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isolated from feces in zoo animals
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Abstract : Feces samples, obtained from zoo animals around Seoul, were examined for the isolation of Salmonella

species, bioserotype and drug resistance for the prevention and treatment of salmonellosis, Salmonella spp were
isolated 19(4.7%) from 408 samples of zoo animals. The subspecies in 19 Salmonella were all subspecies 1. The
serological identification of Salmonella isolated were 31.6% in Sal typhimurium, 26.3% in Sal hadar, 21.1% in Sal
muenchen, 15.8% in Sal enteritidis and 5.3% in Sal ayinde. The antibiotic resistance of Salmonella isolated were

13(68.4%) strains. The multiple resistant patterns of antibiotics in Salmonella were 2 drugs- and 3 drugs-resistance
30.8%, respectively. The transferred rate of resistance to recipients(E coli ML 1410 NA') in Salmonella was 38.5%.
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g ANAe 2= B FAEA A7) Qo] dd]
DNAE lolEdegH Arle ¥AA3(wansfor-
mation), 4}slie] @.3}o}2](bacteriophage)7} wij7lsl=
3] A % ¢(transduction), 28] & Zu}Au] = (plasmid)7}
oi7lsted  FAIZES] Hgdel o2& AdEHe AE
(conjugation) o] ¢eIA| glom, 53 2 ATl
slol A w4 $4EH2 R URloll 3 oA
WA Aol 7ba go] o]Fol# Salmonella, E coli,
Shigella 5 Klebsiellacll Al 70%7} A& 53 o Al
ol A 71 ik, A Aol i R AAke A
=hA 2 19506 o) Yol Bel® ShigelladollA M2
B H38 o]F Aty Uil 7138 Ul o A AH
o2 g8 |7} o) FoiA g
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v # 5o AF 9 Aol o ARdelgol 7HiE
271 £3 S4e AEE FEEHE 7Y 2498
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gl A 74x7) ol £ BE WA A B AEE
oA Betg B3 Ad2g AFHE Folv] A8 =HA
A A7|7 Agspe] Ay X 89 ot EH o2 4
AERE v Foi&Al slo] o]F Aol FHAS
e HAEAZE SEAS 9 Agdeld %
FA7E = 5 9l

wEhA B AYL AT FEUNA AR FU X
857, 2%, FE59] B4 ArdelFg e F
Alstod zhzte] BEYHYI AP S sk g Aol
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£ 9sle] M2& B Ewing?) Wy ol whe} A1y
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ADdE MEY I HYY : Eeld ARdeE 195
o thah WEHT} YAYL Ewingd] Wf”ez H5F
EAsdc)

SARE LA HAL : E2d ARdetol oig
GAEY 754 HAE  amikacin(AN; 30meg),

ampicillin(AM; 10mcg), carbenicillin(CB; 100mcg),
cephalothin(CF; 30mcg), chloramphenicol(CM;
30mcg), gentamicin(GM; 10mcg), kanamycin(KM;
30mcg), nalidixic acid(NA; 30mcg), neomycin(NE;
30mcg), streptomycin(SM; 10mcg), tetracycline(TE;
30mcg), tobramycin(NN; 10mcg)s E5F 12F(BBL)
o] 44EAE Agsled Bauer 52 Haz Hab el
3tod Agsiodct. & AgFHE MacFarland No. 0.
5 ¥ ZH] (1% BaCl, 0.5ml + 1% H,SO, 99.5 ml:
10°CFU/ml)ol] 33 Mueller hinton agar(Difco}&
Hsted 45-50T2 48] ¥ 27 90 mme| FF HE
grl4el 20mly WX & F3 23 o BT 58
5 THE wiR] AAol Witeh. 1083 HXAA A
o #71% FFAZ F d23E iR HFee
37CoNA 18Xk Ft et wHLFE zone
reader(Fisher products)Z A|tHe] =71E FA3 o
NCCLS(national committee clinical laboratory
standard)7] &l s WA A4S B

