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Studies on the Pathogenic Test of Yersinia enterocolitica

Soon Young Lim and Suk-Kwon Yoon
Department of Food and Nutrition, Dongduk Women’s University

The pathogenicity for one hundred strains of domestic and foreign Y. enterocolitica was tested with HEp-2 cell
invasion method as a reference. The serotyping, biotyping, PCR and esculin hydrolyis, salicin fermentation,
pyrazinamidase activity, indole production, xylose fermentation, CRMOX and autoagglutination were compared
to determine the possibility of pathogenic detection method. According to the test results, serotyping was limited
to verify pathogenicity, however, biotyping was quite related to pathogenicity up to 99%. The biotype 1A strains
were non-pathogenic, while all strains of biotype 1B~4 showed pathogenicity with the exception of one strain
belonged to type 1B. The esculin and salicin test results were completely close and correlated to pathogenicity
up to 99%. The HEp-2 cell invasion and pyrazinamidase test were related to pathogenicity by 95%. Biochemical
tests such as D-xylose fermentation, CRMOX agar test and autoagglutination in broth were effective as a support
test. It is strongly recommended that sequencial esculin test and PCR test could be done to verify pathogenicity
of Y. enterocolitica as the easiest and accurate procedure.
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oxalate(CRMOX) agar®} R-5-3-TWHSHWH-2 Y enterocolitica
o] By FFolvt Ak &7 40~48 megadalton plas-
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ol At et EF MM E g AFE}
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Yersinia enterocolitica®] 94 77go &+

Zol a5 B ARyt =53 A7), HAar
7], §a7] 9 2ASelA Eg Rojotk 2 4FES #
g s B, =] 31, XA 29, Al 11, £a17] 9,
AV 8, oRAF 2, A%o) 1, A} 1, ATCC 3 =83l 71Ek 5
aolth,

HEp-2 MZE ZSM AE

AY 457 HEp-2 M Eo| HEd = 32 Miller
BFibe] wpHo 7 ST} = 24 wellol HEp-2 AXZ mono-
layerE WHELL BF W Z} % Ziplateo oF 2x 107 AE2]
Mg LA, Microdilution plateE 162X g% 1027F ¥

).

AR E 3 F 5% CO, 37°CoIA 9087 wieFstith. 7t
plates] Q= EAWFA e AANT, QNFEHAFE {F
[el N =]

HolUA B cells AA37] A3 3H A=A AT} SA
ZA3E Gentamicin(100 pg/ml) $Hr ZAMUAS ©@7 T4
At 22 o2 wiekslath. 908 Fofl wiekl g A A}
A, QAR Y2 monolayerS M A3l gentamicing Al
At 2y A2y JAEE AEE AE §Re %%6}
7} $3 1% Triton X-100& 02mL2 ¥i 5% Fo 08
mLe] BHI brothS 2oJA} Triton X-1009] #HF ¥%7} 02%
7F HEE Snk. 29 o 50 ule] #<92 BHI agar plate
of Yol w=urala 25°C°ﬂ*1 18-24A17F wiFate] 2 Ay
geo] £33 A9E INVHE AR ks A9olls INV-
= skt

Polymerase Chain Reaction(PCR)

PCRO| AM8-¥l primer= Y enterocolitica®) 9733 #d
D= ail gened EolAQ AL AEEYI template DNA
|2 B RkS-goe Au g FoatA Faskitt. PCR
Z71& denaturation 95°C 303, annealing 60°C 30z% ZZ]Z
extension 72°C 20%E | cycle® 3}o] 35 cycle® ¥HAIH
th PCRe] B¢ & g-sle] Flsigint.
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s Baiiese Zoste] Table 17 3Ho] EH38IAT

Pyrazinamidase A&

Pyrazinamidase A8 Kandolo5!”¢] W& AE-siith.
WA ZA L tryptic soy agar(TSA, Difco) 30 g, yeast extract
(Difco) 3 g, pyrazine carboxamide(Merck) 1g, tris-maleate
(02 M, pH 6) 1000 mLe™ |5 WAE Ejtste] FE(160
X16mm)oll SmL XY B33 Hadd § 7geA 2
et o] slantell TSA oA v 458 HFshLl 25-30°C

oA 484)7F wWijokel 3 AjEo] THE 1%(w/v) ferrous ammo-
nium sulfate$ 1 mLE Y3 15% $ol| Mzhdste e}

At

Salicin YWEAH

Salicin® 32 purple broth base(Difco)& 121°C 15%7F
48 T galicin(Sigmays A3 439 197} HEE ¥
FHo| Rgzom FIsie] ARSI Azte] #E HE
stal 25°0Col A vl FsATh. Salicin® 747F WY AFE H]
o IR

Esculind g

Bile-esculin agar(Difco)& F-dAOR slant® TE F, 7
ko] F& HFIL 25°CNA gk 129 Fol A
g BAEFATH20).

