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Tolerance Phenomenon of Staphylococcus aureus to Methidillin
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Susceptibility and tolerance of 40 clinical isolates of Staphylococcus aurens to methicillin (Mt) were
tested by broth dilution susceptibility test and time killing curves io estimate frequency of tolerance
and evaluate the effect of bacterial growth phase and compositions of media on the expression of tol-
erance of organisms. '

In the tests using stationary-phase culture (SPC) and Mueller-Hinton broth (MHB) supplemented
with 0.3% yeast exiract (MHBY), 36 clinical isolates were susceptible to Mt. Thirty two (89%) of
36 isolates of Mt-susceptible S. aureus (MSSA) were tolerant to Mt after 24hr of incubation, but
none of methicllin resistant S. aureus showed tolerance to Mt. Survivals of tolerant MSSA were high
at high conentrations of Mt. However, the survivors were not resistant to Mt and survival rates
were decreased after 48hr of incubation.

Ability of tolerance expression were varied by culture phase of organism and media used. SPC
didn’t show tolerance in the MHBY supplemented with sodium deoxycholate, and nutrient broth
(NB), however, in the MHB, MHBY, NB supplemented with NaCl, and NaCl (2% )-and cation (Ca,
50mg/ ¢ ; Mg, 25mg/ ¢ )-supplemented MHB (CSMH), it showed typical tolerance to Mt. The most
effective medium on the expression of tolerance of MSSA was CSMH, in which killing of organisms
at high concentrations of Mt (512—256 1 g/mf) was delayed to 72hr of incubation. Log-phase cul-
ture showed toleranec only in the CSMH, and among the ingredients of tiic media, NaCl is the
strongest inducer of tolerance.
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AFe) FAe g WAL e oE
AFo2 2E R plasmidE FSPo 24 o]F o
At Alge] GA] daf WAL A 59
GAZAGFAHNE AFL +d FAA =Ho
A H2L§AAss (MIC)7} Folx 3Hstad
A28 77t A =AY 24" 28 o)
2jg bl WA eq), %A MICE dort A
79 Abgert kAl o8 FAYR Lol AA
Hol kA9l Z3E 43 EE FarFis F4ol
Qe o2t ¥ W4gg Weky (tolerance) o]zt
gt} (Tuomanen et al., 1986). oj=}gt AAL To-
masz 5 (1970)¢] Streptococcus pneumoniae?] peni-
cillin (Pc)o] digr A ZAbell A autolysine] 2
HE SgeolFU}t Ped AHA ¢ NIA L B
Uty AE B3 o2 deiged, off 4
7del] AX oz 7] A3} FFA4 93y
ExAFds AA4TF o] beta-lactamA A
o Werde F dehie dEo® <A o
(Handwerger ¢t al., 1985;Kaye, 1980;Norden et al.,
1981).

FAE T A FF 9 beta-lactamA FF A it
WeFAd e o]F 2} methicillin (Mt) WA Z7}s}
HEe] ANITRTF A9F RS SFA @
== $8% s 4ot Watanakunakorn$ (1973)
2 penicillinase-resistant penicillins®] 7§ oz 2
T3 FAZI ATl A3 72EFIAY A
£0] 50%94 ol2vix B3stgon), Mayhal &
(1976)2 ol%A Argo] FL o|9T FHEE
A7 Mt 4T beta-lactam FFA ] AP Y
ol Atageh ojFe
o AL
=% Ox2 Amstgoy $4o) 34=HA gote
o, o] FA5ofA Y FES QAo AH3F
Aol &g FHARFA HAS AA g, o)F
o ®d Ox9 MICE Yo} FHAAREEL
(MBO)= wi¢xA vedgdz 2wsgerd,
Hity 5 (1980)% Oxel) WAde] Adx xR}
Tl o7 #EF) dse B, oled
UHEFEL YT IS 7 don, o]59 A=
o sdejdzm gk gHre HAF oA 7t

oxacillin (Ox)

Bolyx FHNTLFF g1 87

Wweagel adHde AAsgch 19 oz
F7HE0] EEATTFY beta-lactamA FF Aol
e WA e 2 Q8 Pc Ox, Mt5g o4% I
ado] AANFY A5 vusgony (Denny et al,
1979;Sabath et al, 1977), Goessens 5 (1984)2-
FEAYE F39 Mtol eSS Bole T 4
FHE HolA FE T& vheaed FANNH M
2 Azeas ety F9Y e 24
oA B gL Fo Fo] AEHAdD By
o}. |
2t o7 Wt A FeAdz B
T3 BATTATAY bata-lactamA FTA
ek el o AY Aste ¥uxe gde g
ZolZk dddrt. oleiF Aol AA, HRFAHE F
A3l 71Fe] AgAduidt dA4A @] HEe
#, Venglarcik 5 (1983)-& MBC/MIC. %7} 100
o]} ddE WekAelzt A3y on, Sabath %
(1977), Taylor & (1983), Kim %(1983) =%
Denny % (1979)8 MBC/MIC w)7} z+z} 36, 369}
4, 16014, 8ol ddl & WokAelety FAIHe
o, Goessens 5 (1984)2 WU g EEo] 2% o
AduE WekAdolel Aty dReid. EAE
oFAl ] MBC ZAbstAel dojx 2 A3rt A=i7t
A ARz aepA U G @] g
t}. Goessens & (1982)3} Ishida S (1982)& A&
Fe] YEIFTE SHH7] g FgeiA 94l
o] Awiekg W HEwd We o FFA 94
AEdert A3 A Radigew,
Mayhall 5 (1980)3} Taylor 5 (1983)e HZ=F 9
SgAtell arel QA WE) 3w, AF)e] uek
7 AFF PE7el o @okz 2 ustAck. Ishida
T (1982)2 BFHIAFTFL ZeFd4 BE
vhel Zho] AlFR Ho FalAdo] glof <tAs} F
ofe] EFAANAN ARAPAH) e 7o &
Aol xEFHA ¢So= MBC RAAAFGNA J&
T SRS gk a9 AT A (Kim
et al,, 1979 ; Peterson et al., 1978), pH (Venglarcik
1983), wujekA)z} (Sabath et al, 1977
Goldman et al., 1979 ; Ampel et al.,, 1984)Z o) w}
2 949 MBC =+ #9 WA WzlEe] »
25 gt Wb JIAHE AYde dE g
A 71 west 2 Tt '