OFFILHY MEY Al : ARTFS FAATTEF(E.
coli ML 1410 NA"}E Z}7} brain heart infusion broth
(Difco) 5miell HF3}dc}. 37 TollA] 4417 wiFst &
AQFD AL FE 149 vl E2 ERAFT 37Tl
A 1847 R Fe Ads WA At
nalidixic acid®& 30 pg/mi#] 58 wizlol BE o
T 37Tl 1817 wliksted AR {52 A
AL BT

d I

Azdelsre| 22|80 7EY B2 : oflEFEY
o4 A2 detFe) 2EEL Table 17} ek, 4%
k= & 408719 ofBFE B4 195(4.7%)7}
AEHon, FTEHEE ERF 37671 F 1854
8%)7+ LelHla 2F 19464 shte Fel=A
skt AEFOAE 131F 12(7.7%7F A28
o.
3 opYFE A AREtd HE8E Table
29} ek KA 1555F 175-(11.0% )0l 4] AR e}
7} AEE Yo, A5 1307F 17(0.8%)d14 A4
T 1235F 17(0.8%)oll A AR dekrt &=

Arde £ YAHH X5 & Table 32 7}
Sal typhimuriume] 65F(31.6%)2 7}4 o] A&
o, Sal hadar 55(26.3%), Sal muenchen 45(21.1
%), Sal enteritidis 35-(15.8%) 12|13 Sal ayinde 15(5.
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3%)eldrt. FEHE= SRl Sal enteritidis 15
gro] ASHAL, UPIx| FHE BF E4FI4 A2
Sgich. ¥R EEA4EzE $A56l4 2ad
Salmonella spp= Sal typhimurium 63-(35.3%), Sal
hadar 53(29.4%), Sal muenchen 43(23.5%) % Sal
enferitidis 23(11.8%)0]3lom, ZAgollAE  Sal
ayinde 17olQem, AAGolH Ha® FE& Sal
enteritidis 150},

A2l subspecies : Ee|d ARdg 1959
Table 1. Isolation rate of Salmonella spp isolated from

feces in zoo animals
No. of tested

Speci No. of isolated
pecies

animals strains(%)
Mammais 376 18(4.8)
Birds 19 0(0)
Repriles 13 1(7.7)
Total 408 19(4.7)

Table 2. Detection rate of Salmonella spp in zoo ani-
mals classified by eating patterns
No. of tested No. of isolated

Species

animals strains(%)
Herbivora 130 1(0.8)
Omnivora 123 1(0.8)
Carnivora 155 17(11.0)
Total 408 19(4.7)

Table 3. Identification of Salmonella species isolated
from zoo animals according to eating pat-
terns

Eating patterns
Carnivora Herbivora Omnivora

Species Total (%)

Sal typhimurium 6 6 (31.6)
Sal hadar 5 5 (26.3)
Sal muenchen 4 4 (21.1)
Sal enteritidis 2 1 3 (15.8)
Sal ayinde 1 1(5.3)
Total 17 1 1 19

speciesy= &% subspecies 182 E-2|=gic}.
NDURIETO) ASHEE MAL : obUER BlolA
Helgt Ardal 1959 #F5H ARA A44L
Table 49} Zr}. Sal typhimurium 65+ MR,
Simmon's citrate, motility, lysine decarboxylase,
ornithine decarboxylase, mannose, dulcitol, sorbitol,
arabinose, rhamnose, maltose, xylose, trehalose,
mannitol, nitrate reduction A|¥o}A] 25 FAIHESS
ehliglar, indole, VP, urease, phenylalanine,
malonate, lacfose, sucrose, salicin, adonitol, raffinose,
ONPG AlgelldE 2F SAHH-S e ed,

arginine decarboxylase, inositol ¥F8-2 33%2] kAl
& JeliAe}. Sal hadar 55+ MR, Simmon's
citrate, motility, lysine decarboxylase, ornithine

decarboxylase, mannose, sorbitol, arabinose, rhamnose,
maltose, xylose, trehalose, mannitol, nitrate reduction
Aelld 25 e UeNIRE, indole, VP,
urease, arginine decarboxylase, phenylalanine,

malonate, lactose, sucrose, salicin, adonitol, raffinose,
ONPG AlgoldE 2% SA4AUEE Jehigien,
dulcitol®} inositol ¥F-2-2- Z+7} 20%9} 80%2) okAdulg-
2 e}, Sal muenchen 45+ MR, motility,

lysine decarboxylase, arginine 3 ornithine

decarboxylase, mannose, sorbitol, maltose, nitrate
reduction A|goll4 25 FAWHES vERARIE, VP,
urease, phenylalanine, malonate, sucrose, salicin,
adonitol, raffinose, ONPG A|goll4E EF S44HS-
2 JeER el indole(25%), citrate(50%), lactose
(25%), dulcitol(50%), inositol(50%), sorbitol(75%),
arabinose(50%), rhamnose(50%), xylose(50%),

