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Abstract

Yersinia enterocolitica is an important foodborne pathogen that causes illness in
humans and animals. In this study, 1,270 raw meat samples were collected from
markets in Seoul and were investigated for the distribution of Yersinia spp. In addition,
epidemiological analysis was performed assessing the biochemical, serological, genetic,
and virulence-associated characteristics of Y. enterocolitica. Yersinia spp. were detected
in 136(10.7%) samples, of which the most frequently isolated species was Yersinia
enterocolitica(57.4%), followed by Yersinia intermedia(33.8%), Yersinia frederiksenii
(6.6%), and Yersinia kristensenii (2.2%). Of the 78 Y. enterocolitica isolates, biotypes
1A(83.3%), 2(15.4%), and 3(1.3%), were identified; biotypes 1B, 4, and 5 were not
identified. Serotypes included 0:1,2(3.9%), 0:5(44.9%), 0:8(10.3%), and NT (not
typeable)(41.0%); serotypes O:3 and O:9 were not isolated. The prevalence of virulence
genes included yadA(1.3%), inv(33.3%), ail(1.3%), ystA(1.3%), and virF(0%). This study
highlighted the importance of raw meat as a potential source of Y. enterocolitica

infection in Seoul.
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Yersinia spp.© L1547t o= Ul Aldt
ol Fabe= AFF e UJAA T shto]
W, TXO] o] ug Hojx HXF{ T ofA
eI HAE HRS A, 1Y), & ¢ HE
7l 59 ' 2 oy FHAAE FEHa vt
(1, 2). Yersinia spp.= 2717} 0.5~0.8x1~3
pmol™ WAXAE PASHA &+ Gram o4
[} ~

4871 ot 540l 1
1870¢] HRE 4 FdAo| A1 glon 2
o wat 5ol zto]7k glolA] 25T ellA = &
do] ot 37T = =540 gltt. A
T 4~42TCo|H HH2EE 28~29To|th(3).

Yersinia spp. 7}t tlE4Q HIY dF=
Y. pestis, Y. pseudotuberculosis, Y. entero-
colitica 3%°] 2™, °]F Y. enterocolitica’}
Aol 4] theFet A AEs FEA7lE T8 ¥
AAZ dHA Ak(4). Y. enterocoliticas =
oA ik, A4, s, A dabdd, i8S
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5 AAL o] fEtE A wfol whet AAle] 37}
Fol7|% gt AAtel A 4

ol A WAsh= A o® Bas i QIth9), w3k, f
HollX= Y. enterocoliticadl 93t Yersiniosis
7} Campylobacteriosis® Salmonellosis®t &
& AgS FIA7E U wa3% AesoR &

217 ShtH(10).
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¥3FE Y. enterocoliticat X193}
| wlg- theksted 700] 7hA]9]
48 9 vER gHFoem UHy, o] skl
&3 0:35 HEsld 0:8, 0:9, 015,
27 5ol AbgelA HAAdS YeEh= o2 o4y
] Y. enterocolitica® §E&3 T3t
A3 FE wE 54 9k BES= ZoR
Husa glom, oM 3BE 3A%0] Bol
U, A=y 33 e] A (serobiotype)
dlME 3%8/0:3, 28/0:9, 18/0:8 Go] ¥
A 2 BEETF =2 FoE YETH14).
AT AFEol A YersiniosisE A7
T T8 ujsfAeltH(15). 53], =HAe] HE,
A, EWy Fxde] a8 Q|Ydo® HuHa
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195E 99714 ALAGoA SEH A8 A=
T 217] 56071, A1) 71070 ARE A
st

2. Yersinia spp. 22| ¥ 53

Y. enterocolitica®l 2 A% W= FDA
method®l (22) whe} HASHATE =, A 25 ¢S
225 ul peptone sorbitol bile broth(PSBB)el

d3 gRAVOIAR 3027 E43 $ 10TlA
1047 Zatuigstdet. S 0.1 s
12 0.5% KOH/0.5% NaClell Yol & 41
% MacConkey agar(Merck, Germany)®} Cef-
sulodin irgasan novobiocin agar(Merck,
Germany)dll 717 E@ate] 30Cell4] 48417t Hl
Fetairt. wiA] AdollA AdPFA Q] HEhs A st
Tryptic soy agar(Merck, Germany)oll At
43t $ Yersinia spp. sHAEES AAEHA
Yersmla spp-% 245“—10 Agre MacConkey
agaroll A<= FAEHE s A6t
CIN agaroﬂfﬂ et S FHe AL
i T FHE B
e E YERATH

