K B £ m 2 [
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141 WEEEEN

K SR AN LN 4] DNA, 5191112
RESCHR[25] M GenBank H & sERFE R e g e i T3 |9
aac(6')/aph(2”). mecA. femA. ermA. ermC (& 1),
i RGN Fl A 8. PCR F=H) 2B G WHEE I e,
PRASI
14.2 ERIC-PCR

5 W 57% van SHE ERICL. 5-ATGT
AAGCTCCTGGGGATTCA-3'; ERIC2: 5'-AAGTAA
GTGACTGGGGTGAGC-3', 1 FHEHEH /A vl 41
R Z . DNA 4 (50 ng/uL) 1 pL, ERIC1 Fi
ERIC2 (10 pmol/L)% 1 uL , 2xTaq Master Mix 10 L,
ddH,O % 20 ul . Wi 5f4F: 94°C5min; 94°C
30s, 35°C1min, 72°C4min, 35 ME#; 72°C
10 min, FH 2.0%3BiAEHEBERC HI VK, BERS IR RS0
g,

2 BREM
21 ZERIER
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(41.7%), FEM B-INBEIESE(31/43), KRIF MRS
(27/43) . FIAFHA(29/43) . HY R N Hizh, +
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F(19/22); PUEETRZY, FEM B-NBEREE(17/21)
WSS (17/20) F A B 1728 (15/21) . =, LHEA
N80, wi/NECE 3 #e
22 HEHRKIEIER
221 HEHRMESHIER

MF 2 FIE i, 103 BRI 45K A it | e
e R 3 i DX R HAth b X, He Hp g v b X B AR B
% ; B-INTEREZL I Tiid 25 23230 80%; Z MR 2Rz,
M 24538 80 70%; ~FG 80 355t 68 25 R A1 AR
RN BRI 25 R AE 60%/5 40 ;s HARTi 2R Y
1 20%-50%.

01 Il 1riple heavy drug resistance
EXA Four heavy drug resistance
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.= [£225] Six heavy drug resistance
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Figure 1  Drug resistant strains of drug number
L (43/103) FI /N H (22/103) i 25 . HEMM 255 % classification
&1 PCRYIEBETH3I
Tablel Theprimersof PCR
TR 24 5 (] J755 5191751 P38 B 1B AR
Resistancegenes  Accession No. Primers sequence (5'—3') Amplified products (bp)  Temperature (°C)
aac(6’)/aph(2”) NC_022598.1 F: CCAAGAGCAATAAGGGCATA 220 59.0
R: CACTATCATAACCACTACTACCG
mecA NZ_CP009828.1 F: GCAATCGCTAAAGAACTAAG 224 59.2
R: ATGGGACCAACATAACCTA
femA NZ_CP009828.1 F: TTACTACGCTGGTGGAACTTCA 191 60.0
R: CATCGGCATCATAGCCCTTT
ermA NC_001395.1 F: AGAAGCGGTAAACCCCTCTGAGA 194 64.9
R: CTTTTCGCAAATCCCTTCTCAACGA
ermC NC_019143.1 F: CGTAACTGCCATTGAAATAGACC 246 57.0

R: AATAATCTTTTAGCAAACCCGTA
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F 2 HEERRIE#X ST
Table2 Sourceareastatisticsof thestrain

8 fre Il Hs X fiyg Hp it X fiyg i 3 X At X Bt
Kingz%ffn?iti cs Northern Anhui  Center Anhui  Southern Anhui Other regions Total mngg %)
(14 #k) (74 %) (14 %) (3#%) (103 k)
FFEWETFZE Aminoglycosides 12 52 10 1 74 71.8
B-PI RS B-lactam 10 60 10 2 82 79.6
KIFHEEZE Macrolides 12 39 8 2 61 59.2
PUFFZEZ Terracycline 3 16 3 0 22 21.4
P JHie =25 Amphenicols 5 27 6 2 40 38.8
fz25 Sulfonamides 3 36 3 0 42 40.8
F#EF Rifampicin 6 51 7 1 65 63.1
Wi % Fosfomycin 5 34 7 1 47 45.6

222 HHREKIESNIIER

MRS 4, 103 M4 e ik, b
B 67 Bk, KEH 36k, BIREESIRARE T K
g, s, ERRERGIE AT H R R (3 3).
2.3 AR E N

Xf 103 B4y B RS B T EARSE R Y PCR £
W, A EY =P RN 5 T — (& 2),

=3 EHRKIRSER K L5
Table3 Sourcecategory and proportion of the strain

Eitp 1-4 S50 BEALEEUGAG | XS TS F1RE )
Sy ERAS A . K R S MRS A mecA
aac(6')/aph(2”). ermC. ermA Fll femA (% 4).
24 £HEBE7 BN ERIC-PCR