Webds #FASEH da o=y oA

et al,
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ARl oj2g3} ool YA s AAe o
g o} oI gtk FHETEAFFF] beta-
lactamA FFAel o8] 7F9 AFL A=} A
AsE ojRME T AlFe] Aol o|AH
o2 o] @e] AFEH AL F4< autolysin A
§ EdleiF e 2¥eo® A wsLFESEs}
22} #A% (Tomasz et al, 1970) E& para-
doxical effect (Eagle et al.; 1948 ; Garrod, 1945) =
1= ‘persister phenomenon (Hobby et al., 1987 ; Big-
ger, 1944 ; Gunnidon et al.,, 1964)5 0 2 A9}
9low, Woolfery % (1985)2 AFFSAYPL
o] 4% Ox AFTZAANA, Yt sisiHolzn
HE2HE Ageln] 2o ¥xE FAFAAR
ZA k3 &£ persister percentageE Hoj:
SR dF 9 Yoz P AL
BAsGn AHd9.

EA4FA AR FYEZZTHF] betalac
tamA] FFA] A3t ok AHE slebaa o
78 YFHEF 4TS #HE o4 Ee
FEG A, FAET=GFFE A E APEA
& GUAT AAaA sages Mo i @
FAZFFARARNE AAFY Qe dg2H A
o) B e B

>3

R
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g9y o A=

7 FIAGAE FdE oAz F
Aes g AR g8 4F QAL REA)
A BHT4E FAIATF 0FF dite=
Agsgeh. 7HRAES LAF AN Ao =5t 37
ColA 247 ajgsigles], 449 AL Fd4
I AFFoeE 45 AES oA irypticase
soy agar (TSA) #jAd] Fujdgt o8, FA3o
F/Z T FoE B[N AL
s xjel] BEFF AFP] ALt TAFY F
Be Fo INFANA B85435 234, Gram
F44 2 <2y, A2 A4A, Dnase 444,
gelatin #-3]%, mannitel 23% I coagulase A+
B4E A FAI=AFFYPL FUsgg
{(Koneman et al., 1988 ; Kloos et al., 1975)

SZFA  FFAE M(FLFAFRDS ALy
. §FAS Thornsberry 5 (1983)] sl =
e 7 FH5] $£9A07 £EBSd —70

nutrent agar

T d% BEsdeod, d84d w4 144 F
g =¥ A2 HF3] A5 Ahgsiydh
b x| D FFARTBAGA FAS A 2 )
¥ol= = Mueller Hinton broth (MHB) <} yeast
extract® 0.3% F7FF A (MHBY)E 44319
o} of WAL v A (1986)¢] AFPA FHYI T
AFFE R4 A{Y Aoz 3P 19
B g o) wex] MHB, MHBe] Ca (50mg/?¢), Mg
(25ug/ 0) NaCl(2%)& 7k =)= (CSMH),
MHBY+} CSMH<] sodium deoxychelate (SD, 1/2
—~1/4 MIC of SD)& 718 =j# (MHBY-SD,
CSMH-SD}, nutrient broth (NB), NBe] NaCl(2
%)% A7 ) A (NB-NaCl)E 83149k 4
EAAE A2 TSAE A4sided, A&7
o Mt WA Y-5 B4 3T GARE A4
g HrugdAssT e MiE §F543 TSA
(Mt-TSA)E A48

HEFY =HA :AF7 w7 (stationary-phase
culture, SPC)-& TSA%] 2%3 AHLELE uy-
plicdse soy broth (TSB)) HE3e 37T 18
—2427 ojoFg RAoid, dFZ2)r] ek (log-
phase culture, LPC)}& SPCEZ «} A TSB4¢] 100%)
SHGF 3TCAA 347 o wjkdt Zolch g
T FFARFARAF L FRAELEFA AL SPC
£ AHgstqen, 593 LPCE AH4E AS: 4
gaT o FEA¥E 97595k SPC =x LPC
2 MHBY 59 #j#)¢] 1—-2x10° CFU/ml $ =2
FHAAF FFARSFARZA 2L FAFEAAA
Aedrgon, ojn FFANTY ERHAQL 9
£F%5E 05—1x10°CFU/mb7}b Bk
HZRAS NN A A S oJste) Tx
A2 Mid A WA == FFA 485 A
ek A FFAS A HAs=Z F4
A7z 29 £Xea)d Sy FFARFFTHAAA
£ WA 9EF 2732 AP imly E2F33
9}, SPC =+ LPCE #)A¢)] 1—2x10° CFU/ml
TEE PRAA HEZYL BEF, Toid 47
Al Ao} 1mid FESm FA3 FFA} F B
FHA AR o). Ishida 5 (1982)0] X=g A
Z 7 9 splashing effectZ A A7 Y54, F713
#+-8FA =39S micropipeite (Gilson, p-1000)
o2 A7d AFEAgD vhde] =AAPA 2
FZF 37CA 2047 afjofgci. {9k E Ho}
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Table 1. Methicillