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Correlation between the Salmonella seroprevalence on farms and
the isolation rate from slaughtered pigs and
antimicrobial resistance from the isolates
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Salmonella spp. are one of the most common bacteria that causes heavy losses in swine industry and
have implications for public health. In this study, the correlation between Salmonella seroprev-alence
on farms and the isolation rate from slaughtered pigs was analyzed and the antimicrobial resistance of
the isolated Salmonella spp. was investigated. A total of 3,001 serum samples for ELISA were collected
from 17 farms during two consecutive years (2012-2013). The mean values of ELISA OD% for each
8 age groups were as follows; gilt 27.83 (n=472), sow 23.75 (n=367), 150 days (d) of pig 16.53
(n=278), 130 d 11.87 (n=366), 100 d 9.46 (n=378), 20 d 9.17 (n=394), 70 d 6.56 (n=382), 40 d 3.72
(n=364). From July 2013 to January 2014, a total of 53 (8.0%) Salmonella strains were isolated from
665 slaughtered pigs shipped from those 17 farms. The mean values of ELISA OD% for each age
groups serum samples that were collected in the second half of 2013 showed a positive correlation at
100 d (0.61, P<0.05), 130 d (0.45, P<0.1) with the isolation rate of Salmonella spp. in the slaughtered
pigs. All the isolates were identified by a real-time PCR and tested for antimicrobial susceptibility. As
a result, the predominant serovar was S. Typhimurium (52.8%) and there were 15 strains showing their
own antimicrobial resistance pattern. All strains were susceptible to amoxicillin, cefepime, ciprofloxacin
and some of them were resistant to streptomycin and tetracycline (60%), ampicillin (53.3%), chlor-

amphenicol (33.3%), respectively.
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Ao 7k 22 2074 A 605744 % 665

NG grvtgzae 79 AgEAe AA

3} skl fAIH 1 mL
£ 9 mL9] Buffered Peptone Water (Difco, USA)o|| 4
ZBFaL 37°Cof| 4] 18~24A|7F ofju] ulekgt & 0.1 mL
9] wjoFS 10 mLe] Rappaport Vassiliadis broth
(Difco, USA)o|| & 7}5}0] 42°CollA] 20~24X|7F HjoF
3} oS XLD agar (Difco, USA)ol| =2&}o] 37°Cof| Al
18~24 A7k vjeFs}Glth. XLD agarol A o4& =
F= 122 Salmonella test kit (Oxoid, Australia)2 A}
golo] LU ANIT Py FRE FHUY
FEHAAHCEH AP G AARER,  2008)e] ket
Boilingt] © & DNAE &3t th2 Salmonella triplex
real-time PCR kit (Kogen, Korea)& A&} S. Enter-
itidis, S. Typhimurium % Salmonella spp.& 543}

=

OD (optical density)gt

) A2 10 Qroll At AHE-E]9l o™, OD
42 AlxAbe] wijwde] wet ELISA kit (Labor,
Germany)2 AR&3lo] ZHEA450 nm)E AT &
7+ MZ o] dj3t OD (optical density)%ZrS AAF 5+
ot AAF A= OD%gte] 10 olatd A9 34,
ool 20 W - 9]4l, 20 o] U AL oF

oz At
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wolg Aol ok A AA A4 2
A2 Clinical and Laboratory Standards Institute
(CLSI, 2014)2] 7]Eof whe} AAJshgi). Arde) of
= 4~57] F =2 Mueller-Hinton broth (Difco, USA)©]|
AZ3}lo] 35°Co| A 2~6A|7F HiQFA] 7] 3., McFarland
ger 057} HES 247 uaE UEe og
3}¢] Mueller-Hinton agar (Difco, USA)o]| Ho HE S
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= dispenser® HE3 & 35°Col| A 16~18A]7F vl SF
&, g3 =9 o gAY 2718 S5 A
Alell digt Wdt g oS BT AR
A ] A F=(0xoid, UK) ampicillin (AMP, 10 pg),
amoxicillin/clavulanic acid (AMC, 20/10 pg), cepha-
lothin (KF, 30 pg), cefepime (FEP, 30 ng), ceftiofur
(EFT, 30 pg), gentamicin (CN, 10 pg), neomycin (N,
30 pg), streptomycin (S, 10 pg), tetracycline (TE, 30
pg), ciprofloxacin (CIP, 5 pg), enrofloxacin (ENR, 5
ng), nalidixic acid (NA, 30 pg), trimethoprim/sulfame-
thoxazole (SXT, 1.25/23.75 pg), chloramphenicol (C, 30
hg) 5 145 gL A B4 AAe)
FHdFEE E coli ATCC 259225 AMgstgon, &
= solA ZEE 27 ol oA A &
ol FEY B Y it A AnE olg

