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Abstract

The present study was aimed to detect virulence genes and antimicrobial resistance genes among 180 strains of 14

Salmonella serotypes isolated from pigs and cattle.

In polymerase chain reaction (PCR), invA was detected from all strains of Salmonella spp. (S. spp.), spvC was detected
from S. enteritidis (100%), S. bradenburg (75%), and S. typhimurium (20.4%). Drug resistance related genes of 14 types
were detected from all strains. TEM ( blatem) gene was detected from 63 (92.7%) of 68 (67 ampicillin or 1 amoxicillin)
resistance strains. 70 (100%) of 70 chloramphenicol resistance strains and 3 (100%) of 3 gentamicin resistance strains did
contain cmlA and aadB, respectively. aphAl-lab was detected from 14 (93.3%) of 15 kanamycin resistance strains. strB
(85.0%), strA (69.2%), aadA2 (66.7%) and aadAl (45.8%) were detected from 120 streptomycin resistance strains. sulll
(98.1%), dhfrXII (96.1%) and sull (2.0%) were detected from 51 sulfamethoxazole/trimethoprim resistance strains. fetA
(97.7%) and tetB (29.7%) were detected from 175 tetracycline resistance strains. int gene was detected from 76 (42.2%) of

180 strains.

54 S. typhimurium of 180 Salmonella spp. were attempted to detect drug resistance genes. TEM was detected from 44
(95.7%) of 46 (45 ampicillin or 1 amoxicillin) resistance strains. cmlA was detected from 51 (100%) of 51 chloramphenicol
resistance strains. aadA2 (100%), strA (100%), strB (100%), and aadAl (79.6%) were detected from 54 streptomycin
resistance strains. sulll (100%) and dhfrXII (100%) were detected from 49 sulfamethoxazole/ trimethoprim resistance strains.
tetA was detected from 54 (100%) of 54 tetracycline resistance strains. int gene was detected from 54 (100%) of 54 strains.
The major drug resistance pattern and resistance gene profile were ampicillin, chloramphenicol, streptomycin,
sulfamethoxazole/ trimethoprim and tetracycline (ACSSuT) and TEM, cmlA, aadAl, aadA2, strA, strB, sulll, dhfrXII, tetA

and int, respectively.
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Table 1. Synthetic oligonucleotides used as primers for PCR

Antimicrobials Primer(gene) Sequence ( 5" =37} Size (bp) Tm(T) Reference
invA F ACA GTG CTC GTT TAC GAC CTG AAT 244 56 Lee (2005)
invA R AGA CGA CTG GTA CTG ATC GAT AAT
spvC F ACT CCT TGC ACA ACC AAATGC GGA 571 56 Lee (2005)
spvC R TGTCTT CTG CAT TTC GCC ACC ATCA
intF CCT CCC GCA CGA TGA TC 280 56 Lee 2005)
int R TCC ACG CAT CGT CAG GC
o TEM F GCA CGA GTG GGT TAC ATC GA 310 56 I ee (2005)
Ampicillin TEM R GGT CCT CCG ATC GTT GTC AG
PSE-1F TTT GGT TCC GCG CTA TCTG 150 56 Lee 2005)
PSE-1R TAC TCC GAG CAC CAA ATC CG
Chloramphenicol cat F CCT GCC ACT CAT CGC AGT 623 60 Faldynovaet al.
cat R CCA CCG TTG ATA TAT CCC (2003
cmilA F CGC CAC GGT GTT GTT GTT AT 394 55 Chen et al.
cmlA R GCG ACC TGC GTA AAT GTC AC (20041
cmiB F ACT CGG CAT GGA CAT GTA CT Chen et al.
840 55
cmiB R ACG GAC TGC GGA ATC CAT AG (20041
flo F CTG AGG GTG TCG TCA TCT AC 673 55 Chen et al.
flo R GCT CCG ACA ATG CTG ACT AT ) (2004
Gentamicin grm F AAG CGC ACG AAG CGC GGG CTG a14 53 Gebreves and Altier
agrm R AAG GCG GGC CTC AAG GAG GTC ) (2002
aadB F GAG CGA AAT CTG CCG CTC TTG 310 53 Gebreyes and Altier
aadB R CTG TTA CAACGG ACT GGC CGC (2002
aac(e) -1 F TGA GCA TGA CCT TGC GAT 337 53 Gebreyes and Altier
aacl6) -1 R GAA CAG CAA CTC AAC CAG (2002
Kanamycin aphAl—-labF AAA CGT CTT GCT CGA GGC 500 53 Gebreyes and Altier
aphAl-labR CAA ACCGTT ATT CAT TCG TGA (20021
Streptomycin aadAl F TAT CAG AGG TAG TTG GCG TCA T a4 54 Randall et al.
aadAl R GTT CCATAG CGT TAA GGT TTC ATT (2004
aadA2 F TGT TGG TTA CTG TGG CCG TA 719 6o Randall et al.
aadAZ R GATCTCGCCTTT CAC AAAGC ) (2004
strA F CTT GGT GAT AAC GGC AAT TC 548 53 Gebreves and Altier
strA R CCA ATC GCA GAT AGA AGG C ) ) (2002
strB F ATC GTC AAG GGA TTG AAA CC 509 53 Gebreyes and Altier
strB R GGATCG TAG AAC ATA TTG GC (2002
Sulfonamides sulA F CAC TGC CAC AAG CCG TAA 360 53 Gebreyes and Altier
sulA R GTC CGC CTC AGC AAT ATC (2002
sull F TCA CCG AGG ACT CCTTCT TC Chen et al.
331 55
sull R CAG TCC GCC TCA GCA ATA TC (20041
sulll F CCTGTT TCG TCC GAC ACA GA 4% 55 Chen et al.
sulll R GAA GCG CAG CCG CAA TTC AT (20041
Trimethoprim dhfrl F CGG TCG TAA CACGTT CAA GT 290 o5 Gebreyes and Altier
dhfri R CTG GGG ATT TCA GGA AAG TA i (2002)
dhfrXil F AAA TTC CGG GTG AGC AGA AG 499 55 Chen et al.
dhfrXi R CCC GTT GAC GGA ATG GTT AG (2004
dhfrXIIF GCA GTC GCC CTA AAA CAA AG 204 55 Chen et al.
dhfrXIII R GAT ACG TGT GAC AGC GTT GA (2004
Tetracycline tetAF GCT ACA TCC TGC TTG CCT TC 210 53 Gebreyes and Altier
tetA R CAT AGA TCG CCG TGA AGA GG (2002
tetB F TTG GTT AGG GGC AAG TTT TG Gebreyes and Altier
659 53
tetB R GTA ATG GGC CAA TAA CAC CG (20021
tetG F CAG CTT TCG GAT TCT TAC GG 844 53 Gebreyes and Altier
tetG R GAT TGG TGA GGC TCG TTAGC (2002
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Table 2. Resistance patterns of 180 strains of Salmonella spp. isolated from pigs and cattle*