FIH ERIC-PCR #7 A X} 103 #kifis 25 4 4 0 ik
iy, BERcH Ik E (K 3)i 7k, ERIC-PCR $84L
RIS 1 S il o, B2 AMN, &w K/NE

Z5 B IR 72 it He Al
Classes Sources of strains Number of strains Total Percentage (%)
[ & Landfowls X4 Chicken 67 67 65
JKE Waterfowls 5 Ducks 15 36 35
1 Geese 21
bp B bp

224

2000

1000
750
500

250

100

2 PCRYBRE

191

220

246

Figure2 Thedetections of drugresistance genein theisolatesby PCR
#: M: DL2000 DNA marker; 1-4: 535103 . 3. 15, #553298k PCR /“#). A: mecA; B: femA; C: ermA; D: aac; E: ermC.
Note: M: DL2000 DNA marker; 1-4: PCR products of chick, chick, duck, and goose. A: mecA; B: femA; C: ermA; D: aac; E: ermC.
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Table4 Detection of drug resistance genes

HE% L PR Pf‘;i
Antibiotics Resistant gene  Positive strains (%)ag

IR aac(6')/aph(2”) 79 76.7
Aminoglycosides

B- %S mecA 95 92.2
B-lactam femA 4 39
e L[S ermA 14 136
Macrolides emC 39 37.9

50-2 000 bp Z 1], §$ S5 47 50/ T 3-10 Z [l AN 5%

I NTSY S2.1 # 4%t ERIC $5 2 35 113
B0, 345 T 4 H I 3E T ERIC-PCR B R4t i1k
(I 4), ZBEEW s, 103 ¥4 ks ERIC
KGR TE, FRIPETE 57%-100%., 75 62%I%)4H
IR, 103 BRI AT 4328 6 NEHE, Hi et |
{45 23 MRUE; B IAUFE 38 #RiH; JSRFIIUEE
20 FRBA ; JEHFIVALEE 10 #RET; 260 VAUEE 2 bR,
5 VOO0 F VO6; ZRFEVIMUEE 1 #KE V70,
3 WES®

FHFLISRE , 1 PR ek 45 8 T 15 | A g e e 3 R
MPUERITE:, AWML H SRR, %
HURY AT AR KR MET A S8 43 B g 0
FE T 103 BRAS [F) SHe U H (14 TS 24 4 4 11, DK U s ]

3 4 HERE ERIC-PCR 154 EiL

DI et b X 5 22, 7T B PR Ay g vt DX SR GE 5K
B PRI IX 2, T H IR AR, 23K
K& G B & O EERE , BT RRR AR EE
P VEFE AL JUU) , PRLHS (9] B0 . R IR b ]
DIEM, Mgl s TKE, 55N TRE—
HI AR RSS2 wEK, Wit
EYBORTIKE

BT H 5™ A i 25 B0 5 5 T 24 2 1R 1
ik £7 70 BRI R AR SOk 4 B (A
BRTA 3 Fhbie Ak 22 i 24 35 DR R 245 6 BUHEA 7 HL 3
I3 M Z B A DGR o B- PN BRI 2 F) i 24 3 K
mecA B H AR f i, 5 O A A 2 B
HRIE P ZEFARIT 5 femA K H 2K H AR TRl mecA
B, X EE B femA AN A A AT 2 b A
RO FERN, AiETEH, BT femA BEHHT
IRE R, 4 B 25 1 5 HOR B AFAETC G, 1Al g
5 femA F kK FA 31 GRS I IE AR tH R
Jz. aac(')aph(2 )k HH 245, 5k 2RI
G T2 PN S AR D), 2 T A R X A ST 2
Mt 25l g 2 aac(6')/aph(2")F/+S. KIRNFg
R RN 24 %0 59.2%, HH, ermC &
TR LGN, Hch ermA, X5 5143
BTSSR, [ E 5 AR 45 5 B R ermC

12 13

14 15 16 17 18 19 20 bp

Figure3 Electropherogram of part products of S. aureus with ERIC-PCR

T: 1-20: 43#sBkAY PCR™4; M: DL2000 DNA marker.
Note: ERIC-PCR products of 1-20; M: DL2000 DNA marker.
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Figure4 Dendrogram of S. aureusfingerprint by cluster analysis

1 1 -VIFEIR S aureus ) 7 P50
Note: I —VI means 7 groups of S. aureus.
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