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Abstract

: This study was conducted to investigate characteristics and antimicrobial susceptibility of

Escherichia (E.) coli isolates isolated from vaginal mucosa and clitorial fossa of 105 Thoroughbred mares
suspicious of the genital disease in Korea during the period from March 2006 to July 2007. Ninety six
E. coli isolates were identified as standard biochemical properties and using BIOLOG system. Fifty three
isolates (55.2%) could be classified into a total of 21 O serotypes and forty three isolates (44.8%) were
non-typeable with 51 O antisera used in this study. The verotoxin 1 (VT 1) and verotoxin 2 genes were
analyzed by multiplex PCR. Among them, one isolate was detected VT 1 gene (130 bp). Most of isolates
showed a high susceptibility in ciprofloxacin (100%), enrofloxacin (100%), norfloxacin (100%), cefoxitin
(96.9%), gentamicin (96.9%), sulphamethoxazole (96.9%), nitrofurantoin (94.8%), amikacin (93.8%),
nalidixic acid (92.7%) and tetracycline (90.6%). These results may provide the basic information to establish
strategies for the treatment and prevention of reproductive disease in Thoroughbred mares in Korea.
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= FE AE83 A, AL S Hvke A4
S AAPE ZAAE AL QT HAmtell A A HE A
A712EE AldS BT A3, Sweptococcus equi
zooepidemicuse 73397 BT Zrulell A 71 Qi3
B EE Aol [10], =2 9 E. coli, Pseudomonas
aeruginosa, Klebsiella spp., Leptospira spp., Enterobacter
spp., a-haemolytic Streptococci, Staphylococci spp. 2
nocardioforms®= #2| 5= 2o E HIH I AT} [12].
A AR T EelFllA AukEl 27 Aeke]
AR 2 uF5S A AT [19]. Sl A% 7t
e FHE Aste] 7MY Fad 4 F shvE ¥
& Ao st} [4]. o2 HAL TF vAES]
7137l o8l fFEEw olE2NE ugFe 457t
B HAgo] BAHT [21,22]. T 447 Aghe] B
ol w2, B 884 Streptococcus?t A A sl 7}

Ao P ERAL, A T 9A 40%
2173 Auks S48k em, 3duol] A A€ 35%
= ATAA GAE o] FA EFTk o] 9] E coli,

coagulase g2 Staphylococcus, Klebsiella pneumoniae,

Pseudomonas aeruginosa, Corynebacterium equi 2 3V
A, e Fgol #F 2Y EH 32o] YE A2k
HAA R yepsder A2 727 o]y gh 9] AA=
oje}-¢H B2 A-tolM A8t A d=ol SHES
ot [5].

AYZ ol 2 A elst A £ colir} 7}

A gy BXes Zo2 dEA ) [16]. E. colidT
o] 58 Qo) wlFlUFe] AALE fUE 4 o= A}
A

A2 AR w7, FolA] FollA g AE AT [15].
V& AbgelA el W T2 gastroenteritis,
urinary tract infection, neonatal meningitis®} =& =
peritonitis, mastitis, septicemia, Gram-negative pneumonia
S dodle Ao A ARt &, %, HiA,
AbgollAe] Arts F5oR shal k. wellA HAAE
Ao 7= E colidl A3 A7E & SEFTAA
A A gtom, Tol X8 E colidl B3 A= F
2 Apmtol| A ETECO] 23S 3L 18 H o] sit} 23]

Do M 2] E colic T2 WolA] AAlel HEF, vl
A7) B A frdske 2o R A e o
£ SEl vlal] A7t nxIst dejoltt. 53] A rke
B8 581 AL By dlo] @ A7) Al 2
ol wlf- Fag ARIOE FZtE L Qi)