D-xylose LSAH

aurae] wals ATH-S AT, Purple broth base
2 121°C 1587 343 F 1%7F U952 xyloseZ 2o 4
3 BB B3k & Aoy #5F5 wjAC] HEEaL 25°C
oA 1~2d7F wietaisitt.

X528 (Autoagglutination)

MR- VP broth(Difcoys FHeol 1mL ¥il 121°C, 1587
G & AR 255 vhe wiRel A4z AHEstal §
U= 25°C, T s 36°ColA] 18~24A17F wloksh the n}
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Table 1. Main biochemical features of biotypes of Y. enterocolitica
. . Biotypes
Biochemical feature
1A 1B 3 3A 3B 4 5
Esculin hydrolysis + - - - €S - -
Salicin fermentation(acid in 24 h) + - +) +) - -
Pyrazinamidase activity + - - + + - -
Indole production + + - - , - -
Acid production from xylose + + + + + + - v
Voges - Prokauer test + + + L - - + +
Nitrate reduction + + + + + + + -
Inositol fermentation + + + + +? - + +

+: positive, -: negative, (+): positive in 3-7days, V: variable

+ Virarely a serotype O:3 strain may be negative for Voges-Prokauer test
T 2:rarely a serotype O;3 strain may be negative for inositol fermentation
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CRMOX agar &

Riley®} Toma®2] B S 2 Congo red magnesium oxalate
(CRMOX) agarZ AZ3IAch. $4 TSAM4Og)E 825 mLe]
SRl F7kek F 1210004 1587 EF#31L 55°CE 4
%l & 025M sodium oxalate 80mL, 0.25M magnesium
chloride 80 mL, 20% D-galactose 10 mL Z8]3! 1% Congo
red 5mLg BT F7HEE A2 121°CeA 1587 &
#3IoH, T galactose HHL 115°ColA] 1587 E st
A3 ). R (5% sheep blood)ol X AANY 55
AEdte] 22°C 18217 Wi § CRMOXel HEF3kal 36°C
24N 7F vitsle] AxE AESIHTh & T ASEEY 7
£ CRMOX 2422, 23 B2 = (small red colony)E2
CRMOX ¥4 o2 A=)

3 d ¥

HEp-2 MZ &FH

In vivool Xl Y. enterocolitica’} FRAHS 5L A$ ¥
Adel v & & Do I viredlX Y AEE AT
o F Aok e 5 e 4¥S HEp-2 vilgA £ o)

3t Y enterocolitica®l HF3E #1lsk= Aolt}t. Hanskis™
& Mz Zaeke Aged @84 in vivest in vitro
7y B dARsAE el SHEAT HddS ERlse
He HAolgla A & Ao o8 71X A WY
7F HAA #3539 Ade HEp2 A% AFAHL 71Fo=
33 WA Rl WhH7E BlwE ST

A¥e 3 100772 HEp-2H ¥ AFA-L Table 29} 7o)
FagT 2 eols Y e 5895 48957 Y
Aol 9lE Ao AYESE ¢ o|v HYAel ity ¢
#x 55 HEp2MEE AFT 4 YT B A+AE0]
AFAEY &5 2 WEABdA B 02455 F17%
Q1 74+57F Aot

Serotyping

Y enterocolitica®) BAFL FA1-LA9So| 2lsld 57749
HHZow BFEHH® AlgA HAANE e 83

FE2 dA3 dEA Yo, B Aol AMEE #5E
dHE BIEE 0:326%); 0:510%); O:527(5%);

18(10%); O:9(13%)7} tjFEo|gom, olojd= 0:78;

16,30, 0:10; 0:13,7; 0:12; O:34%5°] Uit gukzxo
Hed YYo=z 494 U= 0:3; 0:527; 0:8;

O O fo o O

Table 2. Invasion ability of one hundred Y. enterocolitica strains
against to HEp-2 cell

Source Invasive ~ Non-invasive Sum
S;rau}s donated from 23 9 3
oreign country
Strains donated from
domestic other lab. 2 1 26
Strains isolated from
domestic market meat 35 42
Sum 55 45 100

0:9 59 §HFEL 2 AFAM% & HEp-2 AlX
AT dRBIgoy 0:3% 3 gF7F 83Ee Hadd
o TR o]9o] AFAF uEAA UL, T

U

vy gdes 48 gle 0:559 daFE Hede
ERI7I= sigich. o9}k o] A 455 T T serotype

74l WA zolE RolZ e Aol o] serotyping?t
o7 WAHARE Ayl ok 2yEE PAdYAF
A gs) Bty YeirE serotypeo] €] FE7HHQ A
B EojAer vk AZAT
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Biotyping