Yersinia spp.2 FARAYE

iron agar(Merck, Germany)ol| FHZE3dte] 30T
o| A1 48A17F W FslAtE. Y. enterocolitica®l #
2ol Wk3-2 alkali slant/acid buttol™ 7=
£ A & HoS w2 5ot FrHA e
AE 54 An(Vitek2 compact,
BioMérieux, France)¢t API 20E(BioMérieux,
France)& °|&3to] & A3t

3. Serotype ¥ Biotype SH™

Y. enterocolitica®l biotype< Bottone2]
ol (23) whet 31 13 o] 1070¢] Ashsrd 54
of Wt E57F FAsH

2859 serotype ©F
nation & ©]-&3}o]
olgd gIHL

Slide aggluti-
Akt 2 A3
Y. enterocolitica antisera
(Denka Seiken, Japan)2] type 1-2, type 3,
type 5, type 8, type 9°]t}.

4. Multiplex PCRZ 0|28t HaAM ZA}

o w5 TS gelsty] flete] ¥
A3 B4 9= All, ystA, yadA, virF, inv
Azt gk PCRE AAstom o] &% Zejo]
WE % 29 2l Multiplex PCRE 13

Table 1. Biochemical tests used for biotyping Yersinia enterocolitica

Test 1A 1B 2 3 4 5
Salicin(acid production in 24 h) + - - - - -
Esculin(24 h) +/- - - - - _
Xyloza(acid production) + + + + - vV
Trehaloza(acid production) + + + + + -
Indol production + + v - - -
Ornithine decarboxylase + + + + + T
Inositol(acid production) + + + + + +
Sorbose(acid production) + + + + + -
Pyrazinamidase + - - - - -
Lipase activity + + - - _ _

1) variable.
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reaction mixture 10Xreaction buffer 2 uf,
Ztztel  primer(20 um) 1€, dNTP(dATP,
dCTP, dGTP, dTTP) 7t 250 u¢, Taq DNA
polymerase(l unit/ml) 1 pulo SHTE A
Atk 7]l template DNA 5 w5 715t %
20 p07t ¥]=% g 3 Thermal Cycler(Applied
biosystems, USA)E ©]-&3}o] PCR A S A4
3}tk Multiplex PCR #H8-2712 denaturation
95°C 10min lcycle: melting 95°C 45 sec,
annealing 60°C 1 min, elongation 72°C T70sec
25cycle; final extention 10 mino2 AA|E}S]

o SZE AZL 1.5% agarose gel electro-

phoresisE %£3to] gelalgir}.

2 1

£ & Yersinia spp. AEE

MEA A& A B8 Yersinia spp.o 7
o ¥
T al.

I
3% o] F 1,2701 % 10.7%(136

=5

T2 Yeigth AS5E HJEES Aav|dA
9.8%(557/56071), A 3L7]oll A 11.4%(815/710
A)E HAEHU 2l¥ Yersinia spp. TH
77y Yersinia enterocolitica 57.4%(785),

Yersinia frederiksenii 6.6%(9F),
intermedia 33.8%(46F),
senii 2.2%(3F)%2 e °]%  Yersinia
enterocoliticat™= Z=117)914 50.9% (285F/55F),

Yersinia
Yersinia kristen-

Table 2. Primers used for detection of the various genes of Yersinia enterocolitica

