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Characteristics of antimicrobial resistant Salmonella
Typhimurium isolates from chicken and pigs
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Fifty and forty two Salmonella enterica subspecies enterica serovar 52 Typhimurium (ST) strains were
isolated from chicken and pigs, respectively, collected from markets throughout Korea from 2008 to
2011. The isolates were investigated for the presence of antimicrobial resistance and multi-drug patterns.
All 50 ST isolates from chicken and 42 ST isolates from pigs were resistant to at least one of 13 anti-
biotics used in this study, 92.0% of ST isolates from chicken and 88.1% of ST isolates from pigs were
resistant to three or more antimicrobials. As many as 3 isolates of ST isolates from chicken were re-
sistant to 11 of 13 antimicrobials tested in this study. Only one isolate of ST isolates from pigs was
resistant to 10 of 13 antimicrobials. The ACSSuT resistance phenotype was observed in 34% of the
50 isolates and 23.8% of the 42 isolates. Especially, 1 isolate from pigs had the ACSSuTAu. The high
rate of antimicrobial-resist and multi-drug resistant (MDR) ST isolation may give rise to crucial public
health problems. Therefore, control of antimicrobial use, and continuous monitoring of antimicrobial re-
sistance and MDR patterns among Salmonella isolates in chicken and pig farms is necessary to ensure
public health.
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o] o] X th(Schwartz 5, 1999). Tl&o] 7hgolA 5=
2 B2 5= Salmonella enterica subspecies enterica se-
rovar Enteritidis (SE)2} ST+ =&l ofug} A A
AFoz Andet feff AS=at wste] 7 Hl
HobA| Jejsl= Ardlel 50| thOlsen 5, 2001;
Cheong &, 2007; Lee 5, 2007; Chu &, 2009; Kim
=, 2012). Abpdlglze H]E ojg oL} Ho]| A5}
o] = SAIA = AAAAH S0l Holr| = st

AHF F =2 self-limiting %} E A Tk (Lee 5,
2007; Ebers %, 2009). H] Alghol| A o] Al dla)=o)
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Ardigto] e dE oy Afaxo] AdF ol JsA]
T AAEAN F2 Andet 3HS Aol 7ha
S 0 s T)eh e Amdekie] odE AES
AFgro 24 7FH = w(Tauxe, 1991; Benenson %,
1995; Brands 5, 2005; Braden, 2006; Foley2} Lynne,
2008; Zhao %, 2008; Fashae 5, 2010), Gl &) 7y =
FEe] HFo| YA E FEEHE A= A
Q1tHTauxe, 1991; Benenson 5, 1995).
%1“’]‘% HR)ep A2 AdEEworelA A=
o F Ao Agd o aea AR 759
ZJ S3E sl 2 AREEIL Jlon, 7HEoA] 9]
FAAIS] ARSI ARl A welE WA AltellA
of A W+te] =8| BAl= F Rl AR
o|th(Martinez2} Baquero, 2002; Ahmed 5, 2009a,
2009b; Araque, 2009). Salmonella Typhimurium 2]+
T2 oy 7Y Al ds WA 7R QL
o, A WA Salmonella Typhimurium 2|43 =
gk o] H7bolA HiEal e Aeho|th(Gebreyes
@} Altier, 2002; Faldynova 5, 2003; Lim 5, 2006; Lee
@} Lee, 2007; Futagawa 5, 2008; Rayamajhi 5, 2008;
Hur 5, 2011a, 2011b). ©] TAl WA Salmonella Ty-
Heot5+ S 53] pntadrugresistance
[ampicillin, chloramphenicol, streptomycin, sulfonamides,
aga tetracycline (ACSSuT)] Salmonella
Typhimurium E22]dF= A AAZFHoZ Fa3st T4
Alo]th(Shahada %5, 2007; Graziani %, 2008; Yu 5,
2008; FDA, 2014). w2tA A8 7t53F 71 Aol A
o B Aol A9 ﬂ*ﬁxﬂ WA 2 oA WA
wtofl thet ByEES mf- Fasioh
7ha AbgollA A9 Oﬂ‘ﬂ*-% et AR AR
Ao AR 2011 7THRE FAE o] gtk(Yoo &,
2014; Lee 5, 2015). 3}A|9F chokat FAYA|I7E oI W3]
LH 7]_%1. ] o}:E A]—o%oﬂ/q X]E 1:_4 E;ﬁ og A]—
SE3L Qi webA] 2 At JHE S i =A
oA E2jE STof thgh A A 54 45t
of M2 A5E 3 xF02 4] §J8) 3= ]l