Table 4. Biochemical properties of Salmonella spp iso-
lated feces in zoo animals

ltem Sal Sal Sal Sal Sal
hadar  enteritidis  ayinde  typhimurium _muenchen
Tndol S0 V() -0 -0 V()
MR +(100) + (1000 + (100) + (100) 4+ (100)
VP -0 =@ - -0 - (0)
Citrate +(100) V (67) 4 (100) + (100) V (50)
Urea -0 - -0 -0 - {0
Motlity +(100) + (100) + (100) + (100)  + (100)
Lysine + (100) + (100) + (100) + (100) + (100)
Arginine -0 -0 -0 V@) -0
Ornithine + (100) + (100) + (100) + (100)  + (100)
Phenylalanine - (0) - (0) - (0) - (0) - {0}
Malonate -0 -0 -0 -0 - (0}
Glucose + (100) + (100) + (100) + (100)  + (100)
Lactose S V@3 - - V(5
Sucrose S0 - - - - (0
Manose  + (100) + (100} + (100) 4+ (100)  + (100)
Duktol  V (20) + (100) + (100) + (100) V (30)
Salicin -0 - -0 - - (0
Adontdl - (0) - (0  -(@ -@ -
Inositol V80) -(0) 41000 V(33) V{0
Sotbitol +(100) V (67) 4 (100) + (100) V (75)
Ambinose  + (100) V (67) 4 (100) + (100} V (50)
Raffinose -0 -0 =@ -0 = (0
Rhamnose  + (100) V (67)  + (100) + (100) V (50)
Malrose +(100) + (100) + (100) + (100)  + (100)
ylose +(100) V (67)  + (1000 + (100) V (50)
Trehdlose  + (100) - (0) 4 (100) + (100) V (50)
Mannitol 4+ (100) V (67) 4 (100) + (100) V (50)
Witrate + (100) + (100) + (100} + (100)  + (100}
ONDG S -0 - - -0

+: more than 90%, - less than 10%, V: 11-89%,
() : percentage of positive reactions
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trehalose(50%), mannitol(50%)2 chkdt %A wkS-8
viehiigich. @3 Sal ayinde 15+ MR, citrate,
motility, lysine, ornithine decarboxylase, mannose,
dulcitol, inositol, sorbitol, arabinose, rhamnose,
g v}e}
w2}, indole, VP, urea, arginine, phenylalanine,

maltose, xylose, trehalose, mannitol2 k442

malonate, lactose, sucrose, salicin, adonitol, arabinose,
ONPG HH3-& 248 Jehigich

SMEE 5N MF : of BT BN Eald AR
ghol gt SHEA A4 AHL Table 59 e}
At e} 195 TEe diste] 63.2%2 7H ¥ W
A1g Yelion] SM 52.6%, KM 15.8%, 18|31 AM,
CB, CM, NEoi| tste] ZH2} 10.5%2] HARS B3l
o] AN3} GMoll digt WAl &L 5.3%8 7 Jgleh
CF,NA g NNojli & BE 3571 24 S Eiid.

CHAILHY 24 : opJEEolA Eeldt 4R dads]
chAA] k42 Table 63} vl & 4Rzl WA
Table 5. Antibiotic resistance in Salmonella isolated

from feces in zoo animals

Antibiotics No. of strains (%)
Amikacin(AN) 1(5.3)
Ampicillin(AM) 2(10.5)
Carbenicillin(CB) 2(10.5)
Cephalothin(CF) 0(0)
Chloramphenicol(CM) 2(10.5)
Gentamicin(GM) 1(5.3)
Kanamycin(KM) 3(15.8)
Nalidixic acid(NA) 0(0)
Neomycin(NE) 2(10.5)
Streptomycin(SM) 10(52.6)
Tetracycline(TE) 12(63.2)
Tobramycin(NN) 0(0)
Total 13(68.4)

Table 6. Multiple antibiotic resistance patterns of Sal-
monella spp isolated from feces in wild ani-
mals.