Gene Primer name Primer sequence, 5 —3’ Amplicon length, bp Reference
yadAl CTTCAGATACTGGTGTCGCTGT

yadA 849 44
yadA2 ATGCCTGACTAGAGCGATATCC
YC1 CTGTGGGGAGAGTGGGGAAGTTTGG

inv 570 45
YC2 GAACTGCTTGAATCCCTGAAAACCG
Aill ACTCGATGATAACTGGGGAG

ail 170 46
Ail2 CCCCCAGTAATCCATAAAGG
Pr2a AATGCTGTCTTCATTTGGAGCA

ystA 145 47
Pr2c ATCCCAATCACTACTGACTTC
VirF1 TCATGGCAGAACAGCAGTCAG 590 48

virF
VirF2 ACTCATCTTACCATTAAGAAG

Table 3. Distribution of Yersinia spp. isolated from meat samples(n=1,270)

Meat
Total
Yersinia spp. Beef Pork

No. of isolates % No. of isolates %" No. of isolates %"
Yersinia enterocolitica 78 57.4 28 50.9 50 61.7
Yersinia frederiksenii 9 6.6 3 5.5 6 7.4
Yersinia intermedia 46 33.8 24 43.6 22 27.2
Yersinia kristensenii 3 2.2 - - 3 3.7
Total 136 - 55 - 81

1) Percentages were calculated out of the total number of isolates in the meat type.
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HA 71904 61.7%(507/817) & Eele Yersinia
spp. & M =& AEES YET

2. Yersinia enterocolitica®l Biotype %

Serotype

2 golA Fel® 785 Y. enterocolitica®
biotype 2 serotype A= & 4, 3 59
o gl dia AsEd SA4s 7R
biotypes ZAFSH A3} biotype 1AE, 28 2 3
@ 37HA typeel uWERwtaL, o] 7kEHl biotype
1A¥0] 655F(83.3%) 2 7} ®o] veyton 2
g 127(15.4%), 38 17(1.3%) = YERst:

w2 759 serotypes AR A3} O:57F
357(44.9%) & 7174 o] yehdal, 1 thgoR
= 0:89] 85(10.3%), 0:1,27} 35(3.9%) 9l
o2 YERITE Serotype 0:3 % 0:9¢ HEY
A ko UwA 325% NT(not typeable) 2
UFERSETH

A A e FEASF F P Bl
2% serobiotyped 0:5/1AZo|oH, 78F
9] Y. enterocolitica & 315(39.7%)X HAZ
HAJTh I ez 0:8/1A8°] 85(10.3%),
0:5/280] 45:(5.1%) o7 YERITH

3. Yersinia enterocolitica®l HAM REX}

Y. enterocolitica®] WHA §4A} yadA, inv,
ail, ystA, virFe] #AEES % 63 2t} 72479
FAA EolAel primerE ©]-&3te] PCRS A4

Table 4. Prevalence of Yersinia enterocolitica
biotypes isolated from meat samples”

stgom 7z DNA productE &elste] HYA
T FFE At A 1859 Y.
enterocolitica w2 TF25FH inv F8AH= 33.3%
AZHAT} yadA, ail, ystA F4x= 2+ 1.3%
& yehdlen, virF fdxe AE5A uTt

Table 5. Prevalence of Yersinia enterocolitica
serotypes/biotypes isolated from meat

samplesl)
Serotype/biotype POS;ZZIZZQZ?}?;) &
0:1,2/1A 1(1.3)
0:1,2/2 2(2.6)
0:1,2/3 -
0:5/1A 31(39.7)
0:5/2 4(5.1)
0:5/3 -
0:8/1A 8(10.3)
0:8/2 -
0:8/3 -
NT?/1A 25 (32.1)
NT/2 6 (7.7)
NT/3 1(1.3)

1) n =78 isolates.
2) not typeable.

Table 6. Prevalence of Yersinia enterocolitica
virulence genes isolated from meat

Biotype Positive samples, no.(%) samplesl)
1A 65 (83.3) Gene Positive samples, no.(%)
1B - yadA 1(1.3)
2 12 (15.4) inv 26 (33.3)
3 1(1.3) ail 1(1.3)
4 - ystA 1(1.3)
5 - virF -

1) n = 78 isolates.

