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Abstract

A total of 277 mineral spring water samples in Kangwon province from 1999 to 2000 were analyzed for the
presence of Yersinia spp. by the conventional Food and Drug Administration protocol, and presumptive strains
were identified by morphological, cultural and biochemical tests according Lo Bergey'’s manual. Also, the
biotypes, serotypes, and susceptibility to 12 antibiotics were tested. Among the total 277 mineral spring water
samples, 40 samples (14.4%) were found to be contaminated with Yersinia specics. Among the 40 strains of
Yersinia spp. isolates, 33 strains (82.5%) for Yersinia enterocolitica, 4 strains (109) for Yersinia frederiksenii,
2 strains (5%) for Yersinia intermedia, and 1 strain (2.5%) for Yersinia sakazaki werc identified, respectively.
Of 40 Yersinia spp. isolates, Yersinia enterocolitica (82 5%) was the most predominant species in the mineral
spring water samples compared to other Yersinia species. Compared to direct culture method after KOH ireat—
menl and KOH treatment method after cold enrichment for better isolation ratio of according to comparision
of Yersinia species, the detection ration (18.5%) of KOH treatment method after cold enrichment was about 3 times
better than that (6.1%) of direcl culture method after KOH treatment. According to serotypes of Y. entero-
colitica isolates, O : 5 (12.9%) was the most predominant aod followed by O : 3 (9.7%), O : 8 (6.5%) and O : 9 (3.2%),
and others. For biotypes of Y. enterocolitica isolates, 1A (71.0%) was the most predominantly abundant and
followed by 3A (12.9%), 3B (9.7%), 1B (32%) and 5 (3.2%). Also, an antibiotic susceptibility test showed that
Yersinia spp. isolates were very susceptible to the antibiotics tested, but they were very strongly resistant
to ampicillin, cephalothin and carbenicillin.
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Yersinia®-& Gram ¢4 A R4 2+d 22 A3 WAT ZAqg, BA A 5 chekgl FA4E L2 3H(7). Y. entero-
ol Z5)e] D FH Q] HWUT SR Y. enteracolitica, Y. pseu- colitica’s AAARD LR QT E(R), H=], & & oF 52
dotuberculosis 4 H|2~E2] lalal V. pestis 35-°] & 7}23H9), 95, FAF E 510,10, oFAF7(12) T A
2 Qieh(1-3). AN A sF e 2 48 Al Y. enterocoliticas A5 F 9 AFS dAS 5 $ARLA Tl de] £x5] st

TEYATLE 19399 Aol #H2iE] 5o Jas (13,14).
% 5°Col A E Ate] 7last A S A FOoBA] BCAAE & Y. enterocolitica’s A|A oj2] vellj A AlFA 2ol {1

