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Abstract: The antimicrobial effect of B-lactam antibiotics, which had PB-lactamase inhibitor activity, on
Staphylococcus aureus isolated from mastitis was investigated in this study. Out of 166 isolates, 99 isolates
(59.6%) produced fB-lactamase, and 98 isclates of 99 were f-lactamase positive in above 12.5 yg/m¢ MIC
of penicillin. In the providence distribution, f-lactamase production rate of 4 providence, Gangwon,
Gyeonggi, Chumgcheong, and Jeolla was 100%, 65.7%, 58.8%, and 50.0%, respectively. Antibiotic activities of
B-lactam antibiotics against lactamase positive isolates also were investigated. Antimicrobial effects of
ampicillinfsulbactam or amoxicillin/clavulanic acid treated group were better than ampicillin or amoxicillin
treated group. In antimicrobial effects on intracellular S qureus, there was no difference 1 hour and 4 hour
treatment in control, ampicillin, and amoxicillin group, but in 18 hours treatment, ampicillin/sufbactam or

amoxicillin/clavulanic acid had a better effect than ampicillin or amoxicillin (p<0.05).
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4 AadlE Esol ¥7] W’ f949 A8 A
ampicillin®] L} amoxicillin 59) B-lactam#] A A&
443 WA g F gl Aotk wEhd FHY X8
B-lactamA] SF A& AR M E o] AL F
Ul 71He g 48 Blactamase 2HE-§ AAE 5
= AFA e =qe] Wog Aoz Azt

Clavulanic acid9} sulbactam2 334 $) f-lactamase &) )
2 BlactamA| A o} H-B-81d AME-A] S awensE EF
slo] Tk Aol Exol A RoE HuEHYN”

¥ AgoMe gl B8 S arensE tHFS
2 Plactamase] 2H S 58 ZA}ERIL flactamaseE AF
Aate ol Wt Blactamase A A EF 0| &% B
dactamA} A L FAASS {d AR A%
7H5dE ZAMIILAL T
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1. AR 2F
1997'd 3¢ 56 109712 A= 57 A 267 53]
FEANM B8 S awrewsE AP AHR-EHT

2. gnH

AHFEAL p-lactamA FT AL ampicillin (Sigma,
USA), amoxicillin (Sigma, USA)®} B-lactamase # 3l
A9l clavulanic acid (Pfizer, USA), sulbactam (Pfizer,
USA)E AZAR] 3o et 488 FE& 84
8lod AlS3HT

3. A2UKAHMES (Minimum Inhibitory
Concentration, MIC)

NCCLS (National Commitiee for Clinical Laboratory
Standard) 73"} w}e} microdilution ¥ .2 A ¥ stQch.
% &A= 0.1 M phosphate buffer (pH 6.0)0l 4] &t
96 well microplate (Costar, USA)S| A 231 8}4]3}% 2w
A B F-E brain heart infusion broth (BHI; Difco, USA)
A] &2 v oF3le] Mueller-Hinton broth (Difco, USA)oll
HAZF 7] $7} 5x10° CFU/mo) HEF 28] &7
A HrppR|o] HEST 37CAM 18~24417F wiFst
F M B w2 kA7t §RE HRACAN o s
o] JAIE FEE AEFY A g HURA
TEE sth

4. B-lactamase M¥E ZA}
Cefinase disk (BBL, USA)el H# F/FFTE & W&

Polma 3 YA HEY WFH 29 YL
S F AL 08 PAs H B 2EAO
2 W4 2 MHacames A5 P40 BRIt

5. 357Ul #9 AlH

D 357 88

IZpE 40 ARYOERY AYEe TTIAU
acid citrate dextrose §-9oj] Z EEo] F F Roths}
Kacberle” 2] W}l me} Re]algeh & ¥4g 1,000xg
oA} 2087 A EE 8T buffy coatZ& A A thE
20 mf lysing 02 SHAZ F 10 m9 restoring) &
7hated SAHol HA BHr) ojRAE 1,500xgolA] 5E
7F A E st A AL A AH ST lysing 3} restoring
o tiA] 18 <] WHE X e]$ ¥ Hank's Balanced
Salt Solution (HBSS)2.2 M EX4E 5x107ml =& 2
A H T

