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Characteristics on Yersinia spp. from Spring Water in Seoul
on Recent 5 years

Hee-Jin Ham', Mee-Jin An and Jung-hyon Kim
Seoul Institute of Health and Environment Research, Seoul 137-130, Korea
*School of Public Health, Seoul National University, Seoul 110-799, Korea

ABSTRACT — It was performed to investigate for Yersinia species from 2,841 spring waters in
Seoul, from 1994 to 1998. Of them, Yersinia spp. were isolated 86 isolates (3.3%). Of 86, sixty
two isolates (72.1%) were Yersinia enterocolitica, followed by Y. aldovae (11 strains), Y. pseudo-
tuberculosis (5 strains), Y. frederiksenii (3 strains), unclassified Yersinia spp. (5 strains). Yersinia
spp. were highest isolated from Nowon-Gu (22 samples) and Bukhan Mountain Park isolates (18
samples). We tested 1.186 samples for SPC and coliform from 1996 to 1998. Of these tests, the
positive rate of coliform was 23.6%, SPC, 9.1%, and either coliform or SPC positive 27.1%. The
positive rates of coliform and SPC were decreased 26.7%, 12.7% in 1996, 25.8%, 6.3% in 1997
and 18.1%, 7.6% in 1998, respectively. Of Y. enterocolitica, 78% was resistant to ampicillin and
carbenicillin. In the case of Y. aldovae, only 3 of 11 isolated were resistent to carbenicillin. Y.
pseudotuberculosis were resistant to colistin. Also Y. frederiksenii to carbenicillin. There were
many spring waters of Y. enterocolitica isolated from Nowon-Gu and Buk-han Mountain Park.
So, it needs to clean the environment of those regions.

Key words [] Spring water, Yersinia spp. Coliform, SPC
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2 2 Y. pestis, Y. pseudotuberculosis, Y. enterocolitica 3%
o] AlollAl WMo Av Aom dezon, o] F V.
pestist= BA M 2B AlFo|il FFH U
o7 enyt Q= AL Y. pseudotuberculosis, Y. entero-
colitica 27% ¥o|t}."” Y. pseudotuberculosis= °F2-1)
gz} WollA FAlof| Eelgog o] HoE Q3 FAY
Aol 1EHAL, Y. enterocolitica’r FE 3} Al
A FE AAE dodle deeedanes s
(FOPINE FH3ke £AY Fhawe) AFom 94

o

i

o

Ags doyl= AEE AMwtoltt. £3], Y. enterocolitica
T 344 49 2 ANz dg s 2gsteE A

AAre) ke HA YRS oy 3, HEE] Yelo) 5
71 sl e 7hEou oA E RS Y. enterocol-
itica?} AEEER o3 FEEo| H{1rt B & ok

EFY SFMEE, S0, e EELS Y. enterocolitica A
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o] Fg v Aels FAE] o, HA] e 1T &
T U SR deA vk =4 e A 7ok A
YA HZRE 50% oA Hl&E FE|Hi Jrk? oA
Uokde] 54 7kt Soldud AL, e 2roAx
At A, 4°CoaXE Z 2, oA QAT
BEZ F oM FAA AV olFe] ¥ #7} &4 B
¥z gt

& AT 19949 R E B & TA7E R A S
of B3t FR(@AFE A11ZF, 1995. 5. 1) 2Js) A
A& AA FFEY] gAYl LAAEE AV
SA AR E, dukald 59 LEAEAM T BA
g Aoz okl YAy EAHS AR EgT
T3 Aol 7} & Byt AstE e A4S =
Atgroz A geAlel ost A UolF TE-g ogstnat
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AENE W AESY

A" HAl

oA 1994478 1998d7HA] ozl FEH(ES
FFENA 22,8415 o R AAEAT. SEA A
= AeA Akel 257 - 9 SRR} ST JBE
FRAIAE 2, AEUTY, FFLULEY FollAl AEA|
BAAFAT Lol Al HAPE 9F =, AFH AAe =
Al YRR FASEA RS ALt dRdE 5|
199413 83171, 1995 82471, 199613 41671, 1997 3887,
1998\ 3827 5 % 2841730 T}(Table 1).