_L 0°" oZ: _

phimurium

Table 1. Polymerase chain reaction primers used in this study

Iz ¥ UE

Mol AlgE MR FF

= ol A 2008AFE 2011E7FA] HollA #e3t
50 ST oot Ao A Eefsh 42 ST w57} Ayl
ehte tharom sh A B4 AAE S8l A
S PAAE olgalo] A T4 AN Al
B3Ik o] H2RFEE AP 20E A% (BioMé-
rieux, Marcy 1’Etoile, France)} PCR o &2 Q1%
th. PCRO| ARG-E Zefo]H &2 Table 10f Al o
Uom PCR 2712 Hof| 7| dA+to] ot 4=3g s}
AtHAlvarez 5, 2004). & A £ #FE9 Ot
Serotyping-2 02} H 38X (BD)E AF&-5}¢] Standard
agglutination Tests® 43§ =] it}

o

d4H Z+d HAE

HE ST 2efut5=52] 484 =8 AAk= Clinical
and Laboratory Standards Institute (CLSI) M100-S22
guidelines (CLSI, 2012)°f| 4] A|A]3}+= Disk-agar meth-
odof whe} R E o, I A¥ EJF 24 = A
2 Aol AR A Z= Ampicillin (A, 10 pg),
Amoxicillin/clavulanic acid (Au, 30 pg), Cephalothin (Cf,
30 pg), Chloramphenicol (C, 30 pg), Gentamicin (Gm,
10 pg), Kanamycin (K, 30 pg), Nalidixic acid (Na, 30
pg), Piperacillin/tazobactam (Tzp, 100/10 pg), Streptomycin
(S, 300 pg), Sulfisoxazole (Su, 250 pg), Trimethoprinysul-
famethoxazole (T/S, 1.25/23.75 pg), Tetracycline (T, 30
ug), L2l Ticarcillin (Tic, 75 pg) (Becton, Dickinson
and Company)o] AR§-E|Sith. 2k Aol 37°CofA]
24X17F WHS A7 F CLSIOIA A4S 7]%0]
o A ol5e AFSIYCHCLSL 2012). A 7
4 ANE Y ERdgrRs
ATCC 259225 Al8-514th

Escherichia coli

Primer Nucleotide sequence (5'—3'") Product (bp) Accession number Reference number
OMPCF ATC GCT GAC TTA TGC AAT CG 204 EU015859.1 19
OMPCR CGG GTT GCG TTATAG GTC TG
TYPHF TTG TTC ACT TTT TAC CCC TGA A 401 AE006468.1 19
TYPHR CCC TGA CAG CCG TTA GAT ATT
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Antimicrobial resistance profiles

HolA &ejE 50 ST o+=¢t =HA|ollA] 22l 42
ST w5 o= 13709 Aol el #4Ad
ArE F3ste] 2 A= Table 204 K= vfeh
2okt

%, HollA &g 50 52k A4 EejE 42
w5 B o] AR AREE Hojk slte] gRAgA o
LH*&‘T% 7]'X]J— M?J\-h:]— :lﬂ-'— E1°ﬂk1 Eﬂllﬂ 50 ++
2 0%, 74% 18|11 68%2] EE]F7} Su, S g
I NaoflA] Z+z yiido] TRE I BEo] 56%2]
250l Al Gmat Kof| 22y Wido] #akE|Qleh T}
AETZE ZF7) 54%9} 50%9] He]FEol 4] Ado] HEE]

