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Abstract : Streptococcus spp. comprising Streptococcus (S.) uberis and S. dysgalactiae strains is major cause
of bovine mastitis from particularly well-managed or low somatic cell count herds that have successfully
controlled contagious pathogens. In this study, antimicrobial susceptibility and genetic characteristics of S.
uberis isolated from clinical or subclinical mastitis milk at 2003 were investigated. Eighty seven isolates
of Streptococcus spp. were identified by the conventional biochemical methods. The antimicrobial
susceptibility by disk diffusion method was determined for 46 S. uberis, 11 S. bovis, 10 S. oralis, 6 S.
uberis and 14 other Streptococcus spp.. Overall, the tested strains were susceptible to tetracycline (11.5%),
amikacin (14.9%), streptomycin (16.1%), neomycin (26.4%), kanamycin (35.6%), gentamicin (65.2%),
oxacillin (70.1%), ampicillin (75.9%), chloramphenicol (78.2%), and cephalothin (97.7%). Additionally, S.
uberis strains were susceptible to pencillin G (97.8%), but resistant to erythromycin (76.0%) by minimal
inhibitory concentration test. The multiple-drug resistance rate of isolated bacteria to 4 more than
antimicrobial agents were 84.8% among 13 different antimicrobials. Densitometric evaluation of DNA
amplification fingerprinting patterns amplifed with primer 8.6d showed that 3 to 8 number of distinguishable
DNA fragments ranged from 180 bp to 1,200 bp. Thirty seven isolates of S. uberis strains were subtyped
into 8 distinct patterns. Each subtype revealed a typical pattern of antimicrobial susceptibilities. These
findings demonstrate that S. wuberis isolates were mastitis pathogens of diverse serotypes, and often
encountered the diverse resistant patterns.
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Fa& A FFolAM 2218 Streptococcus uberis®] FAA 7/ 2 844

(bioMerieux, France)®] GPI cardE ©]-&-3lo] HF2Hog
Streptococcus spp.2 TSN R L FAY 24
< ekl ERAFFREA] S uberis ATCC 279589] AMg-
=t

gax #ZAed HAb

Ampicillin(10 pg/disk), oxacillin(1 pg/disk), cephalothin
(30 pg/disk), amikacin(30 pg/disk), gentamicin(10 pg/disk),
kanamycin(30 pg/disk), streptomycin(10 pg/disk), chloram-
phenicol(30 pg/disk), tetracycline(30 pg/disk), —L2] 3L
neomycin(30 pg/disk) 5 10%52] Aol gk 74
AARE T2 S ofake] AAIT 2, Muller
Hinton agar]l sheep blood(15 ml/500 ml)E 4701 =23l ¢}
&, &2 o) WEste] 3TCOIA 48AI7E MY T it
1k oAt & =74 3] Clinical and Laboratory Standard
Institute(CLSD A3t 24 A58 A3 [13].
SAIA| t]2F = Sesi-Disc(BBL, USA) A& AR5
o} A A ALY B FEA S, aureus ATCC
29213+ S. aureus ATCC 43300 #5524zt 7477 2
WA dF=E o] 83tH o, W3t S prneumoniae ATCC
49619 -5 ZdF+= ARSI

T3, penicillin-G(P, 10 U), vancomycin(Va, 30 pg), —Z
2] erythromycin(E, 15 pg) 33l st &AA 744
ArbE AR SAHE o8t HAIFAATE
(Minimum inhibitory concentrations, MIC)ol| 2|3} 2
AsIAt. =, A8 Brain heart infusion broth(Difo,
USA)IA 3124t a3t 7+ 4-S- cation-adjusted Muller-
Hinton Broth(Difco, USA)l &4 100 ulE o 24)
A dAEE Mo HE #o $EE 5x10°
CFU/ml H%=% Z43 100ulE 96 well microplate
(Costar, USA)®l| 4] <} Wﬂ &gt 37°C HjS7]

oM 1824417k WEEAIZ] T 71 ke FEO] oAl
e iAol %L%O] JAE 3] %EE N?ﬂ&

o] ofAlo] it HAUFOA FER L
52 CLSI 715 wsid [13].
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S. uberis 452 FE]9] DNA F&&

