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Salmonella Typhimurium is a virulent pathogen for human and animal. We studied serotypes, biochemical
characteristics, and antimicrobial resistance of S. Typhimurium isolated from diseased pigs in Gyeongbuk
province over 1998 to 2008. One hundred sixteen isolates were identified as S. Typhimurium by bio-
chemical characteristics and serotypes from 90 farms. The biochemical characteristics of S. Typhimurium
isolates was production of H,S, indole-negative, fermentation of mannitol, dulcitol, sorbitol, inositol,
rhamnose, and maltose, and ornithine decarboxylase. At antimicrobial susceptibility test, the majority of
isolates were highly susceptible to amoxicillin/clavulanic acid, cefepime, ciprofloxacin, while were highly
resistant streptomycin, cephalothin, enrofloxacin, nalidixic acid, apramycin, chloramphenicol, tetracycline.
The isolates were divided into 65 resistant patterns and 47 of the isolates were shown as a DT104 ASSSuT
resistant phenotype.
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A £ 2 E]al glom, 2IE50] Typhimurium®] 2|7} @o]
H %3 ¢ltk(Duijkeren 5, 2002; George 5, 2005;

Salmonella &5 AW A|w-2ko]] £3}= lactose H] Schwartz 5, 1999).
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Salmonella &3 7Fgo] 3olE FEAo|r= Et
of QAR kel Ml W AR So] HHow o
L] AR Folt} ghEe] M FARIL You

—r‘

AlZW 7182 gt A =7t o 9n ES
SRR UA B plasmid2] EA 2 23| HR|of| A A&
Sh qAAlo] et okAl e A AT diRie) 7
AAIEC] WAool e Aem Hiwa QIth(Black-
burn 5, 1984; Fales 5, 1990; Schultz, 1989; Schwartz,
1997; Wilcock 5, 1990).

19904 0% -, 1], Ajvict S|4 ampicillin,
chloramphenicol, streptomycin, sulfonamides®} tetra-
cycline (ACSSuT) 52| Ao AW EdS 71 8.
Typhimurium definitive type (DT) 1047} AF3} 7)==
oA el Ee&ol g43] F7F FAlel itk(Poppe 5,
1998; Threlfall 5, 1994, 1997).

T w2 BolET FYAEIES
Ao 2 Salmonella <5+tol thgt Ee|et AT
ABE GAlel pigBEE wasislon, Ay
A AR DTI042] Bel7h sholdl v} glck
(3 5, 2001; 4 5, 2003; A =, 1986, 2004; Z =,
2008).
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1998 A XL E] 2008 7[R AHEX|H} oF=*%F0 2 H g
AARE AHEIA B L0 B0 e B o
27 & WA M ES
"} 2] Q1 buffered peptone water (BPW, Difco, USA) 45ml

o HEBIT 3TC 18417 SR TS Z 2 0.1ml-S
A el 2] Q1 Salmonella-Shigella agar (SSA, Difco,
USAYS] Eske] 37°C, 18417 wheFstl A A
2 2 F 3} Tryptic soy agar (TSA, Difco, USA)<]|
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B3t Salmonella @A+ tfslo] Ewing &
(1986) 2] ol whe} 574, indole A5, HoS A4
-5, urease, phenylalanine deaminase, lysine/arginine/
ornithine decarboxylase @ lactose, sucrose, mannitol,
dulcitol, adonitol, inositol, sorbitol, raffinose, rhamnose,

maltose, cellobiose, arabitol?] TE3l= ZHA} esculin

7t nitrate S5 52 AAHARE AAISH
o},
dyYAL

=22 E4F= 9l DifcoAKDetroit, USA)o]| 4]
AASE Salmonella FE3H S FYste] polyd ¥
Group&2 A A3} 11, somatic (0) &0 tisle] O1,
45,125 HURRHNAS 0|51} ALA AE
wpdloll weh AR AXshele). Flagella ()4l
phase 13} phase 29 t]3}4]+= Hong 5(2008)2] =+
o] wet Y PHAE AR B9 primerE
Table 13} o] A|&ksto] PCR 7|®¥& o]§dto] 5%

