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Abstract

Salmonella infections cause the disease in pigs but also some zoonotic Salmonella sero-
types can be transmitted to human through swine products, resulting in food poisoning.
The objective of this study was to investigate the bacteriological prevalence and detec-
tion of /nvA gene using Salmonella specific polymerase chain reaction (PCR), the epidemio-
logical characteristics related to Salmonella strains cultured from pig samples in Gang-
won areas using serotyping, random amplified polymorphic DNA (RAPD) and pulsed-
field gel electrophoresis(PFGE) methods. During the period of November 2001 through
April 2002, 1,174 ileocecal lymph node were collected from the slaughtered pigs
raised in 38 farms located in Gangwon province. The samples were submerged in boiling
water and macerated in saline and lymph node homogenates were inoculated into Tetra-
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thionate broth with iodine (TTB, Difco, 0.5% iodine was added) for enrichment growth.
Then additional tests were performed using several mediums, and suspects were
identified by API 20E kit (BioM{rieux) and PCR. Of total 1,174 samples from 38

farms, 44 (3.7%) were isolated as

Salmonella spp from 13 farms (34.2%). Of 44

isolates, 31 were in Yangyang region, followed by 9 in Goseong, 2 in both Gangneung
and Sokcho. However, there was no difference in regional isolation frequency. All
isolates have a 521bp amplified product in Salmonella specific PCR with primer invA

which encodes in proteins for invasion of epithelial cells.

Of 44 recovered serotypes,

23 (52.3%) were S Eingedi, 10 (22.7%) S Schwarzengrund, 9 (20.5%) S Typhimurium,
and 2 (4.5%) S Mbandaka. In RAPD analysis, there appeared to be unique bands distin-
guishing each serotype, although similarities exist between the different serotypes.
Four serotypes of 44 Salmonella isolates appeared to fall into 14 different RAPD
types. In PFGE analysis, 9 S Typhimurium were tested with Xbal enzyme and Spel
enzyme., The combination of results obtained with two enzymes subdivided the 9 S

Typhimurium into 4 PFGE types.

Key words: Salmonella, Prevalence, Serotyping, RAPD, PFGE
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serotyping, phage typing ¥ plasmid pro-
filing ol ot AL somatic F= cell
wall (O) antigen 3} flagella (H) antigen®)
ool whel Kauffman-White serological
scheme®] 98] HA7tA ok 2.500F0] ®H1
H e O-antigen? dAFF] wet A, B,
C, D59 groupe®@ T2}, Plasmid
typing S Typhimurium DT104%5¢ 249
W FEALOY gzl 8YY el 4
TOo 7 A8 AL 7}53 molecular typing
WHjo] ATAEAA B B Yato] Hx
QO restriction fragment length poly-
morphism(RFLP), ribotyping, pulsed-field gel
electrophoresis (PFGE), random amplified poly-
morphic DNA (RAPD) %o] Qlth?®,
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ot} WEoRE AHAo] B Wil uld
g, 22" 79 DNA polymorphism<
AE & 5 Qe A primerd #olof s}

Z 5 olth. 2% B3kl universal
rice primer (URP primer)¥ B|ZA &
annealing temperature® PCRES 4AAdt1
AL 49 primer YO RT FERHo =&
A7E dg F Ava RaH g,

PFGE® macrorestriction A4 =
s, AME-3l= enzyme template DNA
o4 6~8 base sequences® 2145}o] 10~
800kb productsE& °F 5~207} band® YEF
itk Band® 47} Ao template DNAZ]
S €44 & F o dHeE DNA
fragmentZ} 25kb ©]3 07 A7|YEA A7)
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3ge] 4 #43tE ¥xHo] Zol= 50
m{ tubeoll WA Tetrathionate broth
(TTB, Difco, 0.5% iodined7bE 15m3
7heta 42CelA 48417 wikalgth 1 &
2& AMZ JAHEFL Brilliant green agar
(BGA, Difco) ¢} Salmonella- Shigella agar
(SSA, Difco)oll FAlel HE3laL 37T oA
24A17F wieFslitE. BGAOIAN He& Mol
SSAelA EFHe Andalid ga yeEks
Urea agar(Difco)dll HE3dl1 37TolA 24
AlZE wjeFstd ek Urea 3 49 ke
Rambach agar(CHROMagar)©ol #H&£st1
37TCoA 24217F wioketqct, Ardatg o
2 HEHE F&4 A d& FFHo=r
API kit (BioMeérieux) = 74/\}?3]-31 Axde)
wo 7 FANAL. ©o] 5L Luria-Bertain
(LB, Difco) agarel 24/\]71- wjerste] 12.5%
glycerole] % Nutrient broth (Difco) &
Tt thg —70Co B#at9 3, LB agarel