2) S aureus®] N¥E W 7Y

A9 3P U S awenws HYE HEE Cravenst
Anderson'°e] WPH-S Wy ste] ALEEIGTE B AHolA
ALR8E S aureust Blactamase® AFAAEHEA ad) B
hemolysing A &= ok B ElFE ARSI A8
2 Hurle Tl 2 mudt F ey
HBSSE 23] M|#& & 5x10°~1x10' CFUnd HEE 7
FAH, THE 5T R 1: 19 ¥EE EFE
F 37T A 9087 vhSAIR T AE 2o ERdls o
& A A8L7) 218k lysostaphin (5 pg/mé, Sigma, USA)YS
7¥ated 37°C A 158-7F whg-A12] F W31 lysostaphin
& A A7) $)5te] HBSSE 33 A A3} 12 well tissue
culture plate (Costar, USA)ol| 37°Coll A 3087} A X8}
@& dA ek RAR o= AEZE A §
ata] Aol A ABLT 2 mie] HBSSO| ztzte] &4A|
2 5Asled 37T 8 5% CO, viF7)dlA] 147, 4A17),
18] 7F whe-AlZ Tk GE2 HBSSEZ 23] A¥3 3
0.01% triton X-100 (Sigma, USA) 1 méE Arlste] X
£ §8A17) & BHI agar (Difco, USA)ol] HEH| ok &l
dolsle Aael ARFE AMNAT

6. &4 B4

BEF W S qurenso) DhE FHFA|Q) A%-E repeated
ANOVAE o]&ato] #4359tk AlE W AelilE &
aureus= 7+2te] groupd 471 €] plateol A 4+ CFU/me
2 EHstgon ZAae2 AA AR vz v
& & Th
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P-lactamase MlE FTAl

B gl AH&3 16659 3l B-lactamA] A o
i &k WA = B-lactamase 9+2] A S 2AFSEZ] 8 B
-lactarmnase AHAE-E ZATSE A5} penicilling] #HAR&Y
AFEE 125 pgmeol gl @5 FeA 1) FFE A
% L E #57} P-lactamase & MY A oW, HA 166
& F 9957} B-lactamase & A Ble] AA F59 59.6%
7} AHAY3} Tt (Table 1). 2|9 HE B-lactamase 2HY5-&
Hzde Hekg o 7 A9 BE w37 37 A
o2 65.7%7} Plactamase§ AHA & glom, AUTE A
93k 47 A Gl A 50%0]/3°] P-lactamase S AY4H8HETH
(Table 2).

Table 1. P-lactamase production of Staphylococcus aureus
isolates in relation to minimum inhibitory concentration of
penicillin

MIC for penicillin

B-lactamase production (%)

<0.78 057" ()
1.56 o5 (0)
3.13 1/6 (16.7)
125 1/1 (100)
50.0 8/8 (100)
100 9/10 (90.0)
>100 80/80 (100)
Total 99/166 (59.6)

* MIC, Minimum Inhibitory Concentration (ug/ml).
** Positive strains/Tested strains.

Table 2. B-lactamase production of Staphylecoccus aureus
isolates from bovine mastitis in geographic locations

Province B-lactamase production (%)
Gyeonggi 23/35° (65.7)
Chungcheong 63/107 (58.8)
Jeolla /14 (50.0)
Gyeongsang 0/4 (0
Gangwon 6/6 (100)
Total 99/166 (59.6)

* Positive strains/Tested strains.