838t Streptococcus uberis 2| FHEY

Hookey <]
P 171 WP ARSIl &, w4 Reld
F& BHI broth(leco USA) HEsle] 37°ColA &}
S5 wFet & 2,000 rppmol| A 208-7F A4 B2 5l
S Tris EDTA buffer2 23] A3t o] & ThA]
TE buffer 565 pl= AF-FAF T 30 ple] 20% sodium
dodecyl sulfate(Sigma, USA), 5 ul2] proteinase K(20 ul/

mL; Promega, USA), Z2&]3L 50 ul®] lysozyme(200 pl/
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<! 35

mL; Sigma, USA)S ¥ ¥ 37°ColA 1417+ 30%7F
WS- Al ZTh 100 ule] SM NaCl3 80 pule] CTAB/
NaCl(10% CTAB, 0.7 M NaCl)E &gste] 65°Col| A
2047+ WE3-A1Z1 % F3F2] phenol chloroform isoamy-
lalcohol(25 : 24 :1; Sigma, USA)S A 713k 15,000
pm(4°C)oll A 1087+ Al skt A5H e +A
3te] & &< chloroform isoamylalcohol(24 : 1; Sigma,
USA)E 7I8F 3 15,000 rpm(4°C)oll A 1087 914 &
2] & A58 4738} absolute ethanol (Sigma, USA)
FFele] 2-38) F7keted —70°CellA 1217 A A]A
ZAth. 15,000 rpm (4°C)oll A 20%-7F A4 E2 e 5 A

o

¥

%ﬁa w} W FEE Sl skt 741*111 &
30 ule] Tris EDTA buffer2 F-Hf-A1A 4°Col RAstd
A ARg-st3d L.

S uberis®] AE F2L Jayarao 5o JlEkek vy
[19]& WHF st AH8-3lST). o|®) ARE-E primere 5'-
GTAAACGCC-3'9] @714 €S Uehl= 8.6 Dalton =
A (GFrtel 2uotol] o] gl ate] A28ttt Al 2FE 1.5 pl
9] primers E33te] 2.5 ul2] 10X PCR buffer(Promega,
USA), 2ul®] 25mM MgCl, 1ul®] 10mM deoxynu-
cleotide triphosphate mixture(Promega, USA), 5 ul2] DNA
template 2 2pule] 3.5 unit Tag polymerase(Promega,
USA)2] &E3tlo]l DNase free waterS & ZF 25 pl7t =
T2 H7}sk thermal cycler(Perkin Elmer 9600, USA)
oM FEL AESATE PCR HH 27 94.5°CA
287} predenaturation*] 71 -, 94.5°Co|l 4] 70%7} dena-
turation, 33°Coll4] 60%7F annealing, 72°ColA] 130%7F
extension?] cycleS 353] W5 AA| S & npx]at
2 72°COlA] 10%7F A BT 10 ple] SHAHE
9] 6 x dye bufferol] &33F 3 1.8% agarose gel(ethidium
bromide 1% % 7H°ll loadingdle] 150 VoIl 50%7F A
71953t 2k Bl A bandE EHRIEFATH
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Table 1. Distribution of Streptococcus spp. isolated from
bovine mastitis milk in the 2003 survey
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Table 2. Antimicrobial susceptibility of 87 Streptococci
isolated from bovine mastitis milk

Species No. of isolates (%)
Streptococcus uberis 46 (52.9)
Streptococcus bovis 11 (12.6)
Streptococcus oralis 10 (11.5)
Streptococcus agalactiae 6 ( 6.8)
Streptococcus salivarius 4 (49
Streptococcus intermedius 3(34)
Streptococcus dysgalactiae 2(23)
Streptococcus mitis 2(23)
Streptococcus sanguis 2(23)
Streptococcus mutans 1(1.4)

No. of samples

0 20 50 1000 2000 3000 4000 10000

Somatic cell count (x 1,000 cells)

Fig. 1. Distribution of somatic cell count on 87 Streptococci
isolates in bovine mastitis milk.