Aste] 4Ce] BH@stAA A3
Serotyping

Salmonella- 0%} H antisera(Difco) & o]
&3t FH-GANZE HASRTE. FAEE
FA (0 antigen)? T TFuA A o
2 7R colonyE AFASe] FH-SHRES
2 A, a8z AR Y (H antigen)
o A AEH AEH (Tube—test) &2
WA Phase | &9& AAS, Craigie tube

methodE ©]&3}¢] Phase- changings 3}
Phase 11 3¢ ZHAFE 31909 o] Wie] ¢

3] Phase II 3¢90 5% FF+ Phase I
P FEHES o]&dt] AFH APHORE
AT AAF & HFAQ serotyping
Kauffmann- White scheme®| w&} &390
q_Q)‘

Chromosomal DNAS| #=H|

Py aAndelFe  Selenite cysteine
broth(SC, Difco)Z 37TCeollA 247+ wj<k
¥} 1.5m¢ SC broth¥ micro-centrifuge
tubed)] 7|1 A&A 12,000xXgE 287
A& }‘ﬁ‘jr AT HE A AL G- spine
TM genomic DNA extraction kit (iNt-
RoN Biotechnology) & ©o]&3}o] oA
chromosomal DNAE FEstgc. &3
DNAE A9 A 7k —20Cel| 2#stdA
Ao A3

Salmonella—specific PCR

Salmonella specific PCRY A% primer
T S Typhimuriumol|A FHE mvA gene
& A& 5 9+ primerE AMEEHFDY.
B7IMEL 5'-ACA GTG CTC GTT TAC
GAC CTG AAT—S',B'—AGA CGA CTG
GTA CTG ATC GAT AAT-3'94
Bioneer KoreaA}ollx] =#|%sto] AME-3}9it).
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PCR mixture®] #+4-2 10XPCR buffer (Pro-
mega), 1.5mM MgCl;, 0.2mM dNTPs,
20pM primer pairs, 1U Taq DNA poly-
merase Promega), 5u£2] template DNA o]
32 FHTE HIst] HF=o] 50u7t HA
35t $EL thermal cycler (PTC-100, MJ
Research) & o] &3] AAEHT. PCR
cycle® 94TColA 5%7F denaturation?] 71
H o2 ¥R 94TelA 183 denatu-
ration, 56 C°A 30% annealing, 72T oA
2%t polymerizations 353] wh&st & o}
Auro g 72CHA 587F polymerizations
AASFRATE PCR AHES 0.5u8/m 9 ethidium
bromide7} 34 % Tris-borate-EDTA (TBE)
2 @Mstal agarose oA 100VE 247
A719%3ta UV trans-iluminator (Seou-
Lin Bio-Science)& ©]43t% bandE oz
,3]_%‘—4_21)‘

RAPD

RAPD PCR< URP-6 primer (Seolin
Scientific) & ©|&#3} Salmonella sub-
species7te] DNAZE fingerprintdQitt, o]
primere #2 A¥Ad3 DNA polymor-
phism® FEAE& BAFYUHY PCR HH¢
2 3.044 1XPCR buffer, 50mM KClI,
2mM  MgCly, 200uM dNTPs, 20pM
primer, 2.5unit® Taq plus polymerase
(Bionics) & 2.0ng? genomic DNAE tem-
plate® ARg3to] HFFo] 30u7t A 34
o5& 2 thermal cycler(PTC-100)E o]&
st AAIEI T RAPD PCR cycle® 94C
o| A 4% denaturationA]Z] ¥ 94CoA 1%
Zt denaturation, 55Co|A 1%#7} annealing,
72CA 283t polymerizationg 353 wHE
gt & eiXg o R 72T 7EZF polymeri-
zationg AAETH PCR AFES 0.5ug/mi
ethidium bromideZt 3A4®  Tris- M1
agarose®lA 100VE 2A)7F Z<F ANYEL &)
al UV transiluminator (Seoulin Bioscience)