EAde] glont 37°Cel e 28X o gle S48 713eH4,5). Qle 2 Shigella BT} ol HAEw] Salmonella, Campylo-
o] T vt AT vlwste] 22l-go] @r] el bacter WHg- LA 1 glvkz B nEH T ¢ 2w (15), #TdE
2R F2.A A egkot WAL AT FAE 5 9] o] Fo] B o] HA Z7hatE FAolx ohE A AT
L 2A2A A AN Are s YA E s B2 58 B we] 74g 3 A2l A Hol Rl E = SAle] 9lvhls).
AlEE doldoez AP 52 A4 =HU6). V. xzwmal olgl T2 Y, enterocolitica®?] T2 A4 A
enterocoliticasll 2 sl A== A& Yersiniosise} 3= 24 29 BAYAA vl F28 2v)7) glvh v S e
] o) &2 Salmonella, Shigella, Campylobacters & S84z Qg Al XaHa w17 HrlHdAs £
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Yersinia spp. 28] A ¥ 2 Bergey’'s manual(l), Edward
and Ewing’s(2) % v1= FDA method(20) 5-& #z3s}te A
>ETgaey o2 $sg 2 V. enterocoliticad )
FE EES w|asty] H3to] A e aoka AL SFE =]
wjeks ztzk Abgstoich ARy FyHes HHE
Ael 5= 1 LE EFY A3 5] & o] g-sbo] DFAbe)e o=
A {membrane filter, 0.45 im pore size)=S ST}A]| 7] T of 7}
Aol 0.288% KOH Al Al <= 20~30 mLE E3A A 20%
7t d7tie] Al F o] o} T)R]E Cefsulodin-Trgasan-Novobiocin
(CIN) 4 ghufj ] of] 2ell 2 &84 31 25°Col| 4] 484] 2 wlj of gt
F oA Aol A A 4l 3] 22 49 sled brain heart infusion
(BHI) agar(Difco)el] A eHvj efs)oq Yersirzia spp.2] SR A
g AA] shedc) Hez=gryys Ay 1 LE 279} 72
o] W membraned] o FHA|ZF 71 g & 10 mL peptone
sorbitol hile broth(PSBB)#|#] o ge] 10°Call 4 1027} A]
2w oF $o)) o] uiekel 0.1 mLE 0.5% KOH/0.5% NaCl
1 mLell gef 3027t &7kel Az & CIN|A] o #2]u)] o3}
o] Yersinio spp2 A A €& AAstglch
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CIN wiz)Arell A 242k Yersinia spp.&) A8 2 <) A2 (4
= Foo] AL AW Wz =597t 5 4 bull's
eye @ )& A & 3te] Triple Sugar Iron agar(TSI; Difco)oll
HFsted 30°Cell A 24/‘] 7} vl ekaledvt. Yersinia spp.2] TSI
Bz A gl al whe-e alkaline slant/acid butt24 7248
& Pslern HS LQ‘% e}, 7 2 2 Urease A}
A-g, Citrate o] §13H-8 & A3HA 3 £53 A9 ol A
35°C el A & 24 o) 31 25°C el A} 2t ek -2 Vel = Yersinia
spp.2] A FFF Ad@ste] API 20E(BioMerieux)ell A%
sled 35°Coll A 18~242 2k wlj o3}t A& F-E3l o). &
Zx o2 #2|¥ Yersinia spp. & -70°Col YE8 sl I
2A Ag-3led )

& (serotyping) AlE
28] 2] serotyping-& slide agglutination ¥4 & 21§
stgen d¥EA g AESE Y enterocolitica Q1 1, 2,
0:3,0:50:8 0:9 %5717 3493 (Denka Seikend &)=
AL-8-8F4 T

*o”“”%‘(biotvping)/\l@

8] FF= Fukushima 5 (21)o] A gkgk vl of w}e} Es-
culin hydro]ysm, Salicin- Xylose - Inositol fermentation, Pyra-
zinamidase activity, Indol production, Voges—Proskauer lest,
Nitrate reduction test 5 4383 BA o wje} b7} & F
2alsich
4‘3 o A Al

b A A 7] AL Baner-Kirby (22)2) ¥ 2~= 340
2 g2 A A5t e} Paper-discs BBLAFY ampicillin(10 pg),
cephalothin(30 ng), nalidixic acid(30 ug), streptomycin(10
g), tetracycline(30 Ug), tobramycin(10 ig), chloramphenicol

| 00].

(30 ug), kanamycin(30 Lg), gentamycin(10 Bg), carbenicillin
(100 pg), trimethoprim(10 ng), ciprofloxacin(s pg) 5 123
o] gAY A & AFE-5lel 2 v, E2] 7S Muller Hinton brothe
A 37°C, 647 wijodsted 1 F -2 Muller Hinton agarel) 4
Fetn FA4A )3 E 052 F37°C, 24413 v <ksted
Azt 352 National Committee for Clinical Laboratory
Standards(NCCLS)H (23)-2 Al-&-3}¢th.
21 o
Mel=oliMel Yersinia spp. 22| AE]

1990 #8) 20006 ot AUEY FEAE £ Hg
Yersinia spp. T &4+ A3& Table 13+ 2} & 4%
1870 Alell A A # g H=AE 2774 (1377 AE) Foll 14
7| A7y HE AE 407 (3470 BE])el| A Yersinia spp.7t A
5] 144%9 HEES veplsich =0 34 &
R == 4045 Y. enterocolitica’} 335-(825%) 2 7} &
< Bl &g vehligl e, V. frederiksenii 47-(10%), Y.
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Table 1. Detection ratio of Yersinia spp. from mineral spring water samples in Kangwon province (1999. 6~2000. 4)