201295E 2013W7FA] ZARE =20, 40, 70,
100, 130, 1502, TRE WE) 87 129°] ELISA B
o+ OD% Zrol thsl EAFE A (Ducan's Multiple Range
Testy= AAISHR O™, ¥H7] ©hel2 A A G
£} 2013 7ERE 2014 1€9714] =5 £
0] AEAS HAISHITE B4 AP SASE

# 2ol ¥ ¥3Y %

177 s7golA &3t =5E 66555 AR 24
T 117 53H64.7%), 535(8.0%)0)| 4] Armdlgtgtol
Y=ok BT S35 543 23 S Typhy-
murium©] 283%(52.8%), 7|E} A o] 255(47.2%)
2 YUElg o, S Enteritidis= &1 %] X] ¢FQFTH(Table
1.

ELISA

29 F2F 1770 ol R E 3,0018 9 A
gk ELISAE o] &3t 3A|HA A1} FAET 94
B AA Hat 47 24.1%%} 127%= YEsth F
I A FAHET SHES 247 43-40.6%2F 6.7
~18.8%2] ¥ E H ¢ Oow(Data not shown), U=HH
2L 2098 17.0%2} 10.9%, 4047 5.8%2} 6.0%, 70
A8 13.1%2} 4.2%, 10028 16.7%S} 12.4%, 1302
18.3%%} 13.1%, 15098 27.7%S}, 15.8%, THE
45.8%8} 15.3%, M= 44.4%2} 24.0%SITHFig. 1). =

Al

Table 1. Isolation rate and serotypes of Salmonella in mesenteric lymph node of slaughtered pigs on 17 farms

No. of samples

No. of Serotypes

Farm
Tested Positive S. Enteritidis S. Typhimurium The others
A 45 12 (26.7%) 12 (22.6%)
B 42
C 41 2 (4.9%) 1 (1.9%) 1(1.9%)
D 42 1 (2.4%) 1 (1.9%)
E 41 4(9.8%) 4 (7.5%)
F 41 1 (2.4%) 1 (1.9%)
G 40
H 40 11 (27.5) 2(3.8%) 9 (17.0%)
I 42 1 (2.4%) 1 (1.9%)
J 21 3 (14.3%) 3 (5.7%)
K 41
L 45 1(22%) 1 (1.9%)
M 60 8 (13.3%) 8 (15.1%)
N 20
O 21
P 42
Q 41 9 (22.0%) 3 (5.7%) 6 (11.3%)
Total 665 53 (8.0%) 0 (0.0%) 28 (52.8%) 25 (47.2%)
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Fig. 1. Seroprevalence of Salmonella on 17 farms and Duncan’s
Multiple Range Test (P <0.001) with OD% for each age group (2012

~2013).
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2 streptomycin

(60%), tetracycline (60%), ampicillin (53.3%), chlo-
ramphenicol (33.3%), gentamicin (26.7%), ceftiofur
(20%), neomycin (20%), nalidixic acid (20%), trimetho-
prim/sulfamethoxazole (13.3%) =22 LEFGTHTable
3). FAA WA HES F 17HAE WAool e +
& 0] 33(20.0%), ampicillin, tetracycline 24| WA & T}
ampicillin, neomycin, streptomycin, tetracycline, chlor-
amphenicol 54 WA o] ZFZF 25(13.3%)2 e
A, YA e 5 25 1714 221 E Itk Table 4).

2012 5E] 2013712 LFH OD%kel ot
APRA A 20208 9.17%% 40948 3.73°, 70Y
6.56™, 10093 9.46™, 13043 11.87°, 1502
1653, THE 23.75° m& 27833 Ljelytiy
Z 404 A 7H WP <0.001, Fig. 1).

E3h 20139 F4F A= A FAdET 20134 7
YR 20149 19714 =54  Eel&ate] A%
B4 Az, =% o 282 10083 0.61%%
130 o] 045*2 oFo] AT|IAE Ko, 130¢
e 70dof 0.70%*, 100 of 0.44* 1502
0.67%*= <fo] AITAE e THTable 5).