, °] &olli= C&} Tic Z12]al Tzpet 22 A
Aol o3| w2 Widgol HEE QT v, HX]
of| A BaH 42FF 3 952%, 90.5% 12|11 88.1%2)
22578 Zk2F T, S 18)al Suoll WA R #EES)
t}. 3}t A, Tzp, Tic 18|31 Cof| o] A3] =2 YA
WiadEe] TE T Beld 42 o 25 Audl 2F

Table 2. Antimicrobial resistance of 50 Salmonella Typhimurium
isolates from chlecken and 42 S. Typhimurium isolates from pigs

Species
Antimicrobial Chiken Pig
(n=50) (n=42)

Aminoglycosides

Gentamycin 28

Kanamycin 28 3

Streptomycin 37 38
Penicillins

Ampicillin 25 17

Ticarcillin 22 13

Piperacillin-Tazobactam 19 14
Cephems

Cephalothin 14 2
Folate pathway inhibitors

Sulphafurazole 46 37

Sulphamethoxazole-Trimethoprim 2 2
Phenicols

Chloramphenical 23 12
Quinolones

Nalidixic Acid 34 3
Tetracyclines

Tetracycline 27 40
[B-lactamy/B-lactamase inhibitor combinations

Amoxycillin-Clavulanic Acid 0 4

222S B ITHTable 2).
oA e 5095 7H-t 92%0] S Sh= 46

7]-;<] o]xl—g t‘ﬂ-Aﬂxﬂoﬂ LH/H_O_ on4 1
Aol AFgE 13 A & 7 11
o Bk B9 6@ L 2 10719] P4
% ‘iil‘% »‘%31 13F-2] Al Hisf 50

Z91 6 %LZ: E}Q] 32 (SuGmK)
OM LH**O] éEJO*u} 8|3 17439 4] ACSSuT
of tha WAdo] = ULh tEo] mE ACSSuT U
d #FES Ticol= WAool = S cKTable 3).

Table 3. Profile of antimicrobial resistance in 50 Salmonella
Typhimurium isolates from chicken

Resistance
. Number (and%
Animal  Type Pattern of isolates( (n=53)

Chiken 1 ACSSuTNaGmKTicTzpCf 3(6.0)
2 ACSSuTNaTicTzpCfT/s 1(2.0)
3 ACSSuTNaGmKTicCf 4(8.0)
4 ASSuTNaGmKTicTzpCf 1(2.0)
5 ACSSuTNaGmKTic 3(6.0)
6 ACSSuTNaKTicTzp 1(2.0)
7 ACSSuTNaTicCfT/S 1(2.0)
8 ASSuTNaGmKTicCf 1(2.0)
9 ACSSuTNaGmTic 1(2.0)
10 ACSSuTNaTicTzp 1(2.0)
11 ACSSuTNaTicCf 1(2.0)
12 ACSSuTTicTzpCf 1(2.0)
13 ACSSuNaGmK 1(2.0)
14 ACSSuNaGmTzp 1(2.0)
15 ACSSuNaTicTzp 1(2.0)
16 ASSuTNaKTic 1(2.0)
17 CSSuTNaTicTzp 1(2.0)
18 ACSSuNaGm 1(2.0)
19 ASuTGmKTzp 1(2.0)
20 CSSuTNaK 1(2.0)
21 CSSuTNa 1(2.0)
22 CSuNaTzpCf 1(2.0)
23 SSuTNa 1(2.0)
24 SSuNaTzp 1(2.0)
25 SSuGmK 2 (4.0)
26 STGmK 2(4.0)
27 SuNaGmK 1(2.0)
28 SuGmKTzp 1(2.0)
29 SSuNa 1(2.0)
30 SSuTzp 1(2.0)
31 STNa 1(2.0)

32 SuGmK 6(12.0)
33 SuNa 2 (4.0)
34 S 1(2.0)
35 Su 1(2.0)
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Table 4. Profile of antimicrobial resistance in 42 Salmonella
Typhimurium isolates from pigs