IMMTRTE Y Bulo| FHMES

AT o geld g7/ BHke] AA| 5
A= Fig. 191412}k 7] 1,000,000 cells/ml A37} 714
A Bol Yelt Akl IS fldel AAE
4 71241 3,000,000 cells/ml ©)4+-S AA] FF2] 253%
2 ZAME9H, 500,000 cells/ml PR w-$- wre A
© 2 YERsTh

SN Zd 2t
oz Y falE AddTel g 105 3
A 7Y 74 A3+ tetracycline(11.5%), amikacin
(14.9%), streptomycin(16.1%), neomycin(26.4%), kanamycin
(35.6%), gentamicin(65.2%), oxacillin(70.1%), ampicillin
(75.9%), chloramphenicol(78.2%), cephalothin(97.7%) <=
o

© 2 JEIITHTable 2). A3+ & S. uberisel] TSt

No. of isolates (%)

Antimicrobial
Agents Resistance Intermt?d.ia.te Susceptibility
susceptibility
AM 2(23) 19 (21.8) 66 (75.9)
(0):¢ 26 (29.9) 13 (14.9) 48 (55.2)
CF 2(23) 9 (10.3) 76 (87.4)
AN 74 (85.1) 8(92) 5(5.7)
GM 32 (36.8) 17 (19.5) 38 (43.7)
K 56 (64.4) 17 (19.5) 10 (16.1)
S 73 (83.9) 10 (11.5) 4 ( 4.6)
C 19 (21.8) 25 (28.7) 43 (49.5)
TE 77 (88.5) 4 ( 4.6) 6 ( 6.9)
N 64 (73.6) 18 (20.7) 5(5.7)

AM; Ampicillin(10 pg/disk), OX; oxacillin(1 pg/disk), CF;
cephalothin(30 pg/disk), AN; amikacin (30 pg/disk), GM;
gentamicin(10 pg/disk), K; kanamycin(30 pg/disk), S;
streptomycin(10 pg/disk), C; chloramphenicol(30 pg/disk)
TE; tetracycline(30 pg/disk), N; neomycin(30 pg/disk).

FAA FFE 254 AFE= streptomycin(8.7%),
tetracycline(15.2%), amikacin(17.4%), neomycin(30.4%),
kanamycin(43.6%), chloramphenicol(56.5%), oxacillin
(56.5%), gentamicin(58.7%), cephalothin(95.6%), ampicillin
(97.8%) =22 YEFSTHTable 3). o]l wksle] S. bovis
2} S oralis®] FAA 732 Ag oA amikacin (0% &
10%), neomycin(9.1% & 10.0%), streptomycin(0% &
20%), chloramphenicol(45.4% & 0%), oxacillin(36.4% &
0%) & A A= w58 A Aol Ao A
o7} = Aoz Yehith

AT T 7HY wEEol B2 S wberis®l] st
of F7FH OS2 erythromycin, penicillin-G, vancomycin 3
T FAA et e A A3 Z2F 24.0%,
80.4%, 87.0%=2 FA}E ATH(Table 4). B, S. uberisol
st 13% A g oA WA s £
Az} )59 S wberis E2]F7}F Table 59141 vebd
A28 amikacin, streptomycin, erythromycin, tetracycline
off gk vhAl WS Uehllem, 397(84.8%)7F 470
o]Fe] Al thste] THAAE-S VR SATE.

S when2| 88 24

S. uberis ATCC 27958 E&d59 el 4659
genomic DNAZE 8.6d primere] Z¥ E¥of ujz} E73+
A3} S, uberis 25 A = 3-89 EXE B
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Table 3. Antimicrobial susceptibility by disk diffusion methods of Streptococcus uberis, S. bovis and Streptococcus oralis

strains isolated from bovine mastitis milk

Anti-microbial

No. of isolates (%)