O o ol Ar

Table 2, The mean OD%* value of serum samples against Salmonella in different age group on 17 farms (2012 ~2013)

Farm

Age groups of pigs (No. of tested pig)

(No. of tested pig) 20 days 40 days 70 days 100 days ~ 130days 150 days Gilt Sow Total
(304) (364) (382) (378) (366) 278) 472) (367)

A(70) —0.29 —1.10 —0.02 4.92 2.71 0.01 7.74 5.02 2.54
B (181) 7.53 7.28 1.46 13.60 10.56 16.48 25.11 14.70 11.91
C(168) 8.28 3.96 0.34 3.40 4.65 3.29 20.71 22.76 9.61
D (251) 13.32 9.13 28.61 12.80 19.13 22.79 30.40 33.63 21.32
E (87) 2.57 391 14.98 11.86 20.63 13.64 29.08 24.05 16.21
F (40) 1.18 3.03 491 3.21 0.56 —1.36 36.12 38.51 10.77
G (178) 7.83 2.99 0.89 5.09 4.73 16.53 45.22 27.70 14.48
H(313) 6.62 3.08 17.42 12.82 25.02 41.70 31.28 24.09 22.16
1(120) 8.03 0.33 1.17 17.89 6.49 9.92 7.98 18.31 8.77
1(197) 3.83 5.97 —0.69 12.78 17.64 22.78 42.06 24.18 19.42
K (166) 3.14 —0.05 10.04 8.02 13.32 16.39 19.67 30.01 12.54
L (228) 31.60 6.25 —0.54 2.63 6.14 8.90 19.45 34.62 13.49
M (209) 4.61 2.40 2.47 11.81 4.39 5.94 11.37 21.57 8.34
N (117) 8.33 5.02 19.22 15.37 24.88 46.50 29.71 40.21 23.48
0O (178) 12.19 0.63 —0.08 2.03 2.35 3.04 3.53 15.44 5.01
P (235) 10.88 225 —0.48 7.65 16.12 4.71 52.73 28.50 12.47
Q(263) 9.76 2.74 11.14 13.53 9.31 19.22 10.85 11.48 10.78
Total (3,001) 9.17 3.73 6.56 9.46 11.87 16.53 27.83 23.75 13.94

*OD%=(ODsampLe—MV ODno/MV ODpc—MYV ODyc)x72.1.
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Table 3. Frequency of antimicrobial drugs resistance of 15 Salmonella isolates in mesenteric lymph node of slaughtered pigs on 17 farms

No. of isolates (%)

Antibiotics
Resistance Intermediate Susceptibility
Ampicillin 8(53.3) 7(46.7)
Amoxicillin/clavulanic acid 15 (100.0)
Cephalothin 4(26.7) 11 (73.3)
Cefepime 15 (100.0)
Ceftiofur 3(20.0) 9(60.0) 3(20.0)
Gentamicin 4(26.7) 11 (73.3)
Neomycin 3(20.0) 4(26.7) 8(53.3)
Streptomycin 9 (60.0) 4(26.7) 2(13.3)
Tetracycline 9 (60.0) 6 (40.0)
Ciprofloxacin 15 (100.0)
Enrofloxacin 3(20.0) 12 (80.0)
Nalidixic acid 3(20.0) 1(6.7) 11 (73.3)
Trimethoprim/Sulfamethoxazole 2(13.3) 13 (86.7)
Cloramphenicol 5(33.3) 10 (66.7)
Table 4. Antimicrobial drugs resistance patterns of 15 Salmonella 8800 =EEH o Andelt wjEde] 7t
isolates in mesenteric lymph no-de of slaughtered pigs on 17 farms s E3] =R ol 3515 e A|7kEol Atmy)
No. of antibiotics Resistance patterns No. (%) of isolates g 22 8]S9] F23] ZolX= Ao E HIlE o]
0 - 3(20.0) It Hurd 5, 2002; Larsen 5, 2003). o]¥H 31 H]
b 167 5 A71EY A o) S dYoR SAHUA
> e 205 Rk of 8%0] EEEOIA Awdeko] #ese] nt
3 AMP, S, TE 1(67) T =5 fsart dEdTe Ae ¢ A
4 AMRONSTE 167) on), WAe PsHe $euet SAEsE 1ol
D BN STENA s of AR BAHE ALA ol F o dH Sl
CN, S, TE, NA, C 1(6.7) 27F e AdE
6 AMP, EFT, CN, S, SXT, C 1(6.7) AR FUYoA Halw Adndzl dYge =
7 AMP, EFT, CN, S, TE, NA, SXT 1(6.7)