Resistance
. Number (and%)
Animal - Type Pattern of isolates (n=42)

Pig 1 ASSuTTzpTicGmAuCST/S 124
2 ACSSuTTzpTicGmK 2(4.8)
3 ACSSuTTzpTicGmNa 12.4)
4 ASSuTTzpTicGmAuT/S 12.4)
5 ACSSuTTzpTicGm 1(2.4)
6 ACSSuTTzpTicK 1(24)
7 ACSSuTTzpTicNa 12.4)
8 ACSSuTTzpTicAu 12.4)
9 ASSuTTzpTicAuCf 124
10 ACSSuTTzpTic 3(7.1)
11 ASSuTTzp 1(24)
12 ASSuT 2 (4.8)
13 CSSuT 2 (4.8)

14 SSuT 19 (45.2)
15 ST 1(24)
16 A 12.4)
17 T 2(4.8)
18 Na 1(24)

EFE sAlolA R 42 5 T 88.1%¢] st
© 37 dFollA 370 ol Al e Bl
o, @2 stte] ol A FE 10702 YA
3 /ol BN, 13709 A sl 18 Ef
Aol A g sdo] wEESG e, olF M
e A7 A siEs 2 212 ERY) 14 (SSuT)
itk 22]al 10708] qtF=ofl A ACSSuTol| WS B
glom 53] o] 10 5= FolA 3 5= ACSSuTAu
of W/gdol ¥a= Ik HLo] ®E ACSSuT WA
FE2 Tzpe Ticol = H4do] BE= Qlth(Table 4).

TET

"

Non-typhoid Salmonella®l] 23t 4552 A Al A4
o7 gFusH 2o BAS okl s}
t} u]=2] The Food-borne Diseases Active Surveillance
Network of the United States Centers for Disease Control
and Preventiono||A] H13l= A2E 0l = An
deto] ojg A5 sjulth BAshs 455 3
R TR

thCDC, 2014; FDA, 2014). £3] SE9} ST Akt
A wAEE Adet 455 207 5 71 ol
2eE e e ® delA Urk(Chung 5, 2003;
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Kimura 5, 2004; Braden, 2006; Cheong 5, 2007). 2]

£ 53 S AR 2eln HAsh 2 4B A
oA AmdEEe dosle s 2 Aol

= ol9} o] 2.9 AAL A7 S8 2011 1

By 7 GRS AN ZHRES o] 1L B
Amdet AFEe] WAS FoluA sty gt
Aol Ek(Kim 5, 2012). SHAIRE o] 73] Awets
B8 AFHS Fol
ST
]_

2] Z
™

= -7 0]

= - 0}O
=-1- T ww

o] L=

N
A&zst7l= AA
& o9 golct. A 107 ohA| W
4 STO] &He We FlofA B i1 rkChen 5,
2004; Shahada 5, 2007; Graziani 5, 2008; Hur -5,
2011a). spARE oAl WA SEQ] Hie =&

(Chu &, 2009; Dogru -5, 2009; FDA, 2014; Kuang 5,
2015). 1 A9E | WA F2 == SE Foll=
w2 WA A oAl WA SE &3-S Earskal §lok
(Kim %, 2012; Hur 5, 2011a, 2011b). w-2}4] SE7|
T2 oA EEE7] gl o] AtollA Hat =
oA EeH H= ST #5785 o= oA +
2 ARG 9l 13779 Aol gt WA sidE
AR A2 9on] Sle Atetal AztEe] AdS
Fysto] 2 Aat, g HRoA EEE 2E ST o
F= o] Ao A AFEE 13712 A o sl 2 o]

i

= shtel FAAe] WL T Ut FEe
B 22 golA e Frek Bl A wele

©

W A o2 SR Al WAl 7
Shehs dolth. 53] Hollq HelE 23k suk
90% o]4Fo] Fel A

o
2

WS EH 1 o3 S, Na,
Gm, K, T 123l A9} -2 gAgAof sl <F 50%
ojlAre] wE7F WAL HQl b, Hx|oA EelH
wF= TeE S 18]l Sud oF 90% A=e] #57F W
A4S Holil o2 FAA O] thsllA= 40%0]ste] +F
Foll A FAA WS Bk ol HAAE AFR
o] H7HAIY A A =7E Yol 5T DA FAA
The F2 AR A9 AHES Eolal 9l
A, HolAe ofd= EX E 7HA] FAA7F ofd

Hk
2
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At
I Y= Au

SR EEL
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sl Aolet Azt Ty s
FEAR A4S 2 AAS St AlR
A= Abmel H7behs Aol A AL, L=2A]
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A REE ot BEolA wig- Be A2 Aol
W2E Qe E3F T/S (Sulphamethoxazole/Trimethoprim)
of thgt 95% =2 AletEol ArAde Btk v
| ol A ele 50 det FAlo|x HelE @
oF 90%7} 371 o]/e] Aol WS Eitk &

oA BejE 373 13719 A F 11719
HIAlO] e meon, SRl BelE o 25
107) Aol o] TaEIAT. A A
of dig MES ww Sol A HalEl FFE 35 £l
C’i il AN EEE 42 #5718 B
2 WEESRY ol T 34%04 A AAZCRE
T2 A ohAl g siEel ACSSuTell W/J(FDA,
2014y Hlow, Hxoi HeH +F 5 °F 24%
oA ACSSuT thA| Wid<to] #ztE it o] Aib=
ACSSuTof| o)t oAl WA Salmonella Typhimurium-2
ol de] FzEo] Q&S HojFa ok S|z
+ A& ACSSuTol| W< HQl EedTE2 25
Tzpot Ticoll = W/do] TEEUTE o= vl= 9 f
HI wel Ty A Sl A ACSSuTS} o2
of ol % 7S A T AHgol Srhekn
U BT dipolw, sfo A= ACSSuT$} T
o] o] = Ao tit ALA QN BUE o] o
sfeh ol ol sk el A A
o4 9178] EAlstolor o Wao] gloul, A4
ol A WA =AML Bagks Hola Qlrk

o

=2 FIF 001’ &1‘ O{N

l

2 =

= E3 Hx|o)| A EE|st Salmonella Typhimurium
o g2 1359 FAAE ol&ste] A WA
ARtk Srel A elE 50 #eh HAolA
pelg 27 % o] o] AHEH Holx sitel
FAA ] WS 7HAI AL lSleh 1e]ar HollA &e
H 50 5 5, dir 70% o]/de] &elatol Al Sulfi-
soxazole, Streptomycin 12|11 Nalodixic acido]] Z}Z}
H/do] et HhH, =jxjo|A EeE 4244
2 dir 90% ©)Are] B a]Fol|A] Tetyracycline, Strepto-
mycin 12|37 Sulfisoxazoleo]] Z+z} UjAdo] A=A
o golA BelE @3 3 92%el BTl 371
olao] FAA ] WAL HAow 1% 3dFE °]
Aol AFEE 13 A 5 T 1150 WS B
o, 35 Bt 9] YA WA sige] TaE o,
174320 4 ACSSuTol| tijsl /g o] ¥2t= ich =4

T o flo

F

< 88.1%0l 4 374 ole] Y
Aol 4 o, @A shute] dtolA
1071 2] YAl dis Wdol Ha= AL, 13749 &
A sl 18 ERQl o] FAA Wi sfeo] TEE
o, 1079] oA ACSSuTo| WS H3er
E3] o] 10 #5F Fo|A gt #5F+= ACSSuTAuo| 14-]
Aol T QUL gRo] E ACSSuT WA «+F
& Tzp$t Tico &= /o] W= At

ool dite =l "I HA E2 ThSolA Ak
A2t gt YA WAEl A S7tskaL e &

oA Reld 42 35
g nge

A 9] AL-S 3131_ A5 EA o & " Alo] 9l
& AN i Ake gzhEh weh hEe)A
o} A WA 547} A& 0 R poEofof o=
2Felstalr.
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