8 Bolxgle] 452 Agstech

SN 2+ A

YA /3 AE -2 Clinical Laboratory Standards
Institute (CLSL, 2009)9] 7]%0| b} t]Az Shabd
(disc diffusion method)2 ©]-8&3}o] th23} Zho] AlA]
shoict WA Eel55 TSAOA] 37°C, 18417 531 vl
3t & FZEr(McFarland No. 0.5)2 3|45} &
H5-& AHEste] b]E] £4|3 Mueller-Hinton me-

dium (MHA, Difco, USA)o|| #5517 314 =uket o}
= YA discE viAE 870 E HE5haL 37°C, 18A7F
Hj&FRt & disc =90 Yehd TEAXHE

l%ﬁ}oﬂ SA5EAAL, Al et A B W
d WAL disc A=Al A AARE 7]l el 2
A3 o] x}ﬂa} A= BBL sensi-disc (BD®, USA)
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Table 1. Primers used for multiplex PCR to detect and differentiate Salmonella enterica serogroups and serovars

Target gene Nucleotide sequence Expected size (bp)
F: 5'-GGC TTC CGG CTT TAT TGG-3'
abel (Group B) R: 5"-TCT CTT ATC TGT TCG CCT GTT G-3' 561
. F: 5'-AAC GAA ATC AAC AAC AAC CTG C-%
fUC (HI. phagel) R: 5"-TAG CCA TCT TTA CCA GTT CCC-3' 208
1B (H2, phage?) l;{ 2 -AGA AAG CGT ATG ATG TGA AA-3 204

-ATT GTG GTT TTA GTT GCG CC-3’

Table 2. Property of S. Typhimurium isolated in study

Year No. of farm No. of isolates
1998 1 6

1999 1 1

2000 2 7

2004 28 40

2005 24 25

2006 13 14

2007 9 10

2008 12 13

Total 90 116

Table 3. Biochemical properties of S. Typhimurium isolated (n
=116)

Test or substrates No. of positive isolates (%)

Catalase 116 (100)
Production of indole 0 -
Phenylalanine deaminase 0 -
Reduction of nitrate 116 (100)
Production of H,S 116 (100)
Urease 0 -
Decarboxylation of lysine 112 (96.6)
arginine 0 -
ornitine 116 (100)
Fermentation of arabinose 0 -
lactose 0 -
sucrose 0 -
mannitol 116 (100)
dulcitol 84 (72.4)
adonitol 0 -
sorbitol 114 (98.3)
cellulose 0 -
raffinose 1 (0.87)
inositol 90 (77.6)
rhamnose 116 (100)
maltose 114 (98.3)

A%<l Amoxacillin/Clavulanic acid (AmC, 20/10ug),
ampicillin (A, 10ug), cephalothin (Cf, 30ug), Cefepime
(FEP, 30ug), gentamicin (G, 10ug), neomycin (N, 30ug),
streptomycin (S, 10ug), nalidixic acid (NA, 30ug), ci-
profloxacin(CIP, 5ug), chloramphenicol (C, 30ug),
tetracycline (T, 30ug), trimethoprim/sulfamethoxazole
(SXT, 1.25/23.75ug)3} Ox0id®(UK) #|Z<!1 enroflo-
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Fig. 1. Specific amplification of PCR for identification of sero-
group B, H1, and H2 of S. Typhimurium. Lane M: 100bp
DNA size marker, Lane 1-14: S. Typhmurium isolates,
Lanel5: Negative DNA control.

xacin (ENO, 5ug), apramycin (Ap, 15ug), florfenicol
(Fc, 30ug) 5 155 AHg-3kich
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= 5 Eeji 92 Table 29F Zt} 907 =
oA 11677} 2] 574 = %o, 2004 d 3} 2005
EeF7F 242} 40, 2572 71 kT
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Table 4. Antimicrobial susceptibility test of S. Typhimurium

isolated (n=116)