Sampling areas Number of Y. enterocolitica Y. frederikseni Y. intermedia Y. sakazaki
samples Isolates (%) Isolates (26) Isolates (%) Isolates (%)
Chunchon eity 18 1( 557
Wonju " 15
Kangnung “ 20 1(5.0)
Donghae 14 2(14.3)
Sokcho " 3 1(30.0)
Taeback 17 2(11.8)
Samchok 4
Hongchon gun 11 3(27.3)
Hoengsong ” 7 1(14.3)
Yongwol " 15 3(20.0)
Pyongchang” 15 3(20.0) 10 6.7)
Chungson 24 3125)
Cholwon " 46 6(13.0) 1( 2.2)
Hwachon " 10 2(20.0)
Yanggu " 8 1(12.5)
Inje " 25 5(20.0) 1(4.0)
Kosong " 6 1(16.7)
Yangyang 19 1( 5.3) 1(5.3)
Total 277 33(11.9) 40 14) 200.7) 1(04)

1) . - . .
The number in parenthesis means detection ratio.

intermedia 25(5%), Y. sakazaki 157(2.5%) % t}ekg} Yersinia
spp.7F EEsE e W =2 3A o &l Y. enterocolit-
{ca Ee] ZAbel] 23 981 Nam $(24)9] Ao ebg=eof
A 24.2%, F5-FolA 6.1%, Choi 5(25)%] 7R g oF4
ol 4] 75%, Lee(13)9] '98'd A &X 4 o4 65% 5 hak
g 2 wonE g 2 rAA Y g Edae] Y
enterocolitica 71 && 11.9%+« A2 7A&EE3 v]==3%t
B eh gl =3 259 V. enterocolitica AFEIL
2 2de] - wivtzy AW BT F 64 3196(14), 7
= 7= Eole] F el 4 204%(26) T TS 8 BEH
otk 4, o)A & Park S(8)°] TEYU ofA T F oA
EF-F 6.9%, FEF 15.4%, & 2 x| FH A 22 25%,
B%rt A=Wty B astglen, Lim $(10)& 27
25.6%, FX37) 17% 5 A G Fel| = Q8] EEx5e= A
2 23ty 34, 199991 2 daAdel A Alg s
ob A -2l Fef| A 2%, =lite el 10% 5 A 74 o)A 745
ol &% A EFA AL chekat FEE Vel 2 A
B Y. enterocolitica ¥ E2A)} B2 Rol e 5 Ful
AZEA L] o F-Fol Y BAET A e 28y Al
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Fhy A58 Y. enterocolitica 22| AHE Bd A AT
A 62 7AWl RelE g, AT 5, B -9 -H A
A FA T T 33y, e A 27, A A 5 670 AT
oA 7t 17 e] RejEe] Ao vhefgt FxE
vetlgdch 535 A9 #F A5 295 wlzZs) 29 A
o] HF 1.356 A, 1~25F)e] )3l TA Gl A= 3

T 267110 7, 1~5F)7F el =] EAAGRYE AE
A e Aol o 2n] B Fa e d By} o)ge
AFE AFA G AE 5ol 4 AT FAR 2A
bl Aol A8l kS E Foll FA =E2E 4 =37

f.4lo g zieg ALE®HTable 1).

BjtatHol whE Y. enterocolitica &2 vl BT}

ZAAwd 1870 Aloll4] AAF e 2 M2 277713771 A
H)o 2 HE wjopzlS Felsle] Aoy 25
& A-5}o] V. enterocolitica T2) B &S 418 45,
AR e | = 6.1%(9/14771)7F 225 wlw e 22
ol A= 185%(24/1304 )7 BEld e i AREE A%
# 3o] KOHE A& sle] CINujR] of] k22§t #2351

viehy¢ivHTable 2). o132 A3 Lee $(27)9] Yersinias
AT LC, 453h & A7 AR ueFd i) 35w F2
A&ES vepddols Buel vld A7E Addh