rl
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£ o]-£&}9 bandE #EY
PFGE

Agarose plug® FH|E 3] v|= Center for
Disease Control(CDC) A A}E-3l+ pulse
net system AW OF A FYFO A
2dlgpats LB iAol FEeh & 18~244]
7 dwjeksly B 1.5mle cell suspen-
sion buffer(100 mM Tris, 100 mM EDTA
pH 7.5)°d #& Y9 colorimeter(BioMe
rieux) & AHES 20%9 FHLEE dHs
9t I % proteinase K(20mg/m) 10E
ol & A o dENHL proteinase K7}
o9& tubeol 1.2% agarose (Seakem Gold
agarose) & Al ¥, plug mold(Bio-Rad)
off Wi 4CoA 583 239 &L plugs:
AW el ES buffer (0.5 M EDTA, pH 9.0 ;
1 % sodium-lauroyl-sarcosine) 1.5m{$¢} 20
mg/mf proteinase K 40uf (20mg/mé) 7} B3]
2 md microcentrifuge tube®] 7] 55T
Ne q2FFoA 45E~1A7F A#E 3
plugE WZ7F 3EA¥E screen caps (Bio-
Rad) el 2 AAEE Y3 55C & F2¢
ZolA plugE AR, o] o 55T=E A
2] dY P FHFE 1584 18], 55T
Z 9% plug wash TE buffer(10 mM
Tris, 1 mM EDTA pH 7.5)% Yo 30%
&t 43 MHEo AH 9 pluge TE
buffer 1.5 m¢ ol %A 4CelA B3t
4Co| HAE plugE razer bladeE ARE3H
o 1mm FAZ AE T 1m FA9 plug @
Hol &%+ 1.5 ml
tubee] AdELE AFq, ASEA (Xbal
T+ Spel, Promega), bovine serum
albumin (BSA)& ¥ 37TCelA 3AI7HESH
Atk AHErt 485" tuber WM AS
AAst, TE buffer 500 A7} skt
PFGE ¥4& ¢8ix4 S Typhimurium® DNA
A719 %2 contour clamped homogeneous
field (CHEF) DRII electrophoresis system

microcentrifuge
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(Bio-Rad) ®2l& AMgstgiod, 43
#go] ¢EH plugE 0.5X TBE buffer®
A Z3 1% agarose gelol AAsa vz
Rl T2 9A] FYd 1.0 % agarose gel
24 dEsiit. AV9Es x7HeE 05X
TBE bufferg AME3}929, bufferd €5+=
14C=2 FA39 3, 6V/emol|lA pulse time
2% 40x9 HMA=Z 2P 16A3HF
¢ A9 ES AP Y. Size maker2E

PFGE$ lamda DNA ladder marker (Bio-
Rad) & AHE3lY A719%5& HAAEAT A
719% &5 ¥ geld 0.5pg/ml ethidium
bromide @A &R Yol 3083 ENE& o
I @Ao] gUYH FTHTE olEdt 30%F
o), 234 gAg AAFI UV FXE o]
£3o] DNA bandE® FQldtn EZEo|=
AR #9 & 39T PFGEY pattern ¥4
& 7)Ee] Bu" o g A0,

Table 1. Numbers of farms and samples which Salmonella were isclated from iliocecal

lymph nodes of finishing pigs

No of farms No of pigs
Area
Tested Isolated (%) Tested Isolated (%)

Yangyang 20 6 (30.0) 831 31 (3.7)
Goseong 13 4 (30.7) 176 9 (5.1
Sockcho 3 2 (66.7) 51 2 (3.9)
Gangneung 2 1 (50.0) 116 2 (1.7)
Total 38 13 (34.2) 1,174 44 (3.7)

Table 2. Prevalence and distribution of Sa/monelia serotyping in positive farms

Farm No of samples Serotypes
Tested Positive S Eingedi S Scharzengrund S Typhimurium S Mbandaka
F1 33 4 4
F2 50 16 16
F3 73 1 1
F4 60 2 1 1
F5 30 1 1
F6 80 7 5 2
F7 58 1 1
F8 5 1
F9 21 4 4
F10 50 3 3
F11 6 1 1
F12 30 1 1
F13 27 2 1 1
Total 523 44 23 (62.3%) 10 (22.7%) 9 (20.5%) 2 (4.5%)
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Prevalence and serotyping