Table 5. Continued

Multiplicity of Resistance patterns No. of
Antimicrobial drugs Susceptible % resistance P isolates
Ampicillin 14 12.1 10 AmCfEnoNaSGmN Ap CTe 1
Amoxacillin/clablanic acid 111 95.7 Am CfEnoNa S Gm N Ap Sxt Te 3
Cephalothin 12 10.3 Am Cf Eno Na S Ap C Fc Sxt Te 1
Cefepime 113 97.4 Am Cf Eno Na S Gm N Ap Sxt Te 10
Ciprofloxacin 85 73.3 Am CfNa S Gm N Ap C Sxt Te 1
Enrofloxacin 30 25.9 Am Cf S Gm N Ap C Fc Sxt Te 1
Nalidixic acid 14 12.1 Am Na S Gm N Ap C Fc Sxt Te 1
Streptomycin 0 - 11 Am Amc Cf Cip Eno Na S Gm Ap Sxt Te 1
Gentamicin 17 14.7 Am Amc Cf Eno Na S Gm N Ap Sxt Te 1
Neomycin 36 31.0 Am Cf Cip Eno Na S Gm N Ap Fc Te 1
Apramycin 2 1.7 Am Cf Cip Eno Na S Gm N Ap Sxt Te 6
Chloramphenicol 58 50.0 Am Cf Eno Na S Gm Ap C Fc Sxt Te 1
Florfenicol 68 58.6 Am Cf EnoNa S Gm N Ap C Sxt Te 1
Trimethoprim/sulfamethoxazole 25 21.6 Am Cf Eno Na S Gm Ap C Fc Sxt Te 2
Tetracycline 1 0.9 Am Cf EnoNa S Gm N Ap C Sxt Te 2
Am Cf Eno Na S Gm N Ap Fc Sxt Te 1
Am Cf Fep Eno Na S Ap C Fc Sxt Te 1
Am Cf Na S Gm N Ap C Fc Sxt Te 1
Table 5. Antimicrobial resistance patterns of isolates (n=116) CfEnoNa S Gm N Ap C Fc Sxt Te 1
Multiplicity of . No. of 12 Am Cf Cip Eno Na S Gm N Ap C Sxt Te 1
resistance Resistance patterns isolates Am Cf Cip Eno Na S Gm Ap C Fc Sxt Te 1
) ST | Am Cf Cip EnoNa S Gm N Ap C Fc Te 3
3 SAe T 1 Am Cf EnoNa S Gm N Ap C Fc Sxt Te 14
1 CfSpAeT ) 13 Am Amc Cf Eno Na S Gm N Ap C Fc Sxt Te 1
CfSNPT ¢ X Am Cf Cip Eno Na S Gm N Ap C Fc Sxt Te 4
NaS Ap ?Fe 1 Am Cf Cip Eno Na S Gm N Ap C Fc Sxt Te 10
14 Am A fCipE N A F Te 1
5 CFS Ap Fe Te | m Amc Cf Cip Eno Na S Gm p C Fc Sxt Te
CfS Gm Ap Te 1 Total 27 pattern 72
CfSGmN Ap 1
6 CfSGmN Ap Te 1
Na S Gm Ap Sxt Te 1
Am Na S Ap Sxt Te 1 inositol, rhamnose 2 maltose¢]] A Edl50] Q1A
7 Am Cf EnoNa S Ap Te 1 o157 o = - 2 Hall-o] ol
Am CfS Gm N Ap Te 1 E| Q3L 17]S] F=7} raffinoseo]] T8l &350l 1%
Am Na S Gm Ap Sxt Te 2 o, Y] G5 dairs 5 Hhe-S Ho|x| ¢
8 Am Cf Eno Na S Ap Sxt Te 1 o} = 6 . . =
Am Cf Eno Na S Ap Sxt Te 5 Atk 116522] S. Typhimurium©|| o5t} Salmonella O
Am Cf S Gm N Ap Sxt Te 1 3}E A 9] poly A, group D2} O factor 1, 4, 12912} tf
Am Cf Na S Gm Ap Sxt Te 1 5k Sato]= oAU A A = o=z
Am Eno Na S Gm N Ap Te 1 ok SEtol= S HARS AR At 2R S
Am Na S Gm Ap C Sxt Te 1 HS-S el Ao 2 301E| Q)1 PCRE 0|83 O
Am Na S Gm Ap Fc Sxt Te 1 _ _ .
Am Cf Eno Na S Gm Ap Te | antigen serogroup B9} HY-H-S XA A3} Fig. 11}
9 Am Amc Cf S Gm N Ap C Te 1 Zro] Serogroup B2} H1, H29j| tjjgl Eo]8-Hx} KO
Am Cf Eno Na S Gm Ap Sxt Te 2 _
1 Z=¢] o = P
Am Cf Eno Na S Gm N Ap Te 1 7b A= gaagiiwe] gt A A
Am CF EnoNa S G Ap St T ,  (IBEE Tableash 23
m no Na S Gm xt Te . . N
Am Cf Eno Na S N Ap IS)xt Te 1 Amoxicillin/clavulanic acid®?} cefepime©] o 3] A]
Am CfFep S Gm N Ap C Te 1 11132(95.7%) 2} 11332(97.4%) 7} 2r4=Ado] glom,
Am Cf Na S Gm Ap C Sxt Te 2 . . . _
Am CfNa S Gm Nip Sxt Te 1 ciprofloxacin®} florfenicol®l] t3jAl+= 8555(73.3%)%}
im gf 1;1"1 GS NNAAp CCFg TeT i 683(58.6%)2] 437} #Alo] 9lom, streptomycin
m Na S Gm p C Sxt Te B
Cf Cip Eno Na S Gm N Ap Te 1 of tisiA= He w57t WAool A= AR Yty
Cf Eno Na S Gm Ap C Sxt Te 1 . 223k S, Typhimurium 2] 31 A o] 3F WAl oF
10 Am Cf Eno Na S Gm N Ap Sxt Te 1 E}oba] yp} . 'L" °/_ll_] EH e 3
Am Cf Cip Eno Na S Gm Ap Sxt Te 1 A2 Table 59 et Bl 1165+ F 65719 W
AmCICipEnoNa$ GmNApTe | Yo BHEUL 64 olel A WS et
Total 38 pattern 44