21" Yersinia spp. 385-2] A5 83 )44 2= Table
35} ztt}. Edward and Ewing’s(2)9] Y. enterocolitica 43 &
gt Aaba wlwa] B, 2 22]52] Z-$- indol, VP, inositol,
rhamnose S-of| 4] Zhz} 79,295 54.2%, 62.5%, 0962) ok w5
© 2 Bwing's 39.8%, 76.3%, 43.7%, 0% 4 r}i
apo]Z Bl 0} API test 3} 97%0] 48] Y. enterocolitica
o} dxes vrehdglict V. frederiksenii= omithine decar-
boxylase, VP, inositol, sorbitol %F4de] Z+7 100%, 66.7%,
3339, 100%.24] Ewing’s®] 100%, 98%, 81%, 100%:2} o
29 #o] & e gl end, 1}l A] urease, motility 52 A4
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Table 2. Comparison of detection method for isolation of Yersinia spp. from mineral spring water in Kangwon province

Nurnber of isolated Yersinia spp. (%)

Test method No. of samples

Y. enterocolitica Y. frederiksenii Y. intermedia Y. sakazaki Total
Direct isolation 147 9 6.1)" 100.7) 100.7) 11( 7.4)
Cold enrichment 130 24(18.5) 323 1(0.8) 1(0.8) 29(22.3)

YThe number in parenthesis means detection ratio.

Table 3. Biochemical characterastics of Yersinia spp. from
mineral spring water samples in Kangwon province
(numbers ig positive 26)
Y. Y.
entero— freder—
colitica iksenii

Y. inter- Y. saka-
media zaki
(n=1) (n=1)

Test or substrate

(n=33)  (n=3)
ONPG 95.8 100 100 100
Arginine decarboxylase 0 0 0 100
Lysine decarboxylase 0 0 0 0
Ornithine decarboxylase 87.5 100 100 100
Citrate 0 0 0 100
H,S 0 0 0 0
Urease 100 100 100 100
Tryptophane deaminase 0 0 0 0
Indol 79.2 100 100 100
VP (37°C) 54.2 66.7 100 100
Gelatine 0 0 0 0
Glucose 100 100 100 100
Mannitol 100 100 100 100
Insoitol 62.5 33.3 100 0
Sorbitol 100 100 100 100
Rhamnose 0 33.3 100 0
Sucrose 100 100 100 100
Melibiose 0 0 100 0
Amygdaline 100 100 100 100
Arabinose 100 100 100 100
QOxidase 0 0 0 0
53 548 AR5t
Y. enterocolitica2| & %4 3 MEH

Shide agglutination ¥ € AL2-8lo] Y. enterocolitica®
a5l F=)F 315F¢] diste] serotyping Al E-& A A8 2
3= Table 49} 2o}, 31'1-4 2T 5 0:580] 45(12.9%)

2 71 wsta, vhgez O ?ﬁﬂ 35(9.7%), 0:88 27
(65%), 0:9% 15(3.2%)2] solgo™ WA 2157(67.7%)
£ 2AYAA ol 49 FEYOEE SV BolA B

gkt o] Zhe Al Ff el 4] Lee(l13)7) A ST o E

Table 4. Bio-serotype patterns of Y. enterocolitica isolated
from mineral spring water samples in Kangwon province

. Biotype
Serotype A A B B z Total
0:3 1 2 1 39l
0:5 4 4(12.1)
0:8 2 2061
0:9 1 1( 3.0)
Untypable 15 2 2 3 21(63.7)
Total 22 4T 3 3 1 33( 100)

677" (12.1) (9.1) 91 (30

UThe number in parenthesis means percentage.