1) n = 78 isolates.
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Yersinia enterocoliticas L1H-aAd7kto.
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A%k, serotype 0:82 Abgolld 7+ Al A1
ol Wwhd  0:39 0:9& nlud AHwd 7+
o9 e AoR HuEal Juk(23,24). E A
MEA S &AM rolA HFee 2
21317194 Y. enterocolitica®l 7&EE3}
of §AE& Hx= A8tz st

AN rr e & o (o O ooy

Mr N
w

20159 195 9974 HeA 88 L
7] 5607, A7) 710718 ARE AFEst F
1,270702] 2180l A Yersinia spp. 136575 ¢
stol  10.7%9 AEES HAT olF Y.
enterocolitica= 787 ®e|¥o] HEEC] 6.1%

How o] Hi
Yersinia frederiksenii 9, Yersinia kristen-
senii 357} Eel=o] 72}2 3.6%, 0.7%. 0.2%<]

Yersinia intermedia 465,

AEES YebAY. Y. enterocolitica®l 24
AZEL 2794 5.0%(285/56074), #HA 1L

7] 1.0%(505/7107) & UEfyo=H =HiA117]
oA wlwA =A YERTE Yersiniosise] o]
A F A HE, JeE 9 2Ry 29X
o] Y. enterocolitica®] FL3 HFAZ Hil
3 JrH(16~19). E3F F3el = Y. enteroco-
litica7t A7) A] RIHEHA 2= 9lom
(10), o= =A 9] 7743 JueE ¢ wH &
e o] =AY o]F FANA wAed H
7] wEel Aow B Qlvh(26, 27). B A
oA A HER Y. intermedia, Y. frederi-
ksenii, Y. kristensenii= 7L A o5 o
3l A AF7F K8 Folm ofds] =] A&
7F Fololth(28). webA] AlFel fFEEE A5
Y. enterocolitica® W53t 7€} Yersinia 4 i
o] 9.9l ik HAg A 7F S F-H

>

A e EX3}= Y. enterocoliticar A
shela Aol ofste] 671<] biotypelZ FHE
t}. biotype 1AE Algho| A BYAS el &

b 9] AEY 1B, 2, 3.4, 5% HIKE
Uehle o= dHA Jrh(29). =g Y
enterocolitica= A 97} F&o wet Aol uj
5 thekstel O-&ol oste] 600 7HA¢] EH
Fog UHH, 1 F 117 E Al 23S
do7)= Ao BuHATH30). & AolA &
g 787 dis AsEH A4S V|xR=E

biotypes ZAFSH A3} biotype 1A%, 28 % 3
& 37HA typeol UEREaL, o] 7Rl biotype
1A 0] 655, AA 25 F 83.3%= 7 Zol
Uelgtor 28 127(15.4%), 38 15(1.3%)
TO R e

Y. enterocolitica®l @43 vepet A9 4
gt =l wat zolzt o, 1, Ay
o dEoAME A 0:37F Bol FEHa, vl
gdet=dA "3 0:9, 283 vFoAE 05
2 0:80] RIMSHA 8= Arh(31). & Aol
M 8ol B¥3h= serotypes FAME At
O:57} 355F(44.9%) =2 7V ol Yehtz, 1

Fo2E 0:89] 87(10.3%), 0:1,27F 3F
(3.9%) woZ Yepdrt A 2 AgellA] A
A9 {FA5Y  Yersinia enterocoliticat
serotype 0:5 @ 0:80] F+& B¥3= Aow %
AL AT

A Y. enterocolitica ¥2]it5 7871 i3
HAA A2 BRFo)5EE multiplex PCRZ &
A& A3} chromosomal virulence genesol 4
8= Inve 33.3%, ail, ystA® 247 1.3%E e
o  plasmid-encoded virulence factorsell
&3l yadAE 1.3%, virFe #dE9A &gt}
RE W94 Yersinia spp.© TS virulence
factorsE& FY3s}= virulence plasmidE X3}
(32). Lee ¢ A7 5 AMxAgAA W
A4 Y. enterocoliticas NIAAEE HFs
WA v T RS RekH o (33),
inv geneS QAAZ F2Y 3 A AETAFE}
7Fsakaith(34). Inv geneZHE AAH Invasin
& EFF AEEUY] F8A% A8t 7o