S. uberis (n=46)

S. bovis (n=11)

S. oralis (n=10)

agents
R 1 S R 1 S R I S

AM 1(22) 14@304) 31(674) 0( 0.0) 0(0.0) 11(100.0) 0( 0.0) 2(20.0) 8 ( 80.0)
(0):¢ 20 (43.5) 10(21.7) 16 (34.8) 4 ( 364) 2(18.2) 5(454) 0( 0.0) 0( 0.0) 10(100.0)
CF 2(44 5(10.8) 39(84.8) 0( 0.0) 2(18.2) 9( 81.8) 0( 0.0) 1(10.0) 9 ( 90.0)
AN 38 (82.6) 6(13.0) 2(44) 11(100.0) 0( 0.0) 0(C 0.0) 9(90.0) 0( 0.0 1 ( 10.0)
GM 19 (41.3) 8(17.4) 19 (41.3) 9 ( 81.8) 2(18.2) 0(C 0.0) 2(20.00 0(0.0 8 ( 80.0)
K 26 (56.5) 9 (19.6) 11(23.9) 11 (100.0) 0 ( 0.0) 0(C 0.0) 7(70.0) 2(20.0) 1 ( 10.0)
S 42 (91.3) 4(87) 0(0) 11(100.0) 0( 0.0) 0(C 0.0) 8( 80.0) 2(20.0) 0(C 0.0

12 (26.1) 8(17.4) 26 (56.5) 5(454) 3(27.3) 3(273) 0( 0.0) 3(30.0 7 ( 70.0)
TE 39 (84.8) 1(22) 6(13.0) 11(100.0) 0( 0.0) 0( 0.0) 10 (100.0) 0 ( 0.0) 0(C 0.0
N 32 (69.6) 11(239) 3(6.5) 10(909) 1(09.1) 0(C 0.0) 8( 80.0) 1(10.0) 1 ( 10.0)

AM; Ampicillin, OX; oxacillin, CF; cephalothin, AN; amikacin, GM; gentamicin, K; kanamycin, S; streptomycin, C; chloram-

phenicol, TE; tetracycline, N; neomycin, R; Resistance, I; Intermediate susceptibility, S; Susceptibility

Table 4. Antimicrobial susceptibility by broth dilution
methods of 46 Streptococcus uberis strains
isolated from bovine mastitis milk

No. of isolates (%)

Antimicrobial " "
agents . ntermediate o
g Resistance susceptibility Susceptibility
Erythromycin 35 (76.0) 1(22) 10 (21.8)
Penicillin G 1(22) 8 (17.4) 37 (80.4)
Vancomycin 6 (13.0) 0( 0.0) 40 (87.0)

Table 5. Antimicrobial resistance patterns of Streptococcus
uberis strains isolated from bovine mastitis milk

Patterns of antibiotic resistances types No. of isolates (%)

AN, S, N 7( 15.2)
AN, S, E, TE 5( 10.9)
AN, S, E, TE, N 9 ( 19.6)
AN, S, E, TE, GM, K 13 ( 283)
AN, S, E, TE, N, GM, K, OX 6 ( 13.0)
AN, S, E, TE,N, GM, K, OX, C,CF 6 ( 13.0)
Total 46 (100.0)

AN; amikacin, S; streptomycin, N; neomycin, E; erythromy-
cin, TE; tetracycline, GM; gentamicin, K; kanamycin, OX;
oxacillin, C; chloramphenicol, CF; cephalothin

om Z7]= 180 bpell A 1,200 bp& VFERSITH(Fig. 2). -
215 48 A, B, C, D, E F, G H 871 subtype

500 bp —

1
S

1
M

rtrrrrr
ABCDEFGH
T B

Subtype

Fig. 2. Random amplied polymorphic DNA PCR patterns
of Streptococcus uberis. M : molecular size markers, S :
standard strain (Streptococcus uberis ATCC 27958), A-H:
isolates of Streptococcus uberis, respectively.

Z EHFENeH, 8712 subtype 5 D, E, G subtype
37 2 10.9%, 152%, 17.4%=2 7P =& B
£ YR ATH(Table 6). 870 subtype™d A 7H44
92 WA FFE v 2AREE A elA D subtype
tetracycline, erythromycin A tal A= 100%2] 7+

Lo fo
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Table 6. Comparison of antimicrobial susceptibility patterns and distribution of Streptococcus uberis subtypes by random

amplied polymorphic DNA PCR method

Subtype No. of isolates No. of Antimicrobial
(n=37) fragment Resistance Susceptibility
A 4 3 S, TE, E CF, P, Va
B 3 8 AN, C OX, E, Va P
C 4 7 S, TE AM, CF, C, P, Va
D 5 8 CF, C, OX, P, Va TE, E
E 7 4 AN, S AM, CF, C, P, Va
F 4 6 C, s, TE AM
G 8 5 N, TE, E AM, CF, P, Va
H 2 6 AN, K, N, S AM, CF, C, GM, OX, P, Va