B-lactamaseX s§ H/B-lactamA A m el FHAu
KA 5T

B-lactamase S AV B S awreus FF thEte] B
lactamase A A E AL F O Z M B-lactamA] A A
£97ke] 4 ARE ZAREIACTE WA S aureusol] T
5t B-lactamase A s A ] HAAKAAETE HAAG 4
# E Ao A sulbactam¥} clavulanic acid= MIC7} 128
pglnl LR S aurens waro] HiFt s AR
#) gkrh. Ampicillin BH5 X @2l A 64 ug/md )51
MICE YEbd #E-2 ampicillin/sulbactam @ 2 X &} A] 8
pgfme ol&ke] MICE Jehlglen], MIC7} 512 ug/md
o]l #FEL 32 pug/mt ©)3te] MICE vehfjo] At
Ao g ampicillin V%22 T 2o ¥EY log
base2 A4tsle] 2 ~ 6 A o4t F A} ANUTH
(Table 3).

¥ amoxicilling] MIC7} 32 g/l ©)3k #E&
amoxicillin/clavulanic acid2 *218}9-& o 2 ug/mt ©)3}
9} MICE Jehlol e, MIC7} 512 pg/mt & YEM) &
B2 32 ugmt ©)Ee] MICE vehfo] Log2 base®
amoxicillin ©5 22 A% 2ol vja) 2 ~ 6 vf o)A
o] g7 A7} YAt (Table 4).

BET Wl § aweuso| et p-lactamase * &l =i/
B-lactamA &7H &=

57 W S aurensol) W7 ShHES FAVE) flEy
ampicillin® ampicillin/sulbactam®] MIC ¥%Z 10 pg/ml
o} 1 ugimt B Mg d3 447 Hel Aol ampicilliny
sulbactam A8 2-E& hERFo] HISY Ztz} 14.0%9
12.8%7} 7+48ked ampicillin GE0 8 228 73} F9
A Qe Aele UAHA Yot 1817 A Aldle
2ol wla] zhzk 31.1%9) 30.1% Zisled g5 Ag
2ol vEke] ghFAFIT QG =91Th (Table 5). Amoxi-
cillins} amoxicillin/clavulanic acid®] MIC X & 10 pg/
né 9t 1 pg/meE A28 A3 4417 Ae] Aol amoxicillin
L 10 pg/md B X8 2 A 159%7) 7HAslEen, 18
A7 M) AlollE amoxicillin/clavalanic acid X 2ol A]
£ ozl wated 357%2) 37.8% Astd BE Az
2o WEle] ool gl Aelz) QFEHAT (Table 6).

o #

B-lactamases P-lactamA] A =¥ F2E B
lactam@Hg 7HrRalahs Aol AdaE 42 ofn)
= 13} Mee] Ao $240) Heh A, B, C 3
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Table 3. Minimum inhibitory concentrations of ampicillin/sulbactam for B-lactamase producing Staphylococcus aureus

» MIC range
Strains No. of Strains MIC for Ampicillin "
sulbactam ampicillin/sulbactam

6 8 >128 <1~2
18 16 > 128 <]1~2
9 32 =128 <1~4
P-lactamase 18 64 > 128 <1~8
producing strains 38 128 >128 8~ 16
256 =128 8~16
512 =128 16~32

1 >512 =128 32

. B"“Wm <1 >128 <1

" MIC, Minimum Inhibitory Concentration(ug/mé). ~ Ampicillin and sulbactam combined with 2:1 ratio.

Table 4. Minimum inhibitory concentrations of amoxicillin/clavulanic acid for P-lactamase producing Staphylococcus

aureus isolates from bovine mastitis

MIC range
Strains No. of Strain MIC for Amoxicillin "
clavulanic acid amoxicilinfclavulanic acid
1 >128 <1
10 8 > 128 <1~2
16 >128 <1~2
Bisctamase 4 32 >128
producing strains 16 64 >128 2~4
22 128 =128 2~4
10 256 >128 4~16
8 512 =128 8§~32
. B Wm 6 <1 >128 <1

" MIC, Minimmum Inhibitory Concentration(zg/mé), ~~ Amoxicillin and clavulanic acid combined with 2:1 ratio,