3870 FRAA AMSEHO =&Y &3t
A 1,174%F AAEAF 137 53(34.2%)
445F (3.7%) 9] HA A Amdelgo] R
HAJqH(Table 1). AgHo 2 22X 2%
A 1165F HANA 153 257}, $%A 3
% 51F FHAIA 2% 257 1A
1358 1765 AAAA 4578 957}, ko
T 2057 831F HAMIAM 6% 31504
drdeto] ey Andalio] Eg
13/ % F 107 53 77%) 2 1749
Y 2HUT 3 5F(23%) QA=
2718 @3 Fo] walHAth 4449 Arda}
ol dist d3¥S B35 43 S EingediZh
235(52.3%) S Schwarzengrund”} 105(22.7

o? Ml

M1 5 10 15 20 M
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Fig 1. RAPD fingerprint of different Salmonella
serogroup B with URP—6 primer.

Lanes M, 100bp DNA maker ; 1-10, S Sch-
warzengrund isolates ; 11 -19, S Typhimu-
rium isolates; 20, S Typhimurium (ATCC
14028); 21, S Choleraesuis (ATCC13312); 22,
Escherichia coli (KTCC13076), The markers
in the left and right indicate the size of bands.

Serogroup Bl £38}= S Schwarzengrund,
S Typhimurium< 2,000bp =7]12] band”}
+EA0E HAEHYH (Figl). Serogroup C
o 4%+ S Eingedi, S Mbanaka: 400bp
3719] band’} FEZoZ2 AEHJY (Fig 2).
2359 S Eingedi¥= 3709 t& RAPD type

%) S Typhimurium®] 95(20.5%) S Mban-
daka 25(4.5%) 7} w2 H Utk (Table 2).

Salmonella specific PCR

T, A U2 2 4 dE2EE U
Ao =2 invA genes HEZ 4 QT primer
& o]£3t%) Salmonella—specific PCRS 4
MBSt 44709 ARdet £S5 R
ol 2% 521bp DNA fragment FZA+
o] #AE o AP TAGlOl B
T invA genes AU Uv AL
H Ao (A A ).

2ot AxdgS URP-6 primerE o]
&3te] RAPD®EAE A 717t serotype
M2 Bolst bandZb YT TF HME FA
g band® AL 4 HEFS BF
650bp #7]19] band’} 3EHCE HEHAUL

FN

Ir

v}

N BN

150000~ |4

PEA LRI I 1 LT TR 1§ ¥ 1) "5"

600bp— <—600bp

Fig 2. RAPD fingerprints of different Salmonelia
serogroup C with URP—6 primer.

Lanes M, 100bp DNA size maker; 1-23, S
Eingedi isolates; 24 - 25, S Mbanaka isolates;
26, S Tyhimurium (ATCC14028); 27, S
Cholerasuis(ATCC13312), The markers in
the left and right indicate the size of bands.

o7 FREAoH 4904 8719 band’} 95
9] S Typhimurium2 7%%F° & RAPD
Hqog FREP, 7~8709 band’t EA)3}
ATt 2539 S Mbandakat: FU3 &r}9
RAPDE o2 FEHAOH oF 9719 band”}
EA) 35T
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( a) Dendrogram with Hamology Coefficient %:1.0 { UPGMA )

100%90% 80% 70% 6O0% b50% 40% 30% 20% 10% 0%
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S Typhimurium otH—

(b) Dendrogranm with Homology Coefficient %:1.0°/( UPGMA}
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Fig 3. Phylogenetic tree
of Salmonella serogroup
B(@) and serogroup C(b)
with URP—6 primer.

Clustering was done
with the unweighted
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pair group arithmetic
averages (UPGA) algori-

thm and confirmed by

bootstrap analysis.

URP-6 primerE ©|£3F9] ¥o|x DNA
fingerprint 2 %E] unweighted pair group arith-
metic averages (UPGMA) program< ©]&3}
o] clustering® AA3IT. FAE dendro-
gram< bootstrap B4 C.Z AHAE Fst49
o} (Fig 3). =g ¥oj&x RAPD typed sero-
tying® v|wald (Table 3) 3 EFoA E
H T4 H¥EY AHE 3uA 4719 RAPD
typelE FHHE ZA0E FAFH T