Serotype No. of tested Antimicrobial resistance patternss No. of strains (%)
Agona 2 DPT 1 (50)
DPST 1 (500
Ardwick 9 D®P)T 7 (77.8)
ACbDPT 1 (11.1)
CDKNPST 1 (11.1)
ACbDPT 4 (100)
Bradenburg 4 ACCbDKNPST 3 (100)
Bredney 3 D (An,Cb, P T 23 (57.5)
Derby 40 D (Cb,Ci,P)ST 15 (37.5)
DKNPT 1 (2.5
ACCbDPSS T 1 (2.5
Enteritidis 9 DPT 8 (83.9)
KNPS 1 (11.1)
Mbandaka 3 G 2 (66.7)
A D 1 (33.3)
Rissen 8 D An)PT 8 (100)
Ruiru 7 D Cbh)ST 7 (100)
Schwarzengrund 38 CbDPT 1 (2.6
SI{An,Ch, D, P) T 21 (55.3)
ADST 1 (2.6
CD(P ST 4 (10.5)
ACCbDPT 1 (2.6
ACDSSuT 1 (2.6
ACCbDKNPT 1 (2.6
A CCbICf,Cz, N,Nad DKPST 8 (21.1)
Senftenberg 1 DPST 1 (100)
Tenn essee 1 DGP 1 (100)
Tuphimurium 54 CD(P ST 4 (7.4)
D NaSSuT 2 (3.7
CDNaiP)SSuT 2 (3.7
ACCbDPST 1 (1.9
ACCbDNaPSSuT 44 (81.5)
AnAc CbCfDNaPSSuT 1 (1.9
Westhampton 1 DPST 1 (100)
Total 180 180 (100)
*2005, Lee.

*%A. ampicillin, Ac; amoxicillin, An: amikacin, C; chloramphenicol, Ch; carbenicillin, Cf; cephalothin, Ci;
Ciprofloxacin, Cz: cefazolin, D: doxycycline, G: gentamicin, K! kanamycin, N: neomycin, Na; nalidixic acid, P:
penicillin, S: streptomycin, Su: sulfamethoxazole/trimethoprim, T; tetracycline.
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Table 3. Number of strains in Salmonella spp resistant to antimicrobials™

Number of strains resistant to specific antimicrobials+#

Serotype No. of tested

A Ac C G K S Su T
Agona 2 0 0 0 0 0 1 0 2
Ardwick 9 1 0 1 0 1 1 0 9
Bradenburg 4 4 0 0 0 0 0 0 4
Rredney 3 3 0 3 0 3 3 0 3
Derby 40 1 0 0 0 1 16 1 40
Enteritidis 9 0 0 0 0 1 1 0 8
Mbandaka 3 1 0 0 2 0 0 0 0
Rissen 8 0 0 0 0 0 0 0 8
Ruiru 7 0 0 0 0 0 7 0 7
Schwarzengrund 38 12 0 15 0 9 35 1 38
Senftenberg 1 0 0 0 0 0 1 0 1
Tennessee 1 0 0 0 1 0 0 0 0
Typhimurium 54 45 1 51 0 0 54 49 54
Westhampton 1 0 0 0 0 0 1 0 1
Total 180 67 1 70 3 15 120 51 175

*2005, Lee.

AL ampicillin, Ac; amoxicillin, C; chloramphenicol,

sulfamethoxazadle/trimethoprim, T; tetracycline.
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Table 4. Number of strains in Salmonella spp. with specific resistance genes

Number of strains containing resistance genes
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*A; ampicillin, Ac; amoxicillin, C; chloramphenicol, G; gentamicin, K; kanamycin, S; streptomycin, Su;

sulfamethoxazole/trimethoprim, T; tetracycline.