D typeo 2 EFETL 0|2 & p-lactamase 2+4 ol o
g AL Belactamased] AFHE A E MNAEA Y,
dactamase A AE o]g3h= ol vk I B
-lactamaseol] A gsh= WY HYAHAA R cloxacillin
£ ARV AsAZ o] o]&=Ho] F2u penicillinel
Hjsted AgaFrt Yon, AFHAE WA fel 1%
=4 Aoy g fd dddcs Aol wet
FHY YAAZ cloxacillin®] AHE-E FAAF) 18]

3 3H9 A2 tetracycline, chloramphenicol& MIC
7F g7 W 4 ol FAE £ e FEE /A
s Aol 4A o’

o Blactamse?] LB FAHE Adst B
-lactamase 2] 7R E ol HFEHE WA = B
-lactamase A #AE o]&3le AqF LRl o] &HI
v} AE7A H2E flactamase FSNA & tazobactam,
sulbactarn, clavulanic acidZ 71 AR RE akgo] A9
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Table 5. Fffect of ampicillin and ampicillin/sulbactam on the B-lactamase producing of Staphylococcus aureus isolates

within bovine polymorphonuclear neutrophils (n=4)

Antibiotics 1 hour 4 hours 18 hours

MIC Logl0 bacterial  Reduction LoglO bacterial  Reduction  LoglO bacterial  Reduction
comnt (CFU/mY)”  (%)” count (CFU/mé) (%) count (CFUfme) (%)

10 Ampicillin 5.73:0.03 7.13 5.81:0.04 11.16 6.48+0.24 12.66

18l Ampicilli

g ulb:c‘lﬂ 5.75+0.07 6.80 5.62+0.08 14.06 5.11:0.02 31.13

1 Ampicillin 5.86+0.04 5.00 5.87+0.04 10.24 7.34+0.03 10.78

18/ Ampicilli

l Sulb:c tml“;’ 5.83+0.06 5.51 5.70:0.05 12.84 5.18+0.04 30.18

Control 6.17+0,07 0 6.54+0.02 0 7.4240.03 0

MIC, Minimum Inhibitory Concentration (ug/m¢). = Meanzstandard deviation. ~ All percentages of reductions are

calculated based on comparisons to the untreated control.

* Significantly different (p< 0.05) from the control.

Table 6. Effect of amoxicillin and amoxicillin/clavulanic acid on the B-lactamase producing of Staphylococcus aureus

isolates within bovine polymorphonuclear neutrophils (n=4)

Antibiotics 1 hour 4 hours 18 hours
MIC LoglO bacterial Reduction  LoglO bacterial Reduction  LoglO bacterial Reduction
comt(CFU/me)” (%) count(CFU/mE) (%) count(CFU/me) (%)
Amoxicillin 5.59+0.09 9.40 5.50+0.02 15.90 6.4720.19 12.80
10
Amoxicillin/ .
ugfme 6.0240.14 2.43 6.01+0,06 8.10 4.77+0.04 35.71
Clavulanic acid
Amoxicillin 5.90+0.19 437 5.90+0.04 9.78 7.15:0.01 3.63
Amoxicillin/
pglmé 5.92+0.03 4, 5.91+0.05 9.6 4.61+0.56 37.
Clavulanic acid 05 3 3 8
Control 6.17+0.07 0 6.54+0.02 0 7.42+0.03 0

MIC, Minimum Inhibitory Concentration (ug/mé). = Meantstandard deviation. ~ All percentages of reductions are

calculated based on comparisons to the untreated control.

flov Blactam shFAle] TR FAFELe], B-lactamA]
A9 AAAO R Plactamasest ARt A A =
Ax AT EAFE AFAFE V7S A7)
oAt o] &=z gtk

U fHE W90 F 2 BAAEI e S
aureust= A g WAEE M FoH, o F
penicilline]\} ampicillin $¢] B-lactamA] 374l ohst
WAES sttt Z7beke 200 e e
UE YRt R 2% ot Miae] E% Hd

" Significantly different (p<0.05) from the control.