RAPD

RAPD XA A3t PCR primerd] A¥

A4 FEH w§ T AdA
3 RAPD 4% 23] AAsgon 2
TAAH(7L »F FASHA vERE

S TyphimuriumOfl Ci 3t PFGEEA

oAzl A7E T3 =HA A AFZA A
Jdd s 4#A serotypings e A S
Typhimurium®] th3}e] PFGEE A A|5F%5 ).
B AFolM F4E % 9719 S Typhimurium
of thdte] Xbal AaA9d Spel A|dtai
22 A A3}, Xpal AFEAE 48~
600 kbpe] WA 13~1470%] bandE



EZEToM 228 Mdzdalel gHY 3 MY

48t AL 47k 9] pattern®® FEE £ 9)
Roem (Fig 4), Spel AFEAE 48~485
kbpe WM Xpal AFEAE HEPS
HEG & 18~1971¢] bandE FAsFoH
3749 patterne @ FEIT £+ 9ldtt (Fig
5). Y3 PFGE #43lo|lA Xbalel Spel
Bt o & 9 patterns Rk Xpal
Spel 2749 Agdairz st dHS F3tst
H 959 S Typhimurium< 47}¢] PFGE
type2 2 &8 5 QIlth (Table 4).

PFGE type ol 453 elA Hel® 4,
PRGE type o] 1¥AolAd X4 1F,

PFGE type IIlo] 1% elN EgEH 17,
PFEGE type IVl 1&#olA Eel® 359
th PFEGE type 12 ZAZA], &xA, oA
37 KA FEAoT AEHUI PFGE
type II, III, IV ¥t 170 A GeAqt A
Z499t. Fl w44 Fyd 459 S
Typhimurium& PFGE type UI#} IV %
typel.® TR AT}

J

o

Table 3. RAPD types of Salmonella isolates from different areas

Farm NO. .Of Serotypes RAPD Area
positive type
F1 4 S Typhimurium 5, 8,9 Yangyang
F2 16 S Eingedi 11, 12, 13 Yangyang
F3 1 S Schwarzengrund 1 Yangyang
F4 2 S Eingedi, .S Typhimurium 13, 4 Yangyang
F5 1 S Schwarzengrund 1 Yangyang
F6 7 S Schwarzengrund, S Mbandaka 1, 14 Yangyang
F7 1 S Typhimurium 7 Goseong
F8 1 S Typhimurium 7 Goseong
F9 4 S Eingedi 11 Goseong
F10 3 S Schwarzengrund 1, 2, 3 Goseong
F11 1 S Eingedi 11 Sockcho
Fi2 1 S Typhimurium 10 Sockcho
F13 2 S Bingedi, S Typhimurium 11, 6 Gangneung
Table 4. PFGE types of S Typhimurium isolated from different areas
Lane No XESIGE Pattzrljld P;I;gf Islo\Ilgte Farm Area
1 Xa Sa 1 36 F3 Goseong
2 Xa Sa 1 37 F7 Goseong
3 Xb Sa?2 11 12 F4 Yangyang
4 Xa2 Sa 111 27 F1 Yangyang
5 Xal Sal v 28 Fl1 Yangyang
6 Xal Sal v 29 Fl1 Yangyang
7 Xal Sal v 30 Fl Yangyang
8 Xa Sa I 32 F12 Sockcho
9 Xa Sa I 34 F13 (Gangneung
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(a) Sample No 36 37 25 27 28 29 30 32 34
PFGE pattern M Xa Xa Xb Xa2XalXal Xal Xa Xa M
Lane 1 2 3 4 56 7 8 9

-
485kbp ‘ . e
398kbp
291kbp

97kbp
48.5kbp

(b) Sample No 36 37 25 27 2829 30 32 34
PFGE pattern M Xa Xa Xb Xa2 XalXalXal Xa Xa
Lane : 1 2 3 4 5 6 7 8 9

485kbp —
398kbp —
291kbp —

97kbp
48.5kbp — -

S

Fig 4. PFGE patterns of
S Typhimurium isolates
digested with Xbal.

(a) band pattern in gel
(b) band pattern drawn in
paper. Lane M, A Hind
[II PFGE DNA marker;
1-9, S Typhimurium
isolates. Sample No, PFGE
pattern are described over
lane No. The numbers in
left indicate size of bands.

wol doA A AAZRSET TEANAL =o
4 # A e A7t Hm Yok ATl 9o §
A dudsdd odE REETH A&

*}"/"Oﬂﬂl HNesg 4o of 3t HEd HAEdodS €3E, mole-

BEZHY FALHY

g & B9 °
4 9le Andage o A= g7 = cular typing ¥ o2 7HA Y-S Fdo 7
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