13% & 105(76.9%)7} 2714 0|49 dhai Aol oAl
A-g JeRYIL, 6HWAF 25(15.4%), MW 45
(30.8%), 2MWAF 45(30.8%) 2 FAMRALFE
35(23.1%)3ch. WA F-E SM-TE W4 Fol 45(30.
8%)i2 7} wekeni, TE, CM-SM-TE, AM-CB-KM-
NE-SM-TE WAH# 7+ 23(15.4%), AM, GM-SM-TE,
KM-SM-TE WA # 7+ 13(7.7%)ol 9}

LA HE : ok WA ol gk A A A1y A
£ Table 73} Zoict. & Axdele] g4ER HAT
13%% 55(38.5% )7 W4 H2g Jehlislen CM
I GM WAL 100%, AM WA 50%, zels TE WA
25%} B ARGl A A= AN, CB, KM, NE &
SMoll diaiA e Ad4dS vhehilAl bt 8 WA
Ao v Ak Table 874 29kch. AR
dales WA AYd 55F AM, CM, TES] AWy
AGF 7+ 13(20.0%), CM-TE, GM-TE W4 A2F
7} 15(20.0% )%t}

Table 7. Relationship of the transferred resistance in
Salmonella spp isolated from feces in zoo an-

imals
No. of No. of  Rares of
Antibiotics resistant  transferred

isolates _isolares _transfer
Amikacin(AN) 1 0 0
Ampicillin(AM) 2 1 50
Carbenicillin(CB) 2 0 0
Cephalothin{CF) 0 0 0
Chloramphenicol( CM) 2 2 100
Gentamicin(GM) 1 1 100
Kanamycin{(KM) 3 0 0
Nalidixic acid(NA) 0 0 0
Neomycin(NE) 2 0 0
Streptomycin(SM) 10 0 0
Tetracycline(TE) 12 3 25
Tobramycin(NN) 0 0 0
Total 13 5 38.5

Antibiotic resistance No. of strains (%)

patterns

AM 1(7.7)

TE 2(15.4) 3(23.1)
SM -

CF TE - 4(30.8)
SM TE 4(30.8)

CM SM TE 2(15.4)

GM SM TE 1(7.7) 4(30.8)
KM SM TE 1(7.7)

AM CB KM SM TE 2(15.4) 2(15.4)
Total 13

Table 8. Transferred multiple resistance patterns of
Salmonella spp isolated from feces in zoo

animals
Transferred resistance No. of transferred

patterns isolates

AM 1

CM 1

TE 1

CM TE 1

GM TE 1

Total 5

— 270 —



I &

& Agellq Axdele ofEE £ 4087004
195(4.7%)7} A&=Qe). o]& &) 1981 i+ &
AEUolA A 59 20359 FF FuolA Helg
257(1.0%) Boh 2 AEgodcth oloh e AAe
ASEE &5, ASAY, 4S84 94 AR
A2 gz qifeg Az B Ago)A 89.5%7}
FArollA] EelEgict. o] A €9 100% KA
oA Ardart felg Aael fAsldc 7] 7
S Ardel AEES @7 EXEA el 6%,
3] 579 eI EEENA Felg 2.9%, Lol e
g A E0 1.2%, 3 7Y 1.1% 5o iR U
AEF At =3 A 553 H $79 Bage 2449
ZollA Feld Aoz B Ao 24 FelE 0
77% Hoke E3tor} Ael $AIc ol 8t we 7
288 7129 A%870] AMH T AAH A
2ot Z7)2eh2 Q8 457 BEez 7 13
7} Bzl 7] wiE 22 Azt

2elg armuelel A3ehd 44 Ewinge)
indol, lactose, inositol a5 B} k7t 4] eSS
o, arginine, gas from glucose, mannitol, dulcitol,
sorbitol, rhamnose, xylose, trehalose 5~ ] @A Ye}
S R SA

Abrllzke] subspecies3d& Ewing™e] SubspeciesE
1, 2, 3a, 3b, 4, 52 EF3 el wel EFeigc).
subspecies 1> F2 295 AlHell4 AEsn] F4
#FaL, L A] 2, 3a, 3b, 4, 5+ FHEED 24370l
A ABE, T Aoz Feld Ardet 95 2
F subspecies 10]] £33}