SolM ARSI HEBE Adde] MARSE &
733 AEE WS B AyE BaE b gloy
A7 Ale] A0 B3 A= A fle AR
ot} o]¢} - HiA st & Aol e HHEAF
Aol A7 25E E2F E colit]l S A
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o o] MAAIER1 20061 3YF-E 2007\ 7Y At
o] x| Hell A7) SHAARE el Aol A==
10552] A2 RE vaginal swabs o] &3l] A EE
AN F 3 3 thioglycolate brothol] ¥ o] 4°C WAJE] = 48
Al el AEAR extete] + wE], 8S 918 A
B2 AMg3h AFAT AE= 5% BEIAH7E Y
X2} MacConkey agar $H33 )| 2] (Difco, USA)I 2t
7h =gk 3 37°COA 18~24A17F <t wioket & wj
FE JHES W E J=F B Gram stain, OF-test,
catalase test, oxidase test, MacConkey agar growth test,
lysine decarboxylase test 5] A&S 53 E. coliz 13}
573 3 BIOLOG(Thermo, USA)’|7]1E o] &3]
FHo R 543t

O group &Y 58

O group @3 5742 Denka Seiken(Tokyo, Japan)
Ale] Pathogenic E. coli Immune Sera “SEIKEN”Z} 2 A}
SR o|Ast NPT AT HF+ NS
AABIATH FEAHL F 51T E IEH §FFI &
7FdA 43%(01, 026, 086a, O111, 0119, 0127a, 0128,
044, 055, 0125, 0126, 0146, 0166, 018, 0114, 0142,
0151, 0157, 0158, 06, 027, 078, 0148, 0159, O168,
020, 025, 063, 0153, 0167, 08, O15, 0115, 0169,
028a, Oll12ac, 0124, 0136, 0144, 029, 0143, 0152,
0164y A&ttt 0 &9 Azxe FATS
MacConkey agar plateol] =23+ 5 37°CollA 18~24A17F
v g3t the 2 mL A4 940l MacFarland No.6(1.8 x
10 CFU/mL)¢] %7t HEs 4 F7AIZ o B
EoA X7 E RS T 4°Cel] EA3HATE O group
Y 42 WA microplated] zHzte] thrt A
4uLE o O 3 T 20 uLE Tt
SRS gt o A groups 8T
o7t 83 groupell sEsh= ZHzhe] ©rt | o
A e o7t FEH ] SN TUg WHo R &
AR AEE ANt FAFY] 0 EHEES AF &
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broth(Becton Dickinson, USA) 3 mLl| colonyS %3}
& 37°ClA] overnightr]A ¥ gt £ 1.5 mLe] Eppendorf
tube(Eppendorf, USA)?l 1 mLE #5313 2.17 x 10°gS
1% e AR v 45 800 uLE A At
ATk 2 F 100°CellA 1587 7 s & ohA] 2.17 %
10°gS 2 1087 9AEeIste] deollA 10 53t 3
AA 7 e AZ 150 uLE 3] 5te] PCRE 5
template DNAZ A3}t

PCRS 9%t 22 PCR premix buffer(Quagen, USA)
15 L, template DNA 2 pL, 20 pmol2] forward 2! reverse
primer [20] 2t} 1 L, B35 6 pLE 3314 total
volume®] 25 uL7} H == %243 % GeneAmp PCR
system 2720(Applied Biosystem, USA)S. & S-E3}3]Th
PCRE A o4°CollA] s& 7Hdste] WS =3l
94°Col| 4] 257} denaturation, 55°Col|A] 137} annealing,
2@ 31 72°Coll A 18-7F final extension®] 39HAIS & 30
3] HHEsll o, vpx]ul 72°Cel| A 747} final extension
#}8-& AFT PCR AHE2 2.0% agarose gel(Seakem
ME Agarose, USA)dollA] 271958 ¥ 5uL/100 mL
559 Ethidium Bromide(Applied biosystem, USA)e] 20
E7F gAste] UV transilluminator(Core Bio System,
Korea)oll 4 &1ttt
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2% E coli+ Clinical and Laboratory Standards
Institute®] 7] [18]°]] whe} Hj== by [6]02 44
A 7Z5d AEe AR WA E coli€ Muller-
Hinton brotholl 33137 37°Col| A 2~8A17F T4 &
MacFarland No.5(1.5 x 10 CFU/mL)2] =& 243 th
< Muller-Hinton agar plate®l] =23} 34 disc(BBL,
USAYE HEE F 37°CellA 1824417 vl &3 th=
disc 919] complete inhibition zone2] F715 =% sl
W RE AT 3l 9652 E. colidl Wit
oA S Totstaal Sl dolla Wol ARg-skar
U= IS FAHOE amikacin 5 F 2552 Aol
ek A AR AAEIT
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E. coli®] 22| ¥ 53

=] LR A ARSI TE BE A dde] A
27|25 E. coli w2t A, 1579 884 E. coli
2 ¥3Fste] 9657(91.4%)°1A E. coli7} B2t}

O group E3Y 53
22 9672 E. coliz WFSE O group BHH S

Table 1. O serotypes of 96 Escherichia coli isolates

O serotypes No. (%) of isolates
o1 14 (14.6)
044 5(5.2)
055 4 (4.2)
026 3 3.1
028ac 3 3.1
08 2 (2.1)
06 2 (2.1)
o114 22.0)
O18 2(2.1)
0166 2 (2.1)
0153 2 (2.1)
020 2 (2.1)
025 2 (2.1)
o111 1(1.1)
0128 1(L.1)
0125 1(L.1)
0146 1(L.1)
0142 1 (L1.1)
0158 1 (L1.1)
0159 1 (1.1)
0148 1(L.1)
NT 43 (44.8)
Total 96 (100)

NT: non-typeable isolates.

346 bp

130 bp

Lane 4

LaneM Lanel Lane2 Lane3

Fig. 1. Gel electrophoresis of verotoxin 1 by PCR. Predicted
130 bp amplicons observed from Escherichia (E.) coli
suspected strain. Lane M: molecular size marker (Bioneer,
Korea); Lane 1: verotoxin 1 of E. coli, Lane 2: verotoxin
2 of E. coli, Lane 3: verotoxin 1 of E. coli isolated from
horse genital tract, Lane 4: negative control strain.
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Table 2. Detection of verotoxin from 96 Escherichia coli

isolates
Toxins No. (%) Results of PCR
of isolates products (bp)
Verotoxin 1 1(1.1) 130
Verotoxin 2 0(0) 346

The verotoxin 1 and verotoxin 2 were amplified by PCR with
the following primers: verotoxin 1, (F-GAAGAGTCCGTGG
GATTACG, R-AGCGATGCAGCTATTAATAA); verotoxin

2, (F-TTAACCACACCCACGGC AGT, R-GCTCTGGATG-
CATCTCTGGT).

Table 3. Antimicrobial susceptibility of 96 Escherichia
coli isolates isolated from genital tract in
Thoroughbred mare

Antimicrobial No. (%) of No. (%) of
drugs susceptible isolates  resistant isolates

Amikacin 90 (93.8) 6 (6.2)
Ampicillin 77 (80.2) 19 (19.8)
Amoxycillin 81 (84.4) 15 (15.6)
Cephalothin 33.1) 93 (96.9)
Cefoxitin 93 (96.9) 33.1)
Ceftiofur 95 (98.9) 1(1.1)
Ciprofloxacin 96 (100) 0 (0)
Clindamycin 85 (88.5) 11 (11.5)
Enrofloxacin 96 (100) 0 (0)
Erythromycin 13 (13.5) 83 (86.5)
Gentamicin 93 (96.9) 3 3.0
Kanamycin 75 (78.1) 21 (21.9)
Nitrofurantoin 90 (94.8) 6 (5.2)
Norfloxacin 96 (100) 0 (0)
Nalidixic acid 89 (92.7) 7(7.3)
Neomycin 70 (72.9) 26 (27.1)
Ofloxacin 82 (85.4) 14 (14.6)
Spectinomycin 8 (8.3) 88 (91.7)
Streptomycin 10 (10.4) 86 (89.6)
Tetracyclin 87 (90.6) 9(9.4)
Apramycin 17 (17.7) 79 (82.3)
Colistin sulphate 76 (79.2) 20 (20.8)
Sulfonamides 29 (30.2) 67 (29.2)
Mecillinam 36 (37.5) 60 (62.5)
Sulphamethoxazole 93 (96.9) 33.1)

EA3 AIR= Table 1914 B ulel 720] 535:(55.2%)
X Z 2152 @F P o] A=A Ol°] 145-(14. 6%)
2 7P B9k, I 2o 2 0449 0559] 4zt 5