B ALt e o] & PlactamaseE A ER= S aureus
g o M) Fdol F3 At wEkd =y
F AEol 2ol S aureus o] 2] THE A Fol) F3
Q) F 9 A} B-lactamaseE A M S, aureus
of ¥4 ¢l AFYe] 2FH I Ak AF7A g7 A
TR 23l flactamased A EHE S aureuss] o))
B-lactamase A&{A)¢] YTR 8303} B-lactamA] &A1
ampicillin®} amoxicillin 52] AAE HEale] A}SE
Az} B9 %ol JE Aoz nysged’, A2
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dE Algela BEAAFETL ¢t methicillin WAl S
aureus®) A amoxicillin/clavulanate 2} ampicillin/
sulbactamo] Fxo] $-43 Ao By HYp??

2 AgdMe U Fd S awreuso] i B
-lactamase AHY5-& FAVEHZ) 918t ¥Ed ARE W
Woz 2e7 chromogenic WO E ZAMEATE HAL
A3 B Yo AL RelF § 59.6%7F B-lactamase
E AHEEY o, penicillin WA FS] dlfEe] o] 54
E 23T 5lo) penicillinel] thgk WA iAol =8
71MeE 98l Plactamases] A Bl USE
o & dch 12y} penicillindl W& VeERF oW
B-lactamase ® AHWEA FARA 67) EFFE o] A
9] AtAiEre] vio} B H#ellr] ALR-§ cefinase diskE+
AZHR YgskAv = k& WA 7132l penicillin ¥
2] penicilling} Af 234do] @7 WELE A7}
gop?

P-lactamase & 4HAEE @FEC] tidle] P-lactamase
ASHAE 0|88 plactamA FFA L AEE FAE)
$15te] B-lactamaseE A3 S awreusol] thEle] sul-
bactam3} clavulanic acidE p-lactam#| #A) e} B85}
o 1 A%E ZABIYT dA ALgSdAlEs AE
oA sulbactam, clavulanic acid& IFEIE UAEHA
9¥to v} ampicillin/sulbactam )} amoxicillin/clavulanic acid
23] 50 F AHSE AHT) log, baseE Al4tste] 2~
6 ") Ao g Zart Aoy 7 59 A e
Aol tEA velith olgk 242 Ane E AgcA
A3 FEE0) AHY 8l B-lactamase ] typee] THE A
o8 MztgEt), & f-lactamase type C7} type Aol H]| ]
piperacillino] v} amoxicillinel] ™ ergtalA AEslE 2o
2 B350)* o] f-lactamase typeo whel aAls}
Ago] th2y) Wroz AztEch Fasola er o' &
cefoferazonfsulbactame) Z%e] ampicillino] 1} penicillin}.
o el o 9% Ao HIdRen| Aronoff e
al®& mice E A YoM amoxicillin/clavulanate 7}
amoxicilli/YTR830 Bt} &izo| $4&uhy KT,
thFR a9} BlactamA| &HFA okl TR-E HAME
o AHF AejAe] Hdde] FRHE AAsH

oA BaAle] 2 F A A G olfE
e 2xo e AE7| 5o8 XBE ¥ UE
Are AA 27t 4d B 477 /fAEA £
37} wFoin, Bad oM B o F4Rd, ¥
&), graAlel Ho-3-2 bamier MY, $H4 serum
proteine] AY 5 o] 71 8%10] FARFe LR
adajd A? 28T S awrewss= THEHPPT Yol
o7l tia g 7o) & L0 2 RE HAYE ¢

AL, AZ oM FEsA] w1 48 FYgE 3
of A A8 F&o) WL ALE dH Uk F
¥ el 779 staphylococciol] A7 58 ¢
&7] st Ax JE AFE F ojorsty HE
M BEsAl e MTE AEAE 4 glejor ik
18} erythromycin, novobiocin, stereptomycin, penicillin
59 daAls HE gkl Aol tidtde FgFEaHL
921 cloxacillin, nafcillin, cephradine & A X&) A
o4& FolA = EERA 5 &4-8 7] lysostaphiny} 722
LFEAe] &g tiste] Bt RIHEA 8 5 U
A @'