Table 5. PCR results for resistance genes in 180 strains of Salmonella spp. showing antimicrobial resistance

Number of strains with resistance genest

No. of
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A< w9 3, chloramphenicol WA 7052} gentamicin W
A 85 F BHE FFoA 2 cmlA® aadB7t A& EH Yo,
kanamycin WA 155 % 143 (93.3%)°0A aphAl-Iab &
AAL7F A& EJ ) Streptomycin WA 1205 5 strB 102
= (85.0%), strA 83F (69.9%), aadA2 80F (66.7%) 4
aadAl 555 (458%)7t #H & H oo
sulfamethoxazole/trimethoprim WA 515 5 sulll 505
(98.1%), dhfrXII 495 (96.1%) ¥ sull 15 (2.0%)7} &4

Atk Tetracycline WA 1765 5 tetA 1715 (97.7%)%}

o] ©
AR

[ ==

tetB 525 (29.7%)7F A= HA T FAWAE I B = int
FAAY AEHE&S 42.2% (165/180F) 2 YEYoH
chloramphenicol WAHZolA 95.7% (675/705) A&
At} (Table 4, Fig, 1~4).

Serotyped ¢HAIWA w7 A HE kA W
AeAASE d&S A3 S, typhimurium 545 5 f-
lactams A<E WA 463F (ampicillin WA 453 ¢
amoxicillin WA 1F) & 443 (95.7%)°1A TEM -4 A7
A& %93, chloramphenicol WA 515 5 2E 45
(100%)°lA cmlIA7F A& H Al Streptomycin WA 543
Z LE IF 100%)NA aadA2, strA D strB7F A& HS
(79.6%)°) A  aadAlol A& = |

Serotype &

I 48%F o o

5
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Fig. 1. A. PCR amplification of antimicrobial resistance genes
from resistance type ACKST S. bredney (A) and ASSuT S.
derby (B). M; 100 bp DNA Ladder (Promega). A. lane 1; TEM
(310 bp), lane 2; cmlA (394 bp), lane 3; aphAl-lab (500 bp),
lane 4; strB (509 bp), lane 5; fetA (210 bp), lane 6; int (280 bp).
B. lane 1; aadA2 (712 bp), lane 2; sull (331 bp), lane 3; tetA
(210 bp), 4; int (280 bp).
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500 —

Fig. 2. PCR amplification of antimicrobial resistance genes from
resistance type ST S. ruiru. M; 100 bp DNA Ladder (Promega),
lane 1; aadAl (484 bp), lane 2; aadA2 (712 bp), lane 3; strA
(548 bp), lane 4; strB (509 bp), lane 5; retA (210 bp), lane 6;
tetB (659 bp).

bp

500 —

Fig. 3. PCR amplification of antimicrobial resistance genes from
resistance type ACKST S. schwarzengrund. M; 100 bp DNA
Ladder (Promega), lane 1; TEM (310 bp), lane 2; cmlA (394 bp),
lane 3; aphAl-lab (500 bp), lane 4; aadAl (484 bp), lane 5;
aadA2 (712 bp), lane 6; strA (548 bp), lane 7; strB (509 bp),
lane 8; retA (210 bp), lane 9; int (280 bp).

sulfamethoxazadle/trimethoprim W4 495 & ZE o435

(100%) 0l A sulll®t dhfrXII7F A& H A} Tetracycline W
A BAFE F HE I (100%)NA tet A7 AEEP 0w, oFA
WA B e int AR BE oA HEFHU
Chloramphenicol WA S. schwarzengrund 155, S.
bredney 33, S. ardwick 15°1A cmlA7F AEH AL,
gentamicin WAl S mbandaka 259 S tennessee 15°]
A aadB, kanamycin WA S. schwarzengrund 95, S.

bredncy 3%, S. ardwick @ S. cnteritidis 2} 15 °fA]

500 —

Fig. 4. PCR amplification of antimicrobial resistance genes from
resistance type ACSSuT S. typhimurium. M; 100 bp DNA
Ladder (Promega), lane 1; TEM (310 bp), lane 2; cmlA (394 bp),
lane 3; aadAl (484 bp), lane 4; aadA2 (712 bp), lane 5; strA
(548 bp), lane 6; strB (509 bp), lane 7; sulll (435 bp), lane 8;
dhfrXII (429 bp), lane 9; tetA (210 bp), lane 10; int (280 bp).

bp

571—

Fig. 5. PCR amplification of antimicrobial resistance genes from
resistance type ACKSSuT S. typhimurium DT104. M; 100 bp
DNA Ladder (Promega), lane 1; TEM (310 bp), lane 2; PSE-1
(150 bp), lane 3; cmlA (394 bp), lane 4; flo (673 bp), lane 5;
aphAl-lab (500 bp), lane 6; aadAl (484 bp), lane 7; aadA2 (712
bp), lane 8; sull (331 bp), lane 9; tetG (844 bp), lane 10; int
(280 bp).

aphAl-Iab7} AZ% k. Streptomycinel WA S.
typhimurium, S. schwarzengrund @ S, ruiruo A=
aadAl, aadA2, strA I sirB7F oiFsHA AEEHA oY S
agona 15°Ae aadA2% strB7F A& 93, S ardwick
I S enteritidis ZF 1591 A aadA2, S. bredney 35201 A
strB7F AZHU o™, S derby 165°1A aadA2, strA &
HEHY 2 agadAlS HEHA &Sk,
Sulfamethoxazole/trimethoprim W A S.
schwarzengrund 15| A sulll’t A& 9% o™, S derby
1500 A th2 serotypeoliAd HAE A &8k E sulle] HEHA
o}, E3F tetracycline WA S.
schwar zengrund, S bardeburg, S senftenberg @ S.
bredney ol X = tetAW AEZHUSV S agona, S
ardwick, S. cntcritidis, S. rissecn 8 S ruirulX+= tctB
= HA&EUo) (Table 4, 5 ¥ Fig. 1~4),

strB=

typhimurium, S.