(5.2%), 45(4.2%), 0263} 028ac”} 212t 35-(3.1%) 2 Hl
WA Hol T =3 08, 06, 0114, 018, 0166,

o185 - 22

0153, 020, 0257} 247} 25(2.1%), O111, 0128, 0125,
0146, 0142, 0148, 0158, 0159 5°] 22} 15:(1.1%)=
F25R FPIN0, FAW 967F HB3FE48%)E

O group o] EA=X] LUt

E. coli 2| verotoxin S

B2 E. coli®] verotoxing &7t A= Table 2
o} Fig. 1914 B ule} o] & 965 3 155(1.1%)0]
2] verotoxin 1(VT 1y 5431t

EHiN| Z AIE

el 9672 E. colicll W3 oA 3 A=
Table 3olA4 B vfe} 2o £2 ¥ E colidT e
ciprofloxacin(100%), enrofloxacin(100%), norfloxacin(100%),
ceftiofur(98.9%), cefoxitin(96.9%), gentamicin(96.9%),
sulphamethoxazole(96.9%), nitrofurantoin(94.8%), amikacin
(93.8%), nalidixicacid(92.7%), tetracyclin(90.6%) 52| <F
Aol Blwd #2 2459S JERAAA T erythromycin
(13.5%), streptomycin(10.4%), spectinomycin(8.3%), apramycin
(17.7%), cephalothin(3.1%) 52 <FAlol] tsiAl= HlaL
2 e oA WS UeEhiich

n F

=W T AR a8 AL BT H 2 A
Frh 8 SgukE Fush) deie @Fe] $49 4
SEhEe) A5 BE, U Waslee] 39 8 Wyl
Poluh 850l Qrk. el wel WA B
A7 slFlAE gol muso] Yout Fhey
= 1\]—1;1— ] U]B“al- /\1?<40]1:].

A7) ol EAJHE Awe WAl SR e A
& ouAE YU AFosA waE FAHe By
& M SIt Aggdsl A9 A A2, A
P9 53 HAA B, 54, 54 5 o8 295
® 2 we] P4l wheh Aol AaelRst A5E
o 4G A Agel el sl e
3] izl Zlo] glont Aol WY it el %

e A&aIA sk Ao® eld k. @A A
orre] A7) A4S sk ofd 7k 874, Bl
29150] WEAT A7) WEe] Ao Fehs
AT s ol 29U Sl ol A A
o 2719k BE Ak HrhsloF & Aoltt,

AF7A FRN kel 447 Kl Aol
goj] Ag AFelM A 5 [11 19579 A% AT
S o E A7 AletS A A3} Streptococcus
spp.(37.3%), Staphylococcus spp.(23.9%), Bacillus spp.
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(16.4%), Corynebacterium spp.(7.5%), Enterobacter cloacae
(7.5%), E. coli(5.9%), Bacteroides spp.(1.5%) 5= &

B ) ok B8k A 5 212 el ARE o
HEIF AUE 10075 hFo =2 27 Alte] &
2ok 1 Helatoll vigh A A FFE 7S A
I, B2 AldS E coli(19.8%), Proteus mirabilis
(14.9%), Staphylococcus aureus(14.9%), Staphylococcus
epidermidis(11.2%),
spp.(10.0%), Enterococcus faecalis(9.2%), Enterobacter
nimipressuralis(7.4%), Actinomyces viscosus(7.2%), Entero-

coagulase-negative  Staphylococcus

bacter mobilis(4.7%), Aeromonas encheleia(4.3%), Proteus
vulgaris(3.6%) 58 w2 2 #E&s Yy,
Gram /3¢9 £2]8(65.36%)°] Gram Fd2] 2
F(34.64%) BTt EA| VETIAL s vp Qi

Clark 5 [9]= 9] trachea(10.8%), uterine(46.3%),
wound(18.9%), postprocedural soft tissue(34.5%), urine
(36%), septic foal(35.7%), umbilicus(50%) S-olA =<
E. coli®] #8]&& R

D A7) W AAske vt Al xRl &
g g AFAAE Bl E colie 7P E] A8t
IR O R I Fado] ofF AtaL & & Sl