4’42, E subtype ampicillin, cephalothin, chloram-

phenicol, penicillin, vancomycin®l| H3]A = 100%2] 7+

45, G subtype2 ampicillin®] &A= 100%2] 7+

4L 72 JERl o] subtyped A 74 Apol vt
7

Ao Uet,

ol
AT

1]

i

=

et vl V9 &=, G=ollAe] 88 fris 2
e = F 14-26%7} S, uberisdl] &3t Ao 2 H IS
om [16], WES T2 she wHRES TFAAE S
uberis7t F8 Y Qo2 B HAT [23, 30].
wl= A Yool A dtdel] wisk &+ £ A
S. dysgalactiae 42.2%, S. uberis7} 39.9%, ZL2] 3L entero-
cocci= 11.1%=E ZAE AT [26]. o]H g A= & A
oA AA e 2 ARJAAFT Al &g
WA ¥ &S ZAFeEA] edobx] AFAoR vwd < §l
Ak e AT T P AT UR
4721 S, uberis7t 52.9%=2A Q3 A FF+e] o
g5 S agalactiae 6.8%°l V|5le] wl$- & H

< YERA A4 vFo] & o SjollAE FH2oll=
734 i DA ot fdo] EAAET A
ol M= S, uberis7t £ AAA B ARLS Al
AlEFAL STk o]# gk Yoo 7= FolHti: o
M 1993AKE AA|ES) 28 Fo 548 Al
oate] o] FErkEe] a3AQ fUE A E

£ o o f

Aate] Fd st FElZROYS A&HHow #8353
Az dcteh

39, % Jdel 416 Ayowd 139 v
§710) W 2918 o) eave AA 23d0] Yol
L A g 29 7
ek 24), THEE 4G A7b Sl

e

N

# Avte] eogo] i ABHOBE ThE AYY 22
Ank)7) W] fgol MEHOR WHEHE At
SEAYIE el s S wuE A4 &
o] AriA o $7) WEe] A4 PAAE o] 87
9 A5 DAY A2EAE Fol7] e

T Aol g ofA 2 HAPE A ook

s} [10].

2 AFolM AadTol st A A 24
ol A tetracycline(11.5%), amikacin(14.9%), streptomycin
(16.1%), neomycin(26.4%), kanamycin(35.6%)°] 50% ©I
ste] ZHAdS YERI S M| gentamicin(65.2%), oxacillin
(70.1%), ampicillin(75.9%), chloramphenicol(78.2%),
cephalothin(97.7%)°] 50% ©1’3°] 7738 e ATt
olgid Aa= A T [Blo] A EHAGNAN AR
ampicillin 84.3%, penicillin 75.7%, cephalothin 67.1%,
gentamicin 25.1%, neomycin 13.1%, tetracycline 26.4%,
streptomycin 2.4%2] ZAS 1l AE [12)3h=s At
Ao g vsdh S UeEhisdTh sARE 197080 A
% [31°] EAFeE A A llA] lincomycin 81.9%,
chloramphenicol 76.4%, tetracycline 78.5%, erythromycin
83.2%, streptomycin 57.5% 5 UF-E<] A7 =2
S Bl A A [210] 198497E] 19883714]
o] I48 f4HlA ampicillin, cephalothin, chloram-
phenicol, erythromycin, gentamicin, lincomycin®] 70-100%
o) AAS ol AAT, & [e] AL A 25
A A3}l A cephalothin 72.3%, gentamicin 55.2%,
tetracycline 48.7%, erythromycin 45.5%, chloramphenicol
41.0%, streptomycin 29.1%2] A<=} v|ws] & o 2A
o w8 AA FAA &) AT 9lE AL 1}
et

E, of ¥ 7] A ¥ Fd AR 2AK

tetracycline 36.8%, neomycin 42.1%, kanamycin 42.1%,
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