AREFE A Aol A3 HEHLS Y
£ Asisat Bl ol §¢ 4 ghong YRyl 9
4 2FE olfedx Utk E AAeldE sa
typhimuriumo] 31.6%2 714 EA) Fel=dx Sal
hadar 26.3%, Sal muenchen 21.1%, Sal enteritidis 15.8%
a28|3 Sal ayinde 5.3%)%Ac}. o] AAHL 7 V)
1990\ .9} 1991d £of| 32 RE] Bl B3 7z}
Sal typhi(38.8%), Sal typhimurium(8.4%), Sal
muenchen(7.8%), Sal langensalza(4.9%), Sal paratyphi-
A(4.2%), Sal enteritidis(2.9%)} Sal typhi(17.3%), Sal
typhimurium(38.6%), Sal enteritids(14.6%), Sal
mbandaka(5.7%), Sal hadar(3.2%), Sal montevideo(2.7%)
7} e RelZeln Rug A7 Aol Yo ¥
A4 BelE FEE ZF B4 2elD Aol
t}. olgjgk Aol AR Fal tigde] TEH I

2 g d27] gifelztn AZEct. & Sal typhint
Sal paratyphi-A 3-& A} ARt FelE 3 FEolAE
Eel=A g7 digolt.

o F-EolA Hel®E d=ddete] FAEH i
2442 TESQ SMol| thste] ZH2 63.2%9) 52.6%2)
WA Jehigidt of 42 4 579 TE 76%, SM
49%9} & 59] TE 65.5%, SM 57.8%2} A3 Ha}ed
o zeh Aghe g2 RE) Fe) Had 2 5" TE 16
7%, SM 13.9%sH= & xbol7} Qlddch. KM 15.8%9)
WAS Hol § 5% 90.5% Mrhs 2A dgtoit 2
M) 2.8% H 9] 1.0%¥cHs &9kl AM, CB,
CM g NEoj|l& 77} 10.5%, AN} GME 7+2} 5.3%9)
WAEE el GMY Z$ 3 52, & % 2
o) BE FFollA 100% 43 Bardh 23} 7t
9] 2}o]7} 9lgle}. CF, NA, NNejld= 28 71 2
TAS Jebliich. ofeldt ofAl A Ao tole
el AY, BA7], £elF5E Sol AR t2r] wE
o] 2%, Folxl A FFob Fo Mol wfith A& o}
E WA e vehly] diEe g A4

Ardel WAF 13 £ F 76.9%7F 2 7HA o149
efalol] chAlAlS LhEllo] § 59 100% Bk
ok 2 B9 46.7% Hrhe A Jehdch WA
& TE-SM WA Fo] 30.8%Z 7h =4 Ueht o] &
7}A) kA A-go] 7HA wIEA] o] FARX 3L UFE &
T Aged, o] FZE o] 5 ofAld] gt AL Wl
AT 28 EE gQeta kA Aol AFE 7|31
of gho}n AJZbEleh, WA F 1359 A A& 38.
5% % S0 97.8%, ¥} 5] 63.4% K} I JEF
Yo CMI GMo} 100% Hg4d-& Holx AN,CB,
KM, NE, SMell tisiAl = A4 & vehiz] oot ot
2 AFAEY9) Baroh= o)zt gldet

ad £

FEUollA AgHelsls e ok EY] FHes
RE AReFE el sl A8y, gAY, &
AL A 9 WA Add S 2AsE] o 22
AEE dir.

1. 40879] B2 T 195:(4.7% )0 A AR detd
o] Helslgln FEHEE ERF 37675F 1834
8%), IFF 1355 1F(7.7%), AAHEE 245
130%F 13(0.8%), FAG 12357%F 15(0.8%), 54
2= 15553 172(11.0% )7} Se)=iict.

2. AbRde} 1939] subspeciesy= B subspecies
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12 2=t

3. Axddelel UHYL Sal typhimurium 65(31.
6%), Sal hadar 55(26.3%), Sal muenchen 43+(21.1%),
Sal enteritidis 35+(15.8%) B Sal ayinde 157(5.3%)01%]
=
4. el Ande 195F 1353(68.4%)7F $HER
o Wstel WAE FHen] YAEA MRE TE 63,
3%, SM 52.6%, KM 15.8%, AM, CB, CM 3] NE 7}7}
10.5%, AN, GM Z}7Z} 5.3%g 32 CF, NA 9 NNoj
100%2] 74 JEebdct.

5. Abedllgle 24 F3t 3HWA Fol ZH2E 30.8%
Hod, W4 Ade&S 385%2 CM, GM 4ol
100%, AM W4 50%, TE WA 25%7F A4S Uehy
211 AN, CB, KM, NE 9 SM WAl AdA& Kol
A ekt
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