O{A|LO #Ee2l X &3

oAl ole] e B 548 Edward and Ewing's Iden-
tification of Enterobacteriaceae,” Bergey's manual of systemic
bacteriology” 5-& st #& F2] A3

oF 1 1(1995~19973744]) B-& 2 1(1998:1)E Millipore
Al AR E o] &3t 2 F 045 uml AR S ALE,
L9l 4373l & o]E KOH 0.1% *2]¥ 0.85% Salineol]
3027 AT FHS 9AIFE £, CIN(cefsulodin Irgasan
Novobiocin Difco, USA) Bl =]l 11 25°CollA] 4847+ Hl
Fo F GAEHE A e A9 & API 20E kit2

Aol oA ez e el AsAT

Table 1. Spring water sample number distribution (in
1994~1998)

year 1994 1995 1996 1997 1998 total
sample number 831 824 416 388 382 12,841

HEHRE U RS

th AT+ 28] 53 Lactose broth(Difco, USA) 10 miol]
ok 10 mlE HE38 ¥ 36°C, 48A)17F vljotste] Duhram
tubeol] 7}2A7} Z Z A= BGLB(Brilliant Green Lactose
broth, Difco))ollA] 36°C, 48A)17F Ajudsle] &2 5 59
A7t Jebd Ao &3] EMB(Eosin Methylene Blue,
Difco, USA) agarol| 4] streaking3le] £ 2al$ M2
e} A5 e Heslod Gram staining L 4] B
7S BTz SAUL.

dubAldrs Al AA 1mlg A ste] 23 AES
i 3ufel Zbzb BEjsla 108) ©A A6t BYEH
B33 & plate count agar(Difco)S pouring methodo)] 2
o 20 mi¥ BEgoR WEel @ & 36°C, 4847 M3t
o colony counter(Chang shin scientific co., Korea)ol] 2}3}

counting-& A AT}

O{AlLiOkSR o] SN 24 AlIE

A 2H Al AE2 Bauer 579 disc diffusion method
o 9t AT} A A== BBLAY] Ampi-
cillin(Am:10 pg), Cephalothin(Cf:30 pg), Nalidixic acid(Na:
30 ug), Streptomycin(S:10 pg), Neomycin(N:10 pg), Tetra-
cycline(Te:30 g), Tobramycin(NN:10 pg), Colistin(CL:10
pg), Chloramphenicol(C:30 pg), Kanamycin(K:30 pg), Genta-
micin(GM:10 pg), Amikacin(An:30 pg) = 12%9] A&
AL8-3193 © ] NCCLS(National Committee for clinical La-
boratory Standard)e] 7]&¢]| o|dle] HAsIYTt HE TN
L Tryptic soy agarol|A] 37°C, 24A)7F vjeks}al, Mueller
Hinton brothollA] 37°C, 8A}ZF uioFst & Mueller Hinton
Agarell Ayl Wi o7 FHNS HE L disk dispensorgl
Sensi-Disc(BBL, USA)| o3 z}z}o] 3AUA| diskE &
& F 18~2447 lPet T 1 BTE BESjeT.

AlEzat ¥ g

22| HAILOESTES BE U MEH ol Zn
1994355 1998 37H2] & 2,841709) AAE HANS 4
5} Table 25} o] S AIVJo}5 3 86%(3.3%)7} R2l= 2t}
o] 2 Y. enterocolitica’= 627(2.2%)% Gonul 70| ¥ 313+
5~6% Bube= e ejE&S Btk 39, AE 29 Y
enterocolitica= ZA| 86&-2]d FollA 625(72.9%)= 713
o] BAHA3, Y. aldovae 115:(12.8%), Y. pseudotu-
berculosis 57(5.8%), Y. frederiksenii 35(2.7%) <=o|%l2.
], 815X e 7k SFYCE A9 Y. enterocolitica
B8 199493 72.7%, 19953 55.0%, 1996\ 72.7%,
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Table 2. Distribution of Yersinia spp. from spring waters
in Seoul (1994~1998)

Table 3. Microbiologically Inappropriateness of spring wat-
er in Seoul

Year 1994 1995 1996 1997 1998 total(%) 1996 1997 1998  Total
Y. enterocolitica 16 11 8 2 25 62(729) SPC(over 100/ml)  53(12.7) 26(6.3) 29(7.6) 108(9.1)
Y. pseudotuberculosis 1 2 1 0 1 5(5.8) Coliform 111(26.7) 100(25.8) 69(18.1) 280(23.6)
Y. aldovae 5 4 1 0 1 11(12.8) Inappropriateness