AU FAE |RTX profile

FA WA 3 3 WA R A profiledte] A= Table 69
Mo} ol S typhimurium 54F= 7E9Y WAFAR
profile® eI ACSSuT WA -FF olw A TEM, cmlA,
aadAl, aadA2, strA, strB, sulll, dhfrXII, tetA, int
profile @571 345F (63.0%)2 714 =74 EXEdon,
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Table 6. Specific antimicrobial resistance pattern and resistance gene profiles of Salmonella spp.

Serotype No. of strains Resistance patterns+ Resistance gene profiles
Agona (n=2) 1 T tetA, tetB
1 ST aadAZ, strB, tetA, tetB
Ardwick (n=9) 3 T tetA
4 T tetA, tetB
1 AT tetA, tetB
1 CKST cmlA, aphAl—Iab, aadA2, tetA, int
Rradenburg in=4) 4 AT TEM, tetA
Bredney in=3) 3 ACKST TEM, cmlA, aphAl—Iab, strB, tetA, int
Derby (n=40) 22 T tetA, tetB
1 T tetB, int
1 KT tetA, tetB, int
4 ST aadA2, tetA
1 ST aadAZ, strA, tetA
2 ST aadAZ, strB, tetA
2 ST aadA2, tetA, tetB
1 ST aadAZ, strA, strB, tetA
1 ST aadAZ, strB, tetA, tetB
1 ST strA, strB, tetA, tetB
3 ST aadAZ, strA, strB, tetA, tetB
1 ASSuT aadAZ2, sull, tetA, int
Enteritidis (in=9) 2 T tetB
6 T tetA, tetB
1 KS aphAl—Iab, aad?2, int
Mbandaka (n=23) 1 A -
2 G aadB
Rissen (n=8i 7 T tetA
1 T tetA, tetB
Ruiru (n=7) 1 ST aadAl, strA, tetA
1 ST aadAl, strA, strB, tetA
2 ST aadAl, strA, tetA, tetB
2 ST aadAl, strA, strB, tetA, tetB
1 S aadAl, aadA2, strA, strB, tetA, tetB
Schwarzengrund 1 T -
(n=38) 1 ST strA, tetA
13 ST strB, tetA
6 ST strA, strB, tetA
1 ST aadAZ, strA, strB, tetA
1 ACT TEM, cmlA, tetA, int
1 AST TEM, strA, strB, tetA
1 CST cmliA, tetA, int
2 CST cmlA, strA, strB, tetA, int
1 CST cmlA, aadAl, aadAZ2, strA, strB, tetA, int
1 ACKT TEM, cmlA, aphAl—lab, tetA, int
2 ACKST TEM, c¢cmlA, aphAl—Iab, strB, tetA, int
2 ACKST TEM, cmlA, aphAl—Iab, strA, strB, tetA, int
1 ACKST TEM, cmlA, aphAl—lab, aadA2, strA, strB, tetA, int
2 ACKST TEM, cmlA, aphAl—lab, aadAl, aadAZ2, strB, tetA, int
1 ACKST TEM, cmlA, aphAl-Ilab, aadAl, aadA2, strA, strB, tetA, int
1 ACSSuT TEM, cmlA, aadAl, aadAZ2, sulll, tetA, int
Senftenberg (n=1) 1 ST tetA
Tennessee (n=1) 1 G aadB
Tyuphimurium 4 CST cemlA, aadAl, aadA2, strA, strB, tetA, int
(m=54) 2 SSuT aadAl, aadA2, strA strB, sulll, dhfrXIl, tetA, int
1 AcSSuT TEM, aadAl, aad A2, strA, stiB, sulll, dhfrXIl, tetA, int
2 CSsuT cmlA, aadAl, aadA2, strA, strB, sulll, dhfiX]l, tetA, int
2 ACSSuT cmlA, aadA2, strA, strB, sulll, dhfrXIl, tetA, int
9 ACSSuT TEM, cmlA, aadAZ2, strA, strB, sulll, dhfiXI], tetA, int
34 ACSSuT TEM, cmlA, aadAl, aadAZ2, strA, strB, sulll, dhfrX1l, tetA, int
Westhampton(n=1) 1 ST tetA
Typhimurium DT 104 3 ACKSSuT TEM, PSE-1, cml A, flo, aphAl—lab, aadAl, aadAZ, sull, tetG, int
Total 183

*A; ampicillin, Ac¢; amoxicillin, C; chloramphenicol, K: kanamycin, S:; streptomycin,

sulfamethoxazole/trimethoprim, T; tetracycline.

Su:
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ACSSuT WA R3 TEM, cmlA, aadA2, strA, strB, sulll
dhfrXII tetA, int profile©] 95 (16.7%) 2 CST WA F3
cmlA, aadAl, aadA2, strA, strB, tetA, int profile©] 45
(7.4%) ©o 2 =74 £

S derby 405+= T WAARE tetA tetB profileo] 223
5.0MZ 7 =7 EEx ¥, S schwarzengrund 385
ST WA 3 strB, tetA profile©] 135 (34.2%F 713
A BEZEU T ST WA S stra, sirB, tetA profile©] 6
(15.8%) «S 2 &7 EEx =T

S typhimurium DT104 EFAFoAT A&4
ampicillin WA -F+d2<¢] PSE—-1, chloramphenicol WA ol
A flo E tetracycline WA A tetG7F A& E Y o, E3H
FZFF oA sulfamethoxazole WAFHAG] sulle] A&
HAd =Y, TADFE F S derby 150l A sullo] A& A
(Fig. 1~5).