Y. enterocoliica= 882 EAdd] wetx 8 7129 bio-
typeS & VFFol X TtH(Table 1). ¥ A7 AMEE Y entero-
colitica 100 B2 #3529 biotypee Table 37 Zo] 1A, 1B,
2, 3, 450|910 3A, 3B, 55 f181t). Biotype ¥Ad
e AB/AL Holx o biotype 1B, 2~59] I1FES ¥
AL AU Yot 1A, 3A 282 3BE HEAe] gle A
o2 dEAYTt YNEEFSF biotype 1A7F HEAS A
2 the H2Y AFRI®Z) gloja 1AFE B
#57F 4L = Atk AL o ¢ stk & Al biotype
1A FFES HY4 S Holx anoer WA biotyped!
1B~4% 1BQ @F shidt AQsiy 2% HAAdS el
2t} wakA biotypeo] HEp-2 AIE FIFA 9 HAA AR}
] A AF99% LAl de R ¢ F USUTH

Biotyping A3}8}4¢l W& 712= 37| W&
ATE Qs BAs] AFL A AREL e e
T 7} biotype7re] FEo] B ke EAFe] 3t 9
2 =4 biotype 1A%] 7%-, pyrazinamidase S9%H-8-5 A9l
313 biotype 1A%} TUI ¥HE-S YERHAAY, = pyrazi-
namidase$} Voges-ProkaverAl g4 248 vehlio] dubs
2l biotype 1A%} zo)E YER #FEE U ol &F
£ o3 Holdx B3t o9l thE o 7iA 4
g A7HE0] T biotypedl B3t biotype 1ASH 7HE At
g A3S UeERfo] biotype 1AZ FESIHTE ol#d &
Be A&H AFE St dAas) vrkel & Aol

Bioserogrouping
Biotyope(B)#} serotype(0)2] 3%
AR IEA AUThUTable 3). &

o] WAy #Ho] 712
3 k4
3 B4/0:30] HYAT UHs A

B2/0:9, B3/0O:3 =¥
S Helthe 9743 B

Table 3. Biogroups and serogroups of Y. enterocolitica tested

Biogroups  No. of strains tested Serogroups

0:3%,0:5,0:78,0:8;

1A 43 0:6,30;,0:10;0:13,7;
0:12;0:34; UN

1B 10 O : 8, UN**

2 19 0:527,0:9;,0:21;UN

3 20 0:3,0:50:9

4 8 0:3

*; serotype O:3, nonpathogenicity
**. gerotype UN biotype 1B, nonpathogenicity
UN: unknown
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Fig. 1. Agarose gel electrophore51s pattem of PCR amphﬁed
products(458bp) from some strains of Y. enterocolitica

Lane 1: Molecular marker(100 bp ladder); Lane 2: Sample No 1,
ATCC 23715; Lane 3: Sample 45, donated from Chung-ang
University; Lane 4: Sample No 52, donated from Canada; Lane 5:
Sample No 65, isolated from domestic market chicken; Lane 6:
Sample 20, donated from Canada; Lane 7: Sample 31, donated
from Norway; Lane 8: Sample 8, donated from Chung-ang
University

T o] B ALYAE O3 B3I+ B4, 0:8% IB %
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Polymerase chain reaction (PCR)
Y. enterocolitica’t A Auhs Ex3

F 4 = R ail
geneS 7FA|L 917] wjFolt} E PCRAEY L ail gened =
o] &l primerZ QYO EE Fig. 13} 7+o] 458bp DNA

fragmentE FAstd PCR YA o8 WG3t} o2 o=
PCRZA 9} HEp-24| %] that v enzemcoliticai‘EH A e}
£ YAstor Aok Wagel Sl #FE e 9N
o1} shpe] #FolAer PCR 4 HEp 2HE JERE
3% vEeRol PCR¥} HEp-241E < 99% 43 }9&
ail genes 71%Z3F PCRo| H J’“ 0# £ 100% 9
A B > 8] AFEE 2 el
4o % & uj(Table 4) PCRA] }j
@223 WA T spRE &

_O‘L-Qn[o>
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Esculin2} salicinA|&

o] F7kA9] AFE MR 100% YA FFLH, o] e
o] dHY A EE AT vy ez FIEe
biotype 1A°] SF=HAY. 22l WA H4FE o8 Wt
5°] &4401%lem PCR¥} HEp-2ME HFAGL PdS e

Wl 28y 2 E/79 #FRS esculin salicinA] € 7
HEp-2MX %A W] Ald3 dAekA] 243k 2 2 (Table

F39) BadTe 8% o

Salicind & ¢ 29 797F Axte] HsE #Es 23 g
“?‘ 201 *} ol W8-S 3 3Y o]

LERA A RE HE 2
A

75‘)*?‘—11:— 9}01 ‘”/-1‘\‘&']?1 ?_ie]'ol B_?%U,— Salicin
W8E esculinSHT 28 A7) P esculini-Eo]
salicin?hS- 2T} =0 W2 A7k Yo BY9Ae Beld 2= g