Y. frederiksenii 0 0 0 0 3 327 of gﬂcir oo 120(30.3) 10928.1) 86(22.5) 321(27.1)
Unclassified 0 3 1 1 0 5.8

Total 2 20 11 3 30 86(100)

19974 66.7%, 1998\ 83.3%% HEAHL & 4 Art A
A B2l oA Yo} 5 FollA Y. enterocolitica®} Y. pseu-
dotuberculosisi= 677(78.7%Y8 A 3H3 Tt
—‘?315‘ oA o} 2] A9 §E= Fig. 13} 29dt.
AT 2270, B3E 184 b usken, 1 H®
a1 AN 242k G, P, A2 T 712 S
]94 ok;‘q:rL ?TLi:[Ll—_ 47HM1 A«]E:TL _0__\7:1?-‘:. 37}]4&1
T, BATE A2 2N, AT, AR, B, §
A, 1 A, AET T2 247 3 #2590

MEAIY 2| LHX EMIT

199613 5 1 1998137} 11867401] tﬂo}oi AHF ok
AA F LAAFA TR ditAlTF AT 2 T
Fdee Table 33 Zgkel. it A 23.6%, Uyt
A RAGL 9.1%, ikdld T8 YT Fgoz 3
HE BAe e 7o MA 1,1864 F 32171402 27.1%

Aot AR E didatao] 19964 26.7%, 19974 25.8
%, 1998d0] 18.1%F ZAdte Aoz vyehtw, JubAlF
£ 19964 12.7%, 19973 6.3%, 19983 7.6%= thAl= 7+
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Fig. 1. Regional distribution of Yersinia spp isolated in
Seoul (m: spot isolated Yersinia spp).

AL U=

H Ak e iﬁ#—f'cfz—& Table 49} 24t 5 50
CFU/m! ©|3}7} 80.4%, 51~100 CFU/mI7} 10.2%°|91
5,000 CFU/m! o]/}9] oF% 199613 271(0.5%), 19974 3
71(0.8%), 19983 = YRR & 5, A 1,1867 &
0.4%2) 570 =it dubAFErE 101~500/mi9) A
& 5.6%= vk 5P] 2V 1.7% Bt =9k, 501~ 1000/
mi¢) RE 22%=2 v =% A} 10.0% Br)F v¥elon],
A DA 2 3HEe vk TV 1991d AL 70.0%
Hrhe 94%2 o9 @d P ES Veho] 1 Bt o
gol oigt e fAdele Axetn Azbdc. w3t
19913 Fhetell Al Anon”o] ZALEE 72% BTt ol -2

utet ofrE rAwev 2 Ha e Aoz i‘lﬁk fisi
ulb =9 19913 oF5E] ko) g YA E A9

61.7%=A) 199613, 1997, 19981 7}A] &) ig-&']{ 23.6%
Brhe mol 11 Fte] HAE I neFa
t}. SPCe] FX & BAXOR AHEH, ALY LE F3
B oA 25%0l S5 x]7F 19961, 19974, 1998
zZ}z} 4, 4, 00.2 VR 1, 75%9) sidEE %7} 48, 31,

E g0
5
lﬂ =]
ﬂo_l’
C R

Table 4. Distribution of SPC in spring water (1996~ 1998)

Item 1996 1997 1998 total

less than 50 311(74.8) 327(34.3) 316(82.7) 954(80.4)
51~100 50(12.0) 34(8.8) 37(9.7) 121(10.2)

101~500  42(10.1) 16(4.1)  92.3)  67(5.6)
501~1000 6(1.4) 3(0.7) 17(4.4)  26(2.2)
1001~5000  5(12)  5(13)  3(0.8) 13(L1)
more than 5000  2(0.5) 3(0.8) 0(0.0) 5(0.4)

average 157.0 159.4 60.0 125.5
min~ max 0~-20,000 0~18,000 0~1,300 0~13,100
value of 25% 4 4 0 2.7
value of 75% 48 31 24 34.3
Total spring 46 388 382 1186
water