I e of &

FAAE

i

a

A der 4 %9 98hs AL seroptype, BEF, oA

WA, phage typedl FA BOR o]golx 1 gloit ol
& vhelsie AwoRE U EW UFOIHZ Tuds
plasmid profile, PCR7|¥& 7|2 =2 3 EAgdshd Y
W AFHEA e o] o5 DNAS) AT A F& B sl o
SpAE FEstn e ErRA 0l Ak FAA
Salmonellads #9) @8ha H4& BAAE s WM B
Gt AW ET ol choFa AlEe] ojaha 2Aj o

o] E4 o= o]-§ % §lctk. PCR 7]
AW A ACSSuT S typhimurium DT1049]
2 Salmonellads 42 ©E serotypeol dis] A= oA WA
SAHAAY oG, & p-lactams AY (ampicillin®}

amoxicillin), phenicol A¥ (chloramphenicol¥

H
|

florfenicol), aminoglycoside A¥ (kanamycin¥
streptomycin), sulfonamides, tetracycline WA -7 A}
9 OFA WA I BA Y= int 5 FAIWA B {AAE A
Btz § At7F ZUEA SR EL Jonprsnm ek 3
HA o] BHH virulence gene?l invA}l spyColl TEF A
ol o]F oA AL e,

Z & Ao = thA WA ACSSuT S typhimurium
DT104+= AM ALl oFAI WA FAAE 2al Sl Ao = 1
Btk A -2 2 JAARAAE Y dEE SXAA
% 2= mobile DNA cassette?l 2709 integrono® LA
Ho] 9lom o] FZ streptomycin, tetracycline %
FHA (ZF aadA2, tetRI tetG 2
sulDE EF3t 9lo 1 p-lactamase (PSE-13 TEM)2}
chloramphenicol WA A A emDx 4 A&EA ok 3t

ek,

Hi

sulfamethoxazole WA

Colgu] - ol - AFT -

4 olE5

20059 o|7F 49} =X o Ee gt 34F2] serotype 457
F T GAWEE WEeWe S
typhimurium variant copenhagen 3%%), H|IL 2 ] -&0|
=31 FA WA EC] ALY gentamicin = kanamycin Ol
WS Vet AR duts o 18050 theto] PCR 719 &
o]-&3}9 virulence gene®l invA%} spvC, ACGKSSuT W

A3 A4 Y WARAA TP ER IR A int A A

typhimurium (S.

5 A= AR invA A B dF oA AE 100%)
Ao, spvC AL AEES 12.8% 235/1807)= Y

Bt el ERE SR WA T B Y int AR A&
42.2% (76 F/180F )= e S ™ chloramphenicol WA
dFolAl 95.7% 675 /70599 HEE&S YEFHA T

Khan 5% S. typhimurium 3254 invA 100%,
spvC 97% (31 of 32 isolates)®} int 94% (30 of 32)8aL 3}
AL, olE F 2239 ACSSuT WA S
DT104¢IA & invA, spvC ¥ int FHAVE 2% HEHAUCH
I skt Swamy 5700 28t ¥ 245529] Salmonella &l
Fo A invA FAAZE 100% A& HUN AL, spvC AR 4
E&2 15.1% (37 of 245 isolates)ol EIaFchiL 3f k.
Bolton 5%& Salmonella EeFA FHA2] A&&S
invA 98% (107 of 109 isolates), S. typhimuriumo©liAl
spvCe int= 2t 88% (81 of 92)2F 87% (80 of 92), S
typhimuriume AL 3 oE serotypeolA spvCe int=
Z}ZF 18% (3 of 179} 82% (14 of 17RIAL 3tE oM, 53] ot
ARA S typhimurium® chloramphenicololl th3}o] WA
< Yt S typhimuriume] oPd tE serotypeolAl int
= 22 100% 9} 82%<k 3 Bareked ot

Tl A= F FWol AdA A HANA Eezt S
typhimuriumolAl invA 88.0%, spvC 28.9%7} A& =t
A SF I, o= S typhimurium 138591 A invA 100%,
spvC 24.6% (34 of 138 isolates) @ int (integrase) 84.1%
(116 of 138)7} A& = thal B st

2 AF A invAs BE d5 oA A& Ho 959 Khan
5%, Bolton 5% ¥ Swamy 523 -2 vefke] o7} Hargh
AR T fAbeRR AL, A Fvol Bagk A Bt A v,
int? HEES 42.2% = Ve &= 9] A& Ko Iy Wskoe
Y chloramphenicol WA d#FollA= 95.7% (675/705)
A& ¥o] Bolton 599 A& R} okt BT spvCY AE
&L 12.8%2 UEY Khan 5'°, Bolton 593 $ejuete]
o]**, A ol S tphimuriums WA LR ZARRE AN
o} Wt ett Swamy 5709 AR H FAFSEA T spvCe int
FAAL] AEEo] B2 A2 =9 B F2 oA S
typhimurium DT104& F$4SE RARHAAL, $2uehe]
7 BEA4T A WA &l == S wyphimuriume A
oz A AN A EH ez F&HY

1805l thslo] Z}zFe) oFAIviAg
I TEM §384 5 14F9 WA 3=

typhimurium

FAANE AB Y 2
At AE At

g
(o]
“F
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FAPZFAAE F5 = p-lactams AE WA 685
(ampicillin WA 6752} =
92.7%)olA1 TEM ( p—-lactamase blarem) FA X7} HEH
AL, chloramphenicol W4 7059} gentamicin WA 35
T 2= HFFo A A
chloramphenicol resistance)® aadB7F A&H %o,
kanamycin WA 155 3 143 (93.3%)°1 A aphAl-Iab