CHAIoFA] W71 1082 & Ao ARg-3t 34
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o Abgo] Wurale] iAo} g SR Fo mwt
2 AAA Zeolq $540] YFHot Ay
A AlEEe) shaet A4AQl A BE ob]

A4t Edo| Stk wet @58 X mA|o] Adeat
o fFof o] Fakgo] FA| Al EHIGItHA -5, 2004;
2 5, 1989). Salmonella <o A S. Enteritidis2} S.
typhimurium ] 7-¢- sj2|o] F==2 ARE-Sh= A9
s AEA HAIA g2 WS 7L sl AL
2 ®Hx|31 ¢ltkBlackburn 5, 1984; Fales 5, 1990;
Sch-warts, 1997; Wilcock 5, 1976). A 5(2004) &}
Zo| 4] E&|38} S. Typhimurium 3455 tjAro 2 18%
O] gAY A ol thet oFA Fd AES AAISH tetra-
cycline, sulfonamide, streptomycin®]] =2 WA e}
U&= "HA quinolones®} cephalosporines A& of t3f
A S8 7448 UeR T 10714 oFA) Yl e o R
H 3}t B Alslof A= tetracycline, trimethoprim T}
streptomyeino] & U4S trehol fAle 4% &
el Sl ot enroﬂoxacinI’Jr cephalosporin®]] o} 3} A]
T =2 WEdES HeEddl Z 657HA] AW @
W] ok et 116—r—% ArdEE WSS
2 AR 1998} 1999 o] Ea|st 75+= 54| o]
58] 7744 WAE L2 ol Al ‘/} 2000 ©o]% &
25 ampiciling Z3HgE 722 A WS
UEtl= A o= Uyttt o ?(2009)% =54 S5t

W Ae) wa B E o)A Relek 96
S. Typhimurium®] kA4 AF A} tetracycline,
streptomycin 5o & Ul4S Wshe] R AR &
ARt AHE YE 2l o, quinolone A G 9] S8 Al=
ol me Ao et 2 ARelH e cipro-
floxacin®] 26.7%, enrofloxacin®] 74.1%2] A&}
W o) oh Aol} AT ol BECIA HelH
S. Typhimurium @] 7-9- A x| & Sof 25t YA
5ol o 2 Ao 2000d7HA] Ee]H 145
quinolone Al Foj| Fr=Ado ] O} 20049 o]F B
2ol A W0l Vs Ao R ol A4 A
2807 quinolone A Ok%—J AHES 7 wE W
AP EZ0] =717 F0le Aor =T ESF
4 520042 L FA Al =il DT104 ¢

913 PORS o] §51e] Solf Al SEAES =
Azt % SHolg ot oA e EHFE 271
WAE o] 1427} ACSSuTE 02 Uehdchs 15}
Qo 7 520012 HEAY 7oA gt 4

Z+9] S. Typhmurium 0] 4 737} DT104 2] 0’:11]141/‘3
FHEE JEPAThT ¥ 15H9 T, Yang S(2002)2- oF
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= Hlaste] AR At 539 oAU dlY o
% 71ed 2257} $ AR LAk BE ot 9
oh 3 AFOAS PORA MO 2 §AYS 2AHA
Eorot 19744 WdE Sl ACSSuT o/de] oA
WS et #5771 475:40.5%)7F = o=
ZAEIO BelE BT 20004 ofF HelFaA
FAA Aol W AW Aol tiet =AI7F e
Aew AzhET. B 2AS Fo) oleit PRE 7
YA ARl T TS EdS HAIEH ]

704
Aol oIFk AL ASATI HEAES B
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