A Belgk FollA 0:38(33.8%), 0:98(123%)22 0:3
o] wo] =gt B39 Choi F(25)9] AdA| A &F
= 2] F 4] 01-02(25%), 05(16.7%), 09(16.7%)2] £
W a2 vehd WozekE ok Aol 2L} Lim $(10)
o] Al-§oll A} B2 Y. enterocoliticad il O:53(17.3%)
o] 713 o] Bl =l vhe Aae) Park 5(8)9] & 24 &3
FollA 0:53(16.7%), 0: 3% (83%) ¢22 =L
B yobe u)5gk 24 FEE Jepidde)h ¢4, 71 A S
AE) oA BE= Y. enterocolitica 315 & Fuku-
shima $(21)¢] Azlsbz 2404 <5 8708 =8 EF 2
T AEH 1A 0] 2252 71.08% 2 7H Bgky, 3A% 45
(12.9%), 3B3 35(9.7%), 1B8 7} 53 o] z+z} 15(3.2%)4
B3l ti(Table 5). £ A FE Lee(13)7F 279 oF
ol A B2 g Foll A 13(385%), 3A%H (10.7%) 5] ¥xE
soths B we) oiao] o] E ¥l o} Choi 5(25)9 7
Al e 4 B2 Fol 42 13 (58.3%), 3A% (16.7%) ¥ 2
Bael Park 5(28)9] 4 24 EelFoA 13 66.7% B.xef
= ¥s 8 E Yeliiadd

Ly

4 & ¥ Yersinia spp.o 385 o3t 1259

A A erd A A= Table 59 2ok #£2]9 Y. entero-
colitica 335-2] 739 ampicillin{Am), cephalothin(Cf), car-
benicillin(Ch)ol] 242+ 70%, 70%, 52% &9 ¥ W4 &
velyiglew veix] dAA dste] R Faed S o
ehfodek wbgd o, ¥, frederikseniie Am#} Cbell Hl5}ke] 100%
WAL et e V. sakazaki= Am, Cf & Chel] o 8}
10096 WAl S W3 Y. intermedia 15+ kanamycin(Kn)
o 100%2) WS Byt weld, Yersinia spp.9 2% ol
£ A R Am, Cf Y Cbe) 3 A <l 53] g A&
el it o) el 8) A3} Park S(28)0) AollA £e2|j Y
enterocolitica 12%‘—7]— Am, Cf 2 Chd| 22} 91.7%, 91.7%
9 835%9] 2 WAL Jehlidohe Zatet AdA| S o
+H 238 223 Y. enterocolitica 1275% 11957} Am=
Cfol WA & Bglehke 2a2ne) vl5d 438 vehiglol
9, Yersinia spp.d] 385l dak shAA ohA] WA« of
& A2 3} Table 6% 2t} Y. enterocolitica 3354 7
2 Am-Cf-Ch(39%), Am-Cf-5(3%) & Te-5-NA(3%) 3%
oA WA o] 4592 el Am-Cl 5 23 WA o] 30%¢°]
Rer, 15% e 12F A A o 2F eAdE el A
t} 718} Y. frederiksenii(3F), Y. sakazaki(1F=) A= Am-
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Table 5. Antibiotic susceptibility of Yersinia spp. isolates from mineral spring water samples in Kangwon province

Y. enterocolitica (n=33) Y. frederiksenii (n=3)

Y. intermedia (n=1) Y. sakazaki (n=1)

Tested antibiotics

sv I R S i R 3 i R S i R
Ampicillin (Am, 10 ng) 27 3 70 0 0 100 100 0 0 0 0 100
Cephalothin (Cf, 30 ng) 27 3 70 33 0 G7 100 0 0 0 0 100
Nalidixicacid (NA, 30 ug) 85 6 9 100 0 0 0 100 0 100 0 0
Streptomyecin (S, 10 Ng) 83 3 9 100 0 0 100 0 0 100 0 0
Tetracycline (Te, 30 pg) 94 0 6 67 0 33 100 0 0 100 0, 0
Tobramycin (NN, 10 ng) 100 0 0 100 0 0 0 100 0 100 0 0
Chloramphenicol (C, 30 ng) 97 3 0 100 0 0 100 0 0 100 0 0
Kanamycin (XK, 30 pg) 100 0 0 67 0 33 0 0 100 100 0 0
Gentamycin (GM, 10 ng) 100 0 0 67 33 0 0 100 0 100 0 0
Carbenicillin (CB, 100 pg) 39 9 52 0 0 100 0 100 0 0 0 100
Trimethoprim (5xT, 10 ng) 100 0 0 100 Q 0 100 0 0 100 Q 0
Ciprofloxacin (CIP, 5 ug) 97 3 0 100 0 0 100 0 0 100 0 0
YS: Susceptible (%), I: Intermediate (%), R: Resistant (%).
Table 6. Multiple antibiotics resislance patterns of Yersinia 20000 o] ZFdA] e 1870 Al Aol 4bA) g ZE A S 277

spp. 1solates from mineral spring water samples in Kang-
won province (numbers is resistance 26)