Wl B d¥elMe a9 TFT FAFEA F
18A1Z1A] gatAl ] FEE vEA A st deolsle
AgTE& ZABEYE 11 A5 AR 344 550 &
S M A7t BA ZAER o weddt §of
A A zole G AR ZAMENUCE B3 4477
Ag plactamA] FFAE TECE AHHE IF ® of
27 FeAAE Alole UHEA FhLY 18417
o]Fof & B-lactamase A A ek A ALE-Ble Tl A
EFo] AFHUT <005). ol & A Cuffini
et af®e) B8 7o) o} ARG r|1He YHAAE
k21 amoxicillin/clavalanic acid”} amoxicillin $HE 2.
2 A9 7 ¥ 2ol vigte AjZde) gt w
g ey re Agad 4 ggianrt dvke A
Ak FAE A3E JERITE B AdAE 1847
o] %ol ampicillin/sulbactam #2] A ThZZo Wl
10 MIC A2 #elA 31%, 1 MIC & 2l7oA 30%2] A
@7t 7Aastaen, amoxicillin/clavalanic acid 2] A
10 MIC, 1 MIC #&]ollA ztz} 35%9) 37%2] 748
& Vehi it} Madgwick er al*-2 penicillin, chloramphe-
nicol ¥ erythromycinel] i3} staphylococei7t ZHE &
Z7 el olE Ay HE W B35 das5e
ZAHE Z 3} penicilline] MEWe] FxE= o &7A|
o BlEte] ¥2] gov g5 7MY & A0E B
2EAT B AW A E Ake] A gl wiel &
7 Nl ZFEE S aureus7t 7HE A EQ AEE £
Aol FEE Fof At AR QR E T F 2
Ao gFAzt Ax W FER S awreusell YFET
E e Aoz Ao

¥ A7 A3 Pactamase & M B S aurensell S|
Al B-lactamase A3 A ¢ Al AREA] B-lactamA] &)
Exol elAHAh T Al xuo) ZHH S, aureusd
et M AR %7 WES] tumor necrosis
factor-q, interleukin-1p '3} &7 &&0] A& Aoz ¢
247 lysostaphins} W83} AMEAl & &3t 3l€ A



Staphylococcus aureusl) &g Ftdo) i Blactamase A& #)/f-lactamA A B AH

S E A7) webs oled AEE VIRE 3o EH
oRe-2, & R A8 A EE B8le] Blactamase
ANAE o] 2% BlactamA FFAE Y ABAE
248 5 dE Ao AAEh

A £

Frabdel gEE 49 FFANAM A 16659 S
aureus®l) T8l Blactamase M-S FAKS A3} 59.6%
(995)7} B-lactamase & AHA) 5} 2., penicillin®] 8-
A B 125 pgind oo FroAME 1FE AT B
E TF7} B-lactamase & MNAsgon, JH4HRE A4
ZE AT 4 AHelA Eelgt 79 50% o]l B
-lactamase & AHAY 315 T}

Beta-lactamase & MY 8= FE| thaiAl P-lactamase
A E o843 plactamA FFAe] H5E BAF E
3} ampicilli/sulbactam} amoxicillin/clavulanic acid )
7o) ampicillin, amoxicillin ©5 A7) v} log; base
2 2~6Hl9] d Fart A HA

BF7 el AHE S awrensol] 7t d5E TARE
A 1A417h 4417 A8 Aol iR R ampicillino] v}
amoxicillin 9522 A2lg I1F3 vladte F94 o
£ AolE AAHR %ghor), 18417 o] Fof = ampicillin/
sulbactam, amoxicillin/clavilanic acid 3] ampicillin,
amoxicillin €% g B} Algsrt @A vEd &
Z72U9 § aureusd] et &go] AFHUT <
0.05).
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