414011*1 =] —Lz falg~ Holk= Aoz Wiy uf
ATHKIm £, 1999; Lee =, 2003). o] 7oA 17
N 54 =E5E 66559 A7t Hof|A Ard
gt BES AlEsto] 117 %4 535(8.0%)0)l A A
mdlakto] BajEQict o] oA ZARE Choi
=(2008)2] 3.7%, Kim £(2011b)9] 2.5%K c} =k,
Lee £(2003)2] 13.5%X.r} wopc}y, mEo] A7t
R HHOkg o] Ardlelato] EIHEHTE A

o] Fa HEo| greol Helths AL ojnjshv,
ol 4E Q] 17 BRUE ole) B 587
Srero] Ek(Kim 5, 1999). T3 YAEAl gl 7
e BaHA7E 87 Wsht A ge AEd s

2 BI1EFY S Typhymuriumi} S. Derby’} IHtE
AAeke] 1gte] Hle cher W] Rxeh A
o7 HIyEI iJung 5, 2011; Kim -5, 2007;
Hah 3, 2011). ¥4F E3oA= A =59 &9
o4 S. Risseno| 7H -AgE A o= Hilwo] glo
u, 2"l 77 i AJAY S Typhimuriumat
= o7} YU TtHKim 5, 2011a; Kim 5, 2011b).
3t 9]=9] AL HaE Ardgl #+5 £ S Typhim-
urium®] H]-&L UE 32.5%, v|=t 22.6%, 53 40.0%
2 ZRIEo] A AALeR AP de) dishe 8%
e & 4 9dch(Futagawa 5, 2008; APHIS,
2009; EFSA, 2008). o] A ftofx= FFH AT
2 Z 93t S Enteritidis®} S. Typhimurium 5 7}A] &
Ao ot AL 4345t A3} S. Enteritidis= &<l
E R ko r}, S Ty-phimurium 2835(52.8%)7} &)
wo] TLgere) ) - 9f AT Aol niAIR S

Typhimuriumo] @A A7|= A F=Ao 714
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Table 5. Correlation analysis between the ELISA OD% values for serum samples collected in 2013 (2H) and the isolation rate of Salmonella in

mesenteric lymph node of slaughtered pigs

20d 40d 70d 100d 130d 150d Gilt Sow IR
204" 1 0.10 —0.28 —0.24 —0.36 —0.40 —0.37 0.17 0.08
40d 1 —0.09 —0.13 —0.15 —0.28 0.22 —0.13 —0.04
70d 1 0.40 0.70** 0.15 0.25 0.19 0.15
100d 1 0.44%* 0.28 —0.01 0.07 0.61%*
130d 1 0.67%* 0.34 0.34 0.45%
150d 1 0.27 0.45* 0.24
Gilt 1 —0.24 —0.01
Sow 1 0.08
IR 1
Tday, Hsolation rate, *P<0.1, **P<0.05.
o fWsks FREYS o 4 At 37.5%, HISE(120UH 0|4 37.5%, FHE 48%, &
T4 HAwiz] o] oA Al e A = 69.3%E o] F A=A THY W A E KAl o]
B9 FAe Bl HUH0R WEHE  F A% Z7hshe] SRED REA 1 B
Al=t8] eFol w9 A7] wfjZ 6%94 E’l Z7} v E2 UEHHAATKKIm 5, 2010). E3h 20059 =
gt old o|fE FHAT MM F=e And F= wHoA Akt FeES Bt 17.9%%A
o @ ASE sotsi) 99 ELISAS o8 ®3  onl 304, 602, 902, 102l A2 1761%
312 2AME 2883 QITHEESA, 2006). 9o of 16.98%, 15.72%, 2125%§ 12008 AgAom =
24 OFE ATl dlnfEo) A 199595 ELISA £ §9Eo] SHlEgirkKim 5, 2007). o]# ZAfo
g 7o S7h4el b W B4 TR B AE Kim 5Q010)9] AT A} nh R FRE
EgojHe] Awmde AEo] 1993W 35%olH 3 WE| Y o A PHBLS RLW, Ao

200041 0.7%7bA] ojHom, SO =50 7] Q1%
Abre] et 9l AL 1144704 16671 02
23k ckNielsen 5, 2001). o] X FERAT A
A AFFS sl 7S A Amdet e of
of Fgt A HUHRS AAsta glo), ¢
gutehs 37F 29 FE|7h o|FA AL YA L 9l
o, of| 71| 2] Armudlatel dijgt EAs)hH
T3 ujy|3 AA o]}

o ALY AL 1770 &4
atmdlel g4 ELISA 23 A A4
Ql HED FHEA 7MY ko, &
Ao 7}’% W2 A E Holdl o]& J
o OD%gE A AR
o} EsH Jﬂ%t ELISA OD%Zfe] l¥
Duncan's Multiple Range Test A3} 67](A~F) 7iﬂ