a3l
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gene L3k o] AEHEF
1

A
O % AL th(36). 9, YstAs WEA &

WA Yersinia 17+ pYV(plasmid Yersinia
Virulence) = WHH °F 70kb A7]¢] Fgpw
EE Bfshetl, pYV e frda Al Al
oluk &l YadA(Yersinia adhesin A)E 4
o] AW complement$} defensin® tEHA
AAs}aL Y. enterocoliticast &2 M¥E 7+
&S FXIA717] wiEel(39) B Fask %
sitha dEA ok B AgdAe
enterocolitica 1594 genotype inv+ail+
ystA+yadA+virF-, bioserotype 3/NT&S o
ERal U] F85F F 25594 inv gene©]
AEH 1 pYV plasmidE B34 &+ Aoz
UERETH Y. enterocolitica 5434, w529 #7)
Bl 37°CollA] vHEE Aol <]3] virulence
plasmid7} AAEANE B AY I F=
37°ColA w7 o] gllom o FA o
T A&SHA DNAE F=319th. wepa 2 2
o] AFoA EIH T8F T 1.3%°NA pYV
plasmidE Y43} inv gene®] HEH 33.3%0l
A BYE e Jos ddEn

Favier 59 d7-olA of2Z&dEy} 250825
Y. enterocolitica HEES FAMH A3 #A
238749 AlZoA 92(38.7%) A0 HEHOZH
2 A3 SHE BYt A YERGTH6.1%). &
g]FollAl B bioserotype 23/0:92 genotype
virF+myfA+ail +ystA+<S YERHI, biotype
1AE T3k genotype virF-myfA-ail+ystA+
ystB+E UehHomA B FHAE <ld
ATH40). T T2 AolM HAL FAE YERD
A2 R H 229 Y. enterocolitica 16059 H
A FHA BAES 2ARE 23 inv(100%),
ail(94%), ystA(93%), ystB(7.5%), ystC(5%),
yadA(89%), and virF(82%)E YEFHTH(4L).
Bhagat 59 <d=dTor= F 8159 V.

oo i mlo AN M

tjo

enterocolitica biotype 1AES F#3lon 7
zF Avekol AAL WA 51, #4185, HA &
79 77, HALERY 5FE Eesiit #
2]% biotype 1A% 815l dial ¥4 A4 4
A A Ay, WEe wE 59k BAgle]
AZFEALE. 7Sl Y. enterocolitica biotype
1Ago] WYYy T2 RuHIAT H
Bhagat 5¥}(42) Sharon 5¢(43) <ol
biotype 1A H3F HAA FHAAE BfshH Abg
oA AA S doZ F S YET o=
A2 ATt E2]E biotype 1A 655 E3F %
dyPvtow nHYyd #F 3

¢
O

=3 W4 fA47) 1 W 55
oA WES Qo Y bsAe] Y Aow
ot

N

20154 197 99714 A&A9 fred &
7] 5607, #HAL7] 7107& ASZE AFE8A
1.270712] 2594 Yersinia spp. 1365(10.7%)
7F 2259k, olF Y. enterocoliticat™ 785
(6.1%)5 Uellon Y. intermedia 46
(3.6%), Y. frederiksenii 95(0.7%), Y. kristen-
senii 37(0.2%)& Z7F YET ASER Y.
enterocolitica™ 237|194 5.0%(285), A
7] 7.0%(507)E YERHOZA = 2] 517]0 A
A=A AEHA. #2¥ Y. enteroco-
litica 785 dis] AsEH EHE VxE
Biotypes ZAFeH A3} biotype 1AE, 28 2 3
& 37HA typeol YERgtil, °] 7kl biotype
1AHo] 65%(83.3%) % 7P% ol pEhuk
Serotypes ZAFH A3} O:57} 355:(44.9%) =
7P Wol Y, 1 vFoEE 0:80] 8F
(10.3%), 0:1,27} 35(3.9%) 59 +o= et
woh wEFe WA FHEA 2ol fis)
multiplex PCRS 43 23  inve 33.3%,
aill, ystA, vadA® 27} 1.3%E JEhdon,
virFe AE5A &ttt & d7+47, AeAY
%5 AHO02RH Y. enterocoliticas H|FE3H

<
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