Ike 5 [14]S 1982 30lA] 198610 ] AALS Kol
= 46359 oA ZRE A AFE FYe 2
3}, &84 E coli7t 3 AAAHE U= Aol A Wl
WA AEEHANeY B Artille A HEHA
goton, the dHth: 599 suy 9 =4 EelE
AT BgE vp itk 22l o] 23k AMd 2 HE
hemolytic E. coli= 2a]7]Q] 53] 5¢ &l g5 o
2 At A ] vd A HALe) ujjg- ﬁﬂr"*ol =2 Ao
2 HQIth A Hole At % AFd S Hole o
ol A H-2]E hemolytic E. coli®] B §§3 =Rk
010122 EFE Ut} °]& hemolytic E. coli7} ]
A Aeize) A} o) Fold 4 &L A5 Nu
o ok W] A} R AR Holt w3 34
DEZRY 29 E coli= TS BP0z EF/F
AL ©] EFFE F 08, 0101, 0147°] Eo] T3
ol B sk v Qo) B AFoA= 159 hemolytic E.
coli®} verotoxin 1% AYAHel= E colidt 1572 242+ 5
gt olg AA7] el Al &5 Bold "ot
of gk HEFH AL 55 FEE 7Fse] EoRR
G5 AlAE #o] a7 Ho A M, o]& 9 A4
7] Ag ] Y T UGoE U B2 A7t o
Fojdof & Aow Azt

S ZEldt 9672 E. coliell tiaE] EFFE 54T
A} 53F(552%)04 F 21%F2] dH o] FAHHUL

01°] 147(14.6%)= 7P BRHIL, I THrOo = 0449}

0550] 22} 55(5.2%), 45(4.2%), 0263+ 028ac7} Z+2}
35(3.1%), 08°] 2F(2.1%)= T =] Ike 5 [14]°] K
328k 4308, 0101, 0147)3 = thi ZFol 7t ARUT). o]
= /‘FQ—‘ FEHO TRl W Apo|= AYzhE oA,
3 & U B2 A7t AgEofof & Aol

Albihn 5 [3] A47] A8} AdE ERFE &
23 Aol Wik A 2 A4 A3t BE Y
o2 FH$ penicillin GOl 748 RGIL E coli ¥-2]
2 enrofloxacin®l 742 VERN 1.2, cephalothin
(39%)), streptomycin(22%), trimethoprim/sulphamethoxazole
(15%) 2 ampicillin(11%) 5l WS Jepl= Aoz
B w3lelth 3 Biruhtesfa 5 [81& W EFS Heole
o S BEs & A A AALE AA S
A7 HETor gEE AF T T 20%004 Alatol
AZEEHNT HEAF T 70%2] A= 18 249 Yg
WL, YHA = 23 FA0IATh E. coli, Staphylococcus
aureus, Klebsiella pneumoniae‘:— Z¥z} 45%, 30%, 25%2)
&2 FEA, 7P 288 Yl AR E
polymyxin B(90%), gentamicin (85%), chloramphenicol
(80%) % kanamycin(80%) ©]1lth. Edt ®Elw+ F
tetracycline®l] Z443& Hole 45 ¢ &= gl A
o2 Bigk vl gt}

Frontoso 5 [11]& W2 & Hole 5867 &%
2HE AU swabs Tl s Bl S
ZASt A3} Streptococcus  group C(31.7%)F E.
coli(184%)2A & o W24 £A e} A= o] U3
Streptococcus group C] A 7HA4d Fde] A4 °ﬂ
X+ @A amoxicillin/clavulanic acidollA] 82.7%2] £z

ot

o] e ol mlg &SI E colics 83
A Eo] Mlf- =2 TS BATE B Grobbel 5 [13]

2 A1 9] urinary, genital tract, mastitis, metritis, agalactia,
@Ol genital tract, 7H9} L0 respiratory tract,
urinogenital tract®} gastrointestinal tractol] 4] &2+ 417
Z_O] E coliv_l"oﬂ 1:}]6} 6]-A§;<ﬂ 7LA)~4 ZA} @;ﬂr
sulfamethoxazole(18~59%), tetracycline(14~54%) % ampi-
cillin(14~39%), cephalothin(39~46%)°llA1 W2d-& YR
3L, amoxicillin/clavulanic acid(1~4%), gentamicin(1~
9%) B cefazolin(0~11%)14 = A= s WA B
AL BAEE up vk F 5 212 Sl AREE
HHEIF AL 10075 ez A7) fef £
ol gk ﬂ*ﬂiﬂ e FEE A7 A9 EEE
) H-E-2] FF= quinoloneA 9} cephaA]l YA gk
adel =4 ‘/}E‘rki‘:h— LRI S A