Multiple
antibiotics
resistance
pattems”

Y.
entero—
colitica

(n=33)

15
39

Y.
freder-
iksenii
(n=3)
0
67

Y. saka-
zaki
(n=1)

Y. inter-
media
(n=1)

No resistance
Am-Cf-CB
Am-Cf-5
Te-S-NA
Am-Te-CB
Am-Cf
Am-CB
Cf-CB
NA-CB
NA-Te

Am

Cf

CB

K 100

YAm: Ampicillin, Cf: Cephalothin, CB: Carbenicillin, NA: Nali-
dixic acid, S: Streptomycin, Te: Tetracycline, K: Kanamycin.
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Cf-Cb 3% 4 o] 27} 67%, 100%2] thA)| N A 7 g--& he}
Wl £ Aespelld 283 Yersinia spp.2] A4 WA
AL Lee(13)7F X3k Ael W Fedel A9 Amd} Cf
ofl 22t 8026, 95.4%2] W41 &7 Chell 50.8%] A &5} f-A}
T A8kS B9l 3, Choi S(25)0] A Eﬂ B2 32 Am, Cfell
7+ 91.7% WA ST w]Ldgl &3-2 Jehld.ov Park
=(28)0] A4 2 B Fof 4] AmaJr Cf ofl 91.7%2] WA &2
ehdl Aol fAalslgd ov) Am-Ch-Cf ohAl A& 789%
o) BaobE thAe] o) & Bol A WA S e
Wk
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£ooft 1L
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a1 =

& Zoll §40] F}3}
¥ Yersinia spp.8]

el Ad s 42N
stah7) Ashol 1990 3}

g =

AL A% F 73 FDARMY ¥} Bergey’'s manual2 F=

sted wejatal, jobod, ARARY O R FL Fel A
sgon] 22 ATH, YNY, 4FA FEARAL B &

A4 TR H3 ;t"}“'é— A A st e 27771
‘%""’ﬂ 4074 (14.496)N A} Yersinia spp7} $eldg e, &

Y Bl = 4045 A Y. enterocolitica 337 (825%) 2
7}ZL wol BElFg] e V. frederiksenii 45-(10%6), Y. in-
termedia 25(5%,), Y. sakazaki 15(25%) 2.8 a5 ¢
o} 2| 2 Y, enterocolitica E2] A& B A FGF),

QAZEF) F 14 FA A BT 2677 2ol g, o
WA @), FHAAF) 5 37 A= el BF 1357} 27
o] 7 2 W A Fe] EAA 2 42l #1820} A=

=2 FAEES veh ) vk o] WE Y. entero-
colitica 282 v w3ld A B85 KOHA = 3e] 214 CIN
B Z) o] 23 A Huf ok ol 4 & Er]g0] 6.1%°]% 3L, A
EE PSBBHlA] < 10°C, 104 7 A -&n oF F KOHZE A 2] 8}
of CINulA] o] 228 HeFdufofgela 185%2) £2]-&
& elo] AFage] M vls) 3 =2 THE
EFE Jeh e} @9, Y. enterocolitica 335 %t of
B (subtype) 24 23 AEH EZ= 1AF 0] 225(71.0%)
Z 7} 2k 3AF 45(12.9%), 3B¥ 35(9.7%), 1BY 7}

58 o] Zhzh 15-(3.2%) 802l e 83y FE= 0:5%0]
47(12.99%) 24 713 gekew] 0:3% 35-(0.7%), 0 : 88 25
(65%) 2 0:9% 15(32%)°1W L ™A 21F(67.7%)=
DAL gl o god wg 2212 Y. enterocolitica
8] 12 A6 W3 244 AEAANE ampicillin ce-
phalothin, carbenicillinell Z+7ZF 709, 70%, 52969 #] ¥4 &
Byl 7 YA nalidixic acid, streptomycin, tetracycline, to-
bramycin, chloramphenicol, kanamycin, gentamycin, iri-
methoprim, ciprofloxacinel] ™ &ted = o 5 7b24] & e}
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