(aminoglycoside phosphotransferase) -+ A7 A& =

amoxicillin WA 1) & 633

cmlA (nonenzymatic

t}. Streptomycin WA 1205 5 strB (streptomycin
phosphotransferase) 1025 (85.0%), strA 835 (69.2%),
aadA2 (aminoglycoside adenyltransferase) 805
(66.7%) W aadAl 555 (45.8%)7F d&=H A,
sulfamethoxazole/trimethoprim WA 515 % sulll
(dihydropteroate synthase) 505 (98.1%), dhfrXII 495
(96.1%) 9 sull 150 (2.0%)7F A& 9A k. Tetracycline W
X 175653 5 tetA (class A tetracycline resistance) 1715
(97.7%)2} tetB (class B tetracycline resistance) 523
(29.7%)7} A== Aok

Serotype B2 A& Aegt A3 S typhimurium 545
ofix] FAI WA FAAS] AE S-S f-lactams AE WA FHA
Q1 TEM 95.7% (445/465; ampicillin WA 4552
amoxicillin WA 13), chloramphenicol WA -7 A2l
cemlA 100%(513/51F), streptomycin WAFAAF <
aadA2, strA, strB7F Z+ZF 100% (b45/545F), aadAl
79.6% (435/54F), sulfamethoxazole/trimethoprim W
AR sulllt dhfrXIT 25 100% (495/49F) 4
tetracycline WA AR tetA 100% (5452 /545)2 e}
v, A WA T BT e int FAAE BE F5olA A
=5 k.

£ gerotypeoll A= chloramphenicol WA o5l A

emlA7F A& HY T, gentamicin WA S mbandaka 259
S. tennessee 154 aadB, kanamycin WA S.
schwarzengrund 95, S bredney 35, S ardwick @ S
enteritidis Z 15 A aphAl-Tab’l A&},
Streptomycin WAL FANAE= aadAl, aadA2, swrA 2
strB7F theFshHA A& =t

Sulfamethoxazole/trimethoprim W A S.
schwarzengrund 15° A sulll/l A& %R e™ S derby
1520 A 2 serotypeolX HE2HA| $EUE sulP] GEHA
o} E3 tetracycline WA dF A= T2 tat AT A& HAY
O\t S agona, S. ardwick, S. enteritidis, S. rissen &
S ruirudX = tetBE A& E S o

FAI A 8 WA FAA profile o] BAE AR 4
I S, typhimurium 543 % ACSSuT WA GFolHA
TEM, cmlA, aadAl, aadA2, strA, strB, sulll dhirXII,
tetA, int profile @57t 345 (83.0%=E 7 =7 BX
Fom ACSSuT WARE TEM, cmlA, aadA2, strA,

strB, sulll, dhfrXII, tetA, int profile®] 95 (16.7%) ¥
CST WA T3 cmlA, aadAl, aadA2, strA, strB, tetA, int
profile®] 45 (7.4%) £ 2 £/ Ex =}

2= oA = serotype, phage type E FAIWAE Y 52 A
ZHAE AE Y B o2 o] T/ primerE o]-& o] oF
AWAT BAE FHAAE A&t Gebreyes®}t Altier'™
= "= HARFEH E3k 48459 S,
(var copenhagen 3285 X3)ojA PCR 7| & o]-&3F oA
WA &5 FAARE #AAR 23 ACSSuT WA S
typhimurium DT104014 = PSE-1, aadA, sull & tetG7}
AEHE AL, AKSSuT WA S typhimurium DT19301A4 =
F2 TEM, aphAl-Iab, strAB ¥ tetB7} A& %R oM, 7}
H aadA% AEHATL sFYct. ESF AKSSuT WA S,
typhimurium U302 15| Al:= TEM, aphAl-Iab, strAB
9 tetAZF, ACSSuT WA S typhimurium U302 1520 A=
DT104 A A&8 AT 5LF < PSE-1, aadA, sull I
tetG7F A& Hol WA 844 &4 9= DTI04=
chromosome, DT193-& plasmidelil 349G 3, R{3= oF
ARAFAG= A= 2y 2393 4 38 0= A= F
Abstn] | otz o B g o] global B kgl Th
o}

typhimurium

Randall 5?2 F=9 AT FEolA &3 AIWA
Salmonellass T (35%2] serotype) ol thet oFA WA 542}
AZA 6852 ACSSuT WA S typhimurium DT104+=
F2 PSE-1, [oR, aadA2, sull ¥ tetG7F A&9YR L, 1
ool TEM 55, cat2 15, strA 105, sulll 8%, tetB 15,
kanamycin WA 13X aphAl-Iab7} A&H o,
ampicillin WA 5= oA TEMI} PSE-10] FAlof A&H o
= ki stk 659 ACSSuT WA S typhimurium
U3029X = F2 PSE-1, floR, aadA2, strA, sull, ssulll
9 etV AEEHA L, tatA 152 AEEHATL ST 11
F9 ASSuT WA S. typhimurium DT193°A4 = &
TEM, strA, sulll @ tetA7} A& HJ 2, PSE-1 1% A&
% 21} chloramphenicol WA 1520l A= catl, cat?2 =
floRo] A& HA &8kthal sttt Kanamycin WA 1501 A
aphAl-Iab7t A&, THE serotyped B 4= F
TEM, catl, strA, sulll ¥ tetA B= tetB/} A& H P o,
I 9ol cat?, aadAl, aadA2 9 sulle AZE ¥t 34
o, S. emek 159 Al floR¥} terG7F AE R o= AT
st Tt