= W olet seE

PyrazinamidaseA| &

EEAoz Wk A& pyrazinoic acid’t Sl Aolnz, <
APyr HEH-O2 H=atal Azke] Wyt gle Ae 34
(Pyr -2 A=3th 28y F04 &, ADE)7E B8

gt 53 pink-brown®] A% ¥doz #FHYstvl Pyrazina-
midase Alg3 HEp-2MX HEAY WA IAdihs 94%
AA skt HYA9 biotype 1B~47kK 2] aFE5 9

45 AT e 4FES o48S HERIAL viEds
¢l biotype 1A% tiFEEE H4S UeERYoY 495 &
‘go) et

Biotype 19141 pyrazinamidase test’} esculin(Esc)A] X}
Haddde] a3&o|9ltl= Kandolo 5179 Av= 2 A
TAZRL ZolE BATH o2 W HEp2AE A5 W
A4 A9 Whgo] BF (Bsc -), (Pyr -3 HERAISL
HAdel A= (Bse +), Pyr +)°] tiF-Eo|L} (Esc +),
(Pyr OF YR #550] U3tk ZHH 0= esculinA|Ho
pyrazinamidase A€ B} HEp-24|E HFA 9 B4 dAdst
A stz Hgo] o E=UTH

E

D-xylose LSAIE

o] Wy WY o] HPFoR H¥
enterocolitica O :3% biotypes 3]
) Biotype 45 AT ZE biotypeES D-xyloseS

A3 biotype 4= D-xyloseE HESA] it} 12ER

& ¢ de o s AE. A gdFEoA B3] biotype 45 TET AT Ao
Table 4. Biogroups and properties associated with virulence in Y. enterocolitica
No. of strains Positive reactions by the following tests (%)
Biogroups ’
tested *Esc Sal Pyr CRMOX Auto PCR HEp-2

1A 43 100 100 91 0 0 0 0

1B 10 0 0 0 30 0 90 80

2 19 0 0 0 42 47 100 100

3 20 0 0 0 5 15 100 100

4 8 0 0 0 63 63 100 100

*Esc: esculin, Sal: salicin, Pyr: pyraxzinamidase, CRMOX: Congo red magnesium oxalate agar, Auto: autoagglutination, PCR:

reaction, HEp-2: invasiveness(cell cuture)

Polymerase chain
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CRMOX agar Algizt AtSS1 8ES(autoagglutination)

CRMOX agar*| @3 ZH5-&anbg 71 28-S 53t
plasmid 2f SFE I3tk CRMOX agar teste &l
A =5 A JA%E I8Y AE HHe= 93, A%
43l ¥H3-2 virulence plasmidE T3 BHAA FFEL
36°Coll A AFE-338E HolX|gt 25°ColM = 28R &
™ virulence plasmidE 7R3 YA B FFES F 7
2roN AFEIELE HolA] Feth®s AL rx2
Algolt). A3 A2 CRMOX agar Alg} AHg-8- whe-2
M2 A=A dth. HedoR dekE S535% CRMOX
agar Aot AFEINGANN 27} 174F(31.0%)%} 1675
(30.0%)°1%F Fdwt-e-S BTt zH7he] biotyped] wigh ol
HH8-9] M) &2 Table 49} ZHo] Biotype 1AS FHHE R
F 242 UERA oL 01919 biotypedlA] YR dF-Eo|
FAREE-E VERARIT

Plasmide #F R#AFo|AY AESHE A wdFol §l
o]Z]7] A} Nesbakken®2 HI 3I¥+E o £ AFolA
HUge g Add d5Ee] dFAATE o)E vhgo] ¥4
o7 e Hdgdoes SRl dRaFolA o] dide] o
AutE 78S YAET Wk CRMOX agar A8 =}
TSI WA g FEIX gon tE oY st
A AR HYE F9- HAdERl] B dge & ¢

9Tk Azt

&O

o o 1o [o

==

2 o

SUielollA FF A S E2E F 100352
Y. enterocolitica®)) W& WA HIHE HEp-2 AT IFEA Al
HE 7IEo R B oy 7B YA gl WEs va
sttt @3N E WA AdElde FEIX F%
31 o)]9le] W 2, esculin® salicin’] ¥, pyrazinamidase A|
9, biotype 59 AsIEd FAo) Hig e F A W02
HeAds Hdsirlde SR &Uth Dxylose WEA
¥, CRMOX agar A8} Ae-&34H8-(Autoagglutination) S
S HagEld B3l 98 7e & 4 k. HEp-2 Al

L 2= =

2 IFE AEHE A2t w¥o] Bo] AQFHEE o] W
He AT 5 e 70d8te 245, A8EA Y enterocolit-
; 3l
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