*Parenthesis was percentage.
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Table 5. Relationship of Coliform, SPC & Yersinia spp. in spring water (1996—1998)

415

Item 1996 1997 1998 total
coliform positive 111 100 69 280
SPC (>100/m/) positive 53 26 29 108
Yersinia spp. positive 8 2 25 35
Coliform 72(56.3) 83(76.1) S51(51) 206(60.9)
SPC (>100/mi) 16(12.5) 9(8.3) 16(16) 41(12.1)
Yersinia spp. 2(1.6) 0 13(13) 15(4.4)
Yersinia spp.+coliform 0 0 7(7) 8(2.4)
Yersinia spp.+SPC 0 0 1(1) 1(0.3)
Yersinia spp.+coliform+SPC 1(0.8) 0 5(5) 6(1.8)
Inappropriatenessof Yersinia*, coliform, or SPC 128 109 100 338

*Yersinia spp. positive is limited with Y. enterocolitica or Y. pseudotuberculosis. Parenthesis was percentage.

247 UER, AT 4% 20,000, 18,000, 1,300 507
Zvzy el 5 OatAlT AREREY Al dA8ks
B 2 olth, 27) 9119 X% 11, 8, 5= VeRda, §i
X &= Z}ZF 157.0, 159.4, 60.0 50|90}

Yersinia, coliform, SPCol| tf3at <k=E] 7|5 HAge
Table 59} Ztvl. & v @5 F43 o] 60.9%, U]
Tzt gukalite] B FAg o] of Ao} 3]l Aol
18.0%, Autal D}%O) FARR Ae) 12.1%, AAAYo}

4 gto 1 S OE Hol 7} #ke] AL
o2 Ec’lﬂ, 0194 oAl ol FAER] A Fofl o
of

AFrE EAlo] B o) 2.4%, )it YUk
o] B FAge) Zo] 1.8%2 vhehdt whd, euka et
A BAEQ AL 0.3% 13-

O{AlLole| Mty K3

welel oA olael Swd WA AR
Table 63} 7-¢}t}. Edward and Ewing's Identification of
Enterobacteriaceae¥2] 229} H|wslo] E A3}, Y. entero-
colitica®) <)%= Ornithine decarboxylase, Inositol, Salicin
Xylose 0] 247t 40.5%, 59.5%, 72.0%, 100% S5 2.2 e}

ONPG, VP 37°C, Inositol 5-©] 22t 33.4%, 100%, 33.4%
o2 e, Ewing9 100%, 0%, 90.0% 53} xfo]& H.

ATt

gH W 5] Bwing® zlol& 2YQA Y. enterocolitica
o] A19] Indole2- 60.0%, Y. pseudotuberculosisol~12] Mo-
tility 37°C+= 100%, Arabinosei= 50.0%, Y. aldovaeol| A 2]
Maltose= 27.3% 5 o2 eI} Ewing®] 39.8%, 97.1%,

46.4%, 23.0% T3} ¥ o)

chepi]

o= @k ot

Y. enterocolitica®| A 2] Xylose9to] 100%= 1}Elt ¥ %“
3} A FAES VBRI T o] 47.5% %A EwingD

58 2ol 2 YER.

Za|E oA|Hok=e| M 2+ AlEnt

Zy 5d A B A 29 FAA S s

iz dEel T3 REE

Table 7 2 Table 83 7+ttt

LA AlPoll AR = Y. enterocolitica 627F F

50=F, Y. aldovae 115,

deriksenii 37+ 502 X

Folurt. &

¢} Y. enterocolitica 12—7«% xﬂg] AAT}. o) E

3 100% S Bl #57)

AN = g & vreERA]

pseudotuberculosts 5, Y. fre-
54 e 5F

F ojwl &4

U} Ewing®l 93.2%, 0.9%, 22.9%, 47.4% S 1} z2}ol& B
3L, Y. pseudotuberculosisol|4]+= ONPG, VP 37°C, Rhamnose,
Melibiose, Maltose, Sorbose, Cellobiose F°] Z}z} 50.0%,
100%, 50.0%, 0%, 60.0%, 80.0%, 20.0%%° 2 e},
Ewing &} 91.3%, 0%, 100%, 90.0%, 100%, 0%,0% %3} =}
o] BTt L3t Y. aldovaed| A= ONPG, Ornithine de-
carboxylase, Rhamnose, amygdaline, salicin, sorbose, cel-
lobiose &©°] Z+z} 14.3%, 0%, 0%, 28.6%, 36.4%, 100%,
27.3% S o2 JeR} Ewing® 0%, 100%, 98.0%, 0%,
0%, 0%, 0% T3 2olE R, Y. frederikseniiol A=