PSE-1, floR, aadA2, sull ¥ tetG= S typhimurium
DT104¢F U302014 HAE&&©0] 9L, tetA®} tetB= S.
typhimurium DT104%} U3027F ofd o phage typed
serotypeolAd F2 HE&HAUGIL AT strA= S
typhimuriumolA £ A& =Y 21 th2 serotypeclrd A&
o] B, aadAlS S. typhimurium©o| ofYd t&
serotypel AT AEH NS, aadAlF aadA2, aadAlZh
strA W aadA2%} strAZF 34 AEE A= AT SHh
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aadA29} strA ol T2 Aol wisto] 2714 -2 A
Z£50] aadA2% class 1 integron® T#Ho] QI strA:=
plasmid®} @A o] Uil 3FF o, E3JF class 1 integron
T A glo] 2= oFAl ol el 27HA] A A} (aadA1k strA)
E HF8 A= st stk 2822 2 PSE-1, fIoR,
aadA2, sull 4
resistance genomic island¢l class 1 integron¥ ¥ o]
RO strAS} sulll= plasmide} ¥ o] kil skl oh22,

Chen 59& n=3 tinkoflA Bl gt 13352] Salmonella
& ool disto] ofA WA I FAAE HES 27 aph-Ila
+ kanamycin WAl Fol A, aadAlS streptomycin WA,
sull?®/ = sulll= sulfonamide WAT, tetAl/ E=
tet B& tetracycline WAL, catld cat2e It
chloramphenicol WA &, flo—-12 1= H{H S
typhimurium DT104, TEM-1& 9l = & S
typhimurium DT208% S. typhimurium©| ofd t&
serotype H ekl 2] ampicillin WA FANA HE=A T
I Egen, nafd 259 S wyphimurium DT104 o)A
= PSE-1, flo—1, aadAl, aadA2, tetA X tetB7} AZE 9
okal skt o] F PSE-1, flo—1, aadA2, sull ¥ tetAx o
ARA F9 ol SGI1 B o] UX aadAl, sulll E tetBe=
plasmid®} ¥ o] Qlrtkal B shed o

Pezzella 5-& olgelote FEFd 58F (2059
serotype)?d THAIWA Salmonellad ol ol st
streptomycin ¥ tetracycline WA T {fAAS A& 2
T} strA®} strBo AE-E0| 84%%3L, tetAY HESELS 68%
olgl o o]l5L2 plasmid®} transposon THo] Utk
B Fh, Llanes 59 ZE oA B3t 9659
amoxicillin WA Salmonellad; oAl TEM-1 (5645),
PSE-1 (40%), TEM-28} PSE-1 (1%) % OXA—4 (13)E
AEIH o, BE PSE-12 S typhimuriumoA A&
o] A7NALEEA AI Pseudomonas aeruginosalAl
plasmid RPL11o &J3] 28t PSE-19] |71 A€ 98% A
TRE T Basty el Guerra 142 SHAWA S.
enterica serotype (4, 5, 12 : 1 : —JollA] dfrA129} aadA2
= class 1 integron¥ #&#H o] QJ3, TEM, cmlA, aac@) -1V
1 et As spve SHFEHE 140 kb = spvE H{3HA o=
120 kb Z7] 2] large plasmidel & o] okl B st¢d o,

=W o] Al WA B FAA AEol TR Atolix = o
7F 49} HA§ plactams (ampicillin® amoxicillin) W
A S typhimurium 495 (AAcCSSuT WA 4432} ACST
WA 55 5 47N A TEMES AE BRIt o] 572 At
Zad FAWAE S typhiolA ampicillin WA 1150l ths}
ol TEMZ A& Rzt ub ok, o 5292 =Hix]olA &=t
ACSSuT WA S S typhimurium DT104 2529}
tetracycline? chloramphenicol WA S typhimuriumo©l
A PSE-13 eml/retR §A A= A& HA FSL AT

tetG= chromosome® multidrug

=2 . 7] 13)
=

s

nno'olo)\

Salmonella®: « 65 (ACSSuT WA Y S typhimwium
DT104 25%, ampicillin WA S typhimurium 35 5 25 4
ampicillin WA S enteritidis 45 & 25°A4 TEMo] #&
Hoha stgoe™, A CGNaSsSuT AR Y S.
typhimurium DT104 (15), CSSuT WA ZF 9 S
typhimurium (45) 9 ACSSuT WA 3 S S typhimurium
259X eml/tetR & A& HA FA AR, ACSSuT WA F 9
S, typhimurium (25%)°A PSE-10] H& Hichal 3Fal ol

2 APl M AEF 545 F 4359 ACSSuT S.
typhimurium©lA &2 TEM, cmlA, aadAl, aadA2, strA,
strB, sulll, dhfrXII, tetA7} A& %] =2 Gebreyes2t
Altier'®7} AKSSuT WA S typhimurium U302 15=0f A
TEM, aphAl-Iab, strAB % tetA7t P& EAUct Bargh
AR T FAFSEY AL, 9= 9] Randall 5°%0] ASSuT WA S
typhimurium DT1930)|X F£2 TEM, strA, sulll Y tetA
7F AEHA T RAgh X 3 FAFSE 2™, Chen §%0] Wl
T Salmonellads oA F&2 TEM-1, catl¥/ =
cat2, aadAl sulll ¥ tetA7} AEHJACT Re A&7
Gebreyes®t Altier®™7} AKSSuT WA S. typhimurium
DT193°l14 & TEM, aphAl-Iab, strAB 4 tetB7} A%
Sy Haugt Ay o FASAS. ot
chloramphenicol WA FA4 4& 23 W EeFA A=
emIAZF HEHY oY ditt EeFolAe cat7l AEHAL
., tetracycline WA AR A& 27 W 8 FolA=
tet A7 A& E vt o wl= Ee] 2ol A= tetB7l AE ol A
Z Zol & YetSTh olE ol o] Pezzella 52V i A9
Llanes 59 44 #= thax Zpo] 7} Wt