2 AFoA EEE E coli®] i #FE0
erythromycin(13.5%), streptomycin(10.4%), spectinomycin
(8.3%), apramycin(17.7%), cephalothin(3.1%) 52 #<]
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stale W A WS UERSITth Albihn 5 [3)
o] &e] A7 F&l E. coli= cephalothin(39%), strep-
tomycin(22%), trimethoprim/sulphamethoxazole(15%) 2
ampicillin(11%) 5ol Wd& vepitkr Bsk 4%
B AFohs fA AFE AT 8 E colitS
cephalosporin  A1%-¢] 14|t A< cephalothin®]]
96.9%, 24t <1 cefoxitin®ll 3.1%, 3AITH?! ceftiofurol]
11%2] W3S yehlo] &% & dollx da#lel 3+
T3 dEE A7 o gel aFHA vk ey
ARk o2 Aol o3 @ A7) AT Al 7hA 9l
d3F 2 X8 FAeNA 7P AL oAlE A
s = Fo] drke S ovjsiy, uEhA A8

S o]

= AT
B2) YA ALE A 7Fsd Aol 7P
o

18 _1@

)

o =
%4
k.

Sl ARRFS B E Al A7) A8
dlrala A wpke £Ral) daNE hse o
Agel BA718% Zole Zo] Fasie el A
W8t A7, 53] Agule] MEuksolt G B4
of u] @ woi7)A Se| Ael Al wek wh A
AREES Frhsiehe Werom Ayt daHojor ¢
Ao Almty, ghae] 9% 44)7)9] srers e
74H B4 Bel o) 0o st e gl v
al ¥ ool =29 7F5Ao] FF) e Wl
g A O3 FAFS ARG A e
o Q5 Fol BAT Lmol Wayslolol & Ao B
T 8 o) Q1T 58 A e wol
nHEHow LA gom, Al st Awstel
Aol Y= Row LA ek FelA ATFA
58 S8vH A BEHL Eol7] aiM Lol
9% gl Ud BY 4y e 2785 Ik
T8 B8 FholA AHES HHuY F AL
ol AN £ colie] 543 obAl 7S wok
oA 44T FaAe] AN B E coli A 2
o] 27] A|gel 7)o W GEAle) OHEE WAL
e Ao et e B ATE N A
Avhe g5 FoIN AFFE Aekde] A 3
o 71AFHE BE E colith A7) A A7 Z2d

=

e

HO
J

Vel opilE H9d 5 9 Ao A

frlo )

o=

o] BAAQ A} A JpE Sl /83 A5 &
44 7 e JeE AlEEn.

B Apellde el A7) At fel E coliell 34
stof AT-StAAT FFole AT N L] A7
Fell E coligh otA] AEFolt AAF el E coli®l
574 & AdEe] Audel tisiM = A7-stedor &
Aoz ARHY, 53] =1 a50] Suioh 9 FF

FYIHE 2319 Aul7} F7HE RO e

Awd - AY -

QEERESE

ue} 25X 2] E. colidll tiEIA = A= ozjoF & A
o2 AlgEh

7 =

S AR ARERl B R F AL 105
Fol AANERE E coliz B3 2, 9657(91.4%)
oA EEHAL EeldF T 1F(1.1%)7F AFE A
7F Ao A beta §-E A4S VFERASIT

5171 O group A& B4 e A3} 535(55.2%)°1 4]
& 21521 O group @HF o] FAH U O1°] 145
(14.6%)= 7P WAL, 71 Tk =2 0449 055¢] ZH2t
55(5:2%), 47(4.2%), 0263} 028ac7t 2+ 35+(3.1%)=
vl gol FAENY. 2 Fed 965 T 15
(1.1%)°14 VT 1& 43T
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