Y. enterocolitica 1/50, Y. aldovae 8/11, Y. pseudotuber-
culosis 2/5, Y. frederiksenii 0/3 5 0.2 Y. aldovae'= |5
AREE RS WIS HolA &2 o] 54l
Y. enterocolitica’= Cfel] 6/50, CLel 1/50, Am-Cfel] 37/50,
Am-Cf-CL, Na-S-K, Na-S-N-K, Am-Cf-Na-Col] z+z} 1/
509 AS R, o 71-d Am-Cf7} 37/50(74%), Am-
Cf-CL, Am-Cf-Na-C7} Z+z} 1/502.0%)2 A A< 0.2 78%
9] Y. enterocolitica7} Am3} Cfoll jAES Vehlo] ¥ 5P
A 5" o 5" Uxjetga, B-lactamase’} ¢lE Y.

pseudotuberculosis®} &) penicillino]v} 1 F-EA0) Lyt
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Table 6. Biochemical characterastics of Yersinia spp. iso- Table 7. Antibiotics Resistance of Yersinia spp. isolated
lated from spring water in seoul (1994~1998) from spring water in seoul
* bers i itive %
(*numbers is positive %) Tested disks Y. en- Y. pseu- Y. al- Y. frederik-
Test or Y. entero- Y. pseudotu- Y. al- Y. frederik- terocolitica dotuberculosis  dovae senii
substrate colitica  berculosis  dovae senil Ampicillin 0.0 0.0 182 66.7
ONPG 78.6 50.0 143 334 Cephalothin 92.0 20.0 273 1000
Arginine 0 0 0 0 Nalidixic acid 8.0 0.0 0.0 333
decarboxylase Streptomycin 4.0 0.0 0.0 333
Lysine 0 0 0 0 Neomycin 2.0 0.0 0.0 333
decarboxylase Tetracycline 0.0 0.0 0.0 0.0
Ornithine 40.5 0 0 100 Tobramycin 0.0 0.0 0.0 333
decarboxylase Chloramphenicol 4.0 0.0 0.0 333
Citrate 0 0 0 0 Colistin 4.0 60.0 9.0 333
H2S 0 0 0 0 Amikacin 0.0 0.0 0.0 0.0
Urease 100 100 100 100 Kanamycin 4.0 0.0 0.0 66.7
phenylalanine 0 0 0 0 Gentamycin 0.0 0.0 0.0 0.0
Indole 60.0 0 0 100
MR 37°C 90.0 100 72.7 100
25°C 66.0 100 63.6 66.7 . . , .
VP 37°C 9.5 100 28.6 100 Table 8. Multiple Resistance patterns of Yersinia spp.
Motility 37°C 2.0 64.0 0 60.0 Multiple Resistance Y. entero- Y. pseudotu- Y. al- Y. freder-
25°C 0 90.9 0 100 patterns colitica  berculosis dovae  iksenii
gelatine 0 0. 0 0 . 5 811 0
glucose 100 100 100 100 o Resisance égg 5 1 s
Mannitol 100 100 100 100 cL 1/50 25 i N
Inositol 59.5 0 429 334 Am-Cf 37/50 ) 211 A
Sorbitol 100 0 100 100 ’
. Cf-CL - 1/5 1/11 1/3
Adonitol 2.4 0 0 0
. Cf-Na - - - -
Dulcitol 0 0 0 0 Am-Cf ) ) A N
Rhamnose 7.1 50.0 0 100
Am-Cf-K - - - 1/3
Sucrose 97.6 0 0 100
O Am-Cf-CL 1/50 - - -
Melibiose 2.4 0 0 0
. Na-S-K 1/50 - - -
amygdaline 100 0 28.6 100 Na-S-N-K 1/50 ) ) N
Arabinose 100 50.0 100 100
Am-Cf-Na-C 1/50 - - -
Mannose 88.0 60.0 90.9 66.7
Salicin 720 20.0 364 100 Am-CENa-SK ) ) ) )
C . .
: -Cf-S-N-C- - - - 1
Raffinose 4.0 40.0 0 0 Am-CESN-CCLK £
Maltose 90.0 60.0 27.3 100
Xylose 100 100 100 100 okoks1, ol W EV9) Axtel AXF). Y. pseudotuber-
gfegglose 1820 1‘;80 188 }gg culosis'= CLo] 2/5, Cf-CLo] 1/5% UehstiL, Y. fredenik-
orbose . . ce
Cellobiose 94.0 20.0 273 66.7 senii¥= Cf-CL 1/3, Am-Cf-K 1/3, Am-Cf-S-N-C-CL-K 1/3
oxidase 0 0 0 0 Zo 2 7tz Jepygtt, olF B3] Y. frederikseniis 3F &
T AR WS 2 Y RO e, o] o)A
Hoz Aol e AR eyttt Y. aldovae= T Cfe 3% B UlAd& Jerith