Hegoly, TRE(27.83Y), mE(23.75°%), 150
(16.53%), 13023(11.87"), 10023 (9.46™), 20
(9.17°%), 70248(6.56™), 4048 (3.73") Lo = UrEpy)
THP<0.001, Fig. 1). 2001 ~20041] =] oF=A}Fo] AF
Bt A FHES ERFAEQQ2YE 1]Th 23.7%,

o=
OlfFAb=(22~70U ")  16.7%, S/4=(71~1199%)
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3,001
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2

1

2 ot 1
=
Mo

o|N

rl

-

7}

R [y,
it

4
Fflmm
ol ot HU L X2 r

Korean J Vet Serv, 2014, Vol. 37, No. 4

A 4w 571k oA FA
Bt E3] 13098 ~1509 9] 34 FAE 27}
Fo| 7 AA 13048 HASE A A2
sk 4~ 1l o, Kim $(2007)2] Ao A= 1202
goll 7 =2 ARdet 2] EarExr glof
oro g Y oF=AFo] 12098 ~130¢ & 9 7 ola)
of that FrtRARRl A& A BYEFel Z2a
o Zog Helrh

Kim 5(2010)2 Az} &) Ade] & 2
o] HIthil kit A=Hol 62.8%= MY =
ko, ofgdoll= 17.9%= 7H¢ WZokth shA|ut o]
H Ao A= AEA ZpolE Holxl gFsrem 7|3k
W 3 OD%ZHS 20124 AHHE7] 10.29 (n=679), 2012
d slb7] 1155 (n=849), 2013 AMWbr] 14.44
(n=837), 2013 3}¥17] 20.36 (n=636)C. & 2|42 2]
Z7F =A1E Ho|x 9t} E5| e Eo| M =&
REJ SHES gAto R dwEd OD%EE Hdto| &
7kt 57h= 20129 HAF o] gl= 271 57HE, F)
= At 1570 57 5 971 57KB, G, H, J, K, L,

T3] oA = FAES

7(40
1__

M, N, P)2 3QlEtKTable 6). o] 2011 7L+ g
AHE A AR AW 2 eF 7195 TEol
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Table 6. The half-yearly mean OD% values for serum samples against sow and gilt on 17 farms (2012 ~2013)

Farm A B C D E F G H I J K L M N (6] P Q OD%
2012 (1H) 174 258 304 260 162 272 222 214 87 20.7 42 124 194
2012 (2H) 89 13.0 194 3l1.1 93 157 126 212 152 280 189 20.1 74 333 55 173
2013 (1H) 00 246 194 282 190 373 645 426 6.7 349 248 2211 159 573 01 285 04 251
2013 (2H) 285 273 41.1 413 41.7 362 20.1 548 404 356 20.0 258 213 1207 355 394
Average 45 209 230 327 30.1 373 354 277 167 37.0 256 268 159 344 124 467 134 253
Qe Aog Hojn, grogr )| oF=A oA AR =& AA= norfloxacine, ciprofloxacin, nitrofurantoin,
digh o= QI walj7t sojd o= o4tk ampicillin 5-°] glow, Wido] &= A= eryth-
uglA g 7t Aol x|&FHel A muE gt romycin, penicillin, tetracycline, lin- comycin 5-¢] H 11
A WAl E=dut e Hoh AS2Q] A o] A Hol QltkJung 5, 2011; Hah &, 2011; Kim -,
23ttt AyzkEch 2011). E3] tetracycline2 ol AFLAIE EZH5}19]

T Ardet 2Ye(ES0 A FEE =gk ofyzh meolA: THY w& WS
(FERTS HBEAZ B4 Sl5) AAbItte]  TRe% (@595 UeiE Aom muEm oot
A TR 013 S BAAA AT F Bl (APHIS, 2009). 201241 U} SALG A ol £
9 AAEAS AAISH A3} 10093 0.61%* 130 tetracycline 4| € 2] oxytetracycline®] ¢F 188E=° =2 7}
B 045*= FO] A7 YEELa(Table 5), 2013 & =2 HTE AAS R e H(FHSAAF, 2013),
W A ol7ie] FAEIE QRS HolA Uk ol 10d WA $AHL ot Agolch A v
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