E3SE S typhimurium®] oFd ThE serotypedl A F=2
cmlA, aadB, aphAl—-Iab, aadAl, aadA2, swA, strB,
sulll tetA, tetB7F A&E A1, sulo] A&H o= 3o
Randall 20| S typhimurium®] oFd o2 serotype°lAl
F2 TEM, catl, strA, sulll ¥ tetA B= tetB’} A&9Y
3, 71 Qo) cat2, aadAl, aadA2 B sull's A& HYciar &
2% A3 FASE S, kanamycin WA B2 FoA
aphAl-Iab°] A& %] Gebreyes?t Altier'® ¥ Randall &
o] A1k A& 3t AX| 3R 21 Chen 5V0] divt Ha] 5o
A= aph-Ia7F AEEI ot B3t A i Zol& vie
Wtk Gentamicin WA 970N aadB7t H& o
Gebreyes®t Altier'™7} grmo| A& HJ I B3t A 7}
= Aol & YEFHA AT Randall 5220] Hagh A& T o
A3} STt

A o9 o] FE =

A4 Zolm & 4 AT FE AFAE]
9] TR Ao & AR

2} Altier*®= chloramphenicol W

primer& ARESMA] &AL sulfonamides WA FAA HE
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off sull'tt AR 3+ .21 Randall 522 chloramphenicol W
A GAR Ao ecmIA® cmIBE AR 3HA|
streptomycin WA A2 A& ol strBE AMHEHA] g8k om |
Chen 5% streptomycin WA 42 A& strA®} strB
E AEERA] 3L 7] Wl ol), web A -2 vkt 49} wiX] 57
Ardiis JojAd =2 HEH TEM, cmlA, strA, strB,
sulll 9 tetA= plasmid 9 o] & AL 2 240}

2 AP olA &8 AN B E S typhimurium® F
8 FAHAEARE 9 WAREA profile ZF ACSSuT ¥
TEM, emlA, aadAl, aadA2, strA, strB, sulll, dhfrXII,
tetA, int= YERYTH o]= 1980~ 1990W ) 7HA] 2]t ofjA]
A WA S YEFWA Y S typhimurium SAME 53 0|9
o 19909 o]F-o =2 {9, vl " st SN &
2% = ACSSuT UiX &9 S typhimurium DT10492} WA
T2 Ak & dAFoA 2=AME S gyphimuriume S,
typhimurium DT104 ¢} A WA FAAE-2 AR & X7
& oo} AR A w7 AN & Yo7

o RSN
= —
FFHANH O Fa% u] S Fctu

ol o
ok ot

A A& WEtWe S typhimurium, W4 Ea&0]
=31 SFA WA &°] =AY gentamicin = kanamycin
WS vt ARduts o 180F (14 serotypes)oliA
PCR 71¥& ©]-83}9 virulence gene®l invA%} spvC,
ACGKSSuT WA ¥4 44 9 WA RAA 7 ER o7

A inte A& el BAGALA B4 2AG W ohe T 2

invA= EE d5o0A A& A00%) =N o, spvCe AE
&2 12.8%% Vet ot B3 oFAIWA I B9 = intd] 4
E282 42.2%2 YEFY S W, chloramphenicol WA #F3=0l
A 96.7% (675/705)2 A&E&S YEFUSiTh

TEM 34 5 14%9 WA 3 347 A& =%k oF
AAAAFAAE o3 == f-lactams AL WA 685
(ampicillin WA 6739} amoxicillin WA 15) £ 635
(92.7%)o A TEMe| A& =3, chloramphenicol WA 70
F2} gentamicin WA 35 5 EE dFoA ZF cmiAS)
aadB’} A&£9% 29, kanamycin WA 1653 & 145
(93.3%)°ll X aphAl-Iab7} &= At Streptomycin WA
1205 % strB 1025 (85.0%), strA 835 (69.2%), aadA2
805 (66.7%) W aadAl 555 (45.8%)7F AE=HA LT,
sulfamethoxazole/trimethoprim WA 513 % sulll 505
(98.1%), dhi{rXII 495 (96.1%) 9 sull 15 (2.0%)7} A&+
At Tetracycline WA 17565 & tetA 1715 (97.7%)%
tetB 525 (29.7%)7F A& =3 ot

S. typhimurium 54504 SFANA FAAY A&

f-lactams AE WAFAAQA TEM 95.7% (445/465F;

ampicillin WA 45639 amoxicillin WA 13),
chloramphenicol WARAAE emIA 100% G152/515),
streptomycin WARAAQ aadA2, strA, strB7F 2+Z¢
100% (545 /545 ), aadAl 79.6% (435 /54F),
sulfamethoxazole/trimethoprim WAFAAFQ sulll2:
dhfrXIT Z} 100% @ 95/495) YU tetracycline WA+ A+
el tetA 100% (5452/6452)2 Gebe ™ AW B9
Ue int FAAE BE dFoA A& H8Ah

OFAI WA 7B WA AR profileTe] HAE FARRE A
I S, typhimurium 545 % ACSSuT WA F3olHA
TEM, cmlA, aadAl, aadAZ2, strA, strB, sulll dhfrXII,
tetA, int profile @571 345 (63.0%)= 7 =74 Ex 5
ALt

il
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