Am-Cf 2/11, C£CL 1/112 Vel 25 AL so)x|
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2R

L2l AR QAN A datal, HeA] 2 SBAEE obE A 2,84171(1994~ 1998)
o el AAUckE PAE ANaTh AA} AT 865(33%e ANl #Hst HelEdm, Y.
enterocolitica s AA| 865 oJA|Uol&T & 625(72.9%), Y. aldovae 117(12.8%), Y. pseudotuberculosis
55(5.8%), Y. fredeniksenii 35:(2.7%), 1] &3 55(5.8%)1c}. Y. enterocoliticas 19943 72.7%, 19953
55.0%, 199613 72.7%, 19973 66.7%, 19983 83.3% SO 2 ZA\do g Zrlelytt A g2, w4+ 2270, &

P e 1802 P wkew, 1 AR
3L, R, FETE VY T2
duk Al

FHF, MAEE7E 22 ol B, A zTE 24 57 ol
AT T3 G A 2,841 FA 118671 (1996~ 1998)] th &
T, NAFE AL 23 UgT7 FAE-E 23.6%, Dok BAZ(100 CFUC A /mI)yS 9.1%, YRkHTF

BAS Ei= AT Q) AL 1,186 F 321728 27.1%0|Act. AEH 2E Aol 19961 26.7%,

1l

19973 25.8%, 19983 18.1%= Ak 2 EE YeEbd 1, Yubddx 1996 12.7%, 19974 6.3%, 1998 7.6
%= AR daste Aag VHeR, ekrrol digh @87t /i E D e o2 BRI 3 w7 A
7}--d] 0~49 CFU(colony count unityml7} 80.4%, 50~99 CFU/mi7} 10.2%°]] a1, Y utAld %A 7126 5,000
CFU/ml ©]39] ek% 19961 271(0.5%), 1997 371(0.8%), 199810 1} o4 9= =, A 1,1864 3 04%
Q1 570 vgt}. 72t #5 FAUA A AR AN Y. enterocoliticat= Cfol) 6/50, CLoY 1/50, Am-Cfol 37/
50, Am-Cf-CL, Na-S-K, Na-S-N-K, Am-Cf-Na-Col] z}z} 1/509] yiA& BA 7, Y. aldovaet= Am-Cf 2/11, Cf-
CL /112, Y. pseudotuberculosist= CLo] 2/5, Cf-CLo] 1/58 Jelwtow, Y. frederikseniix= Cf-CL 1/3,

Am-Cf-K 1/3, Am-Cf-S-N-C-CLK 1/3 5-<

242 WS BeIT o) 3S $RSE, AR R QAR

St A aEm glol AAReRE ofdl tig Belrl FolxlE Ao w o, A e daloldo]
=AT TG HE4 FYTY FHA O 4 EHo] o ol U@ o] AU a7H T e, oz

T 224 712 2R Hd A sl Y. enterocolitica7} 2ol

o tig e/} 278 7 2l

Sl Aoz UEht, 3ol 2l So 4w ALg

CRAE, = MeRRAY FEAdA FEd Y-
ersinia Z3tol TE AT, $AWSHH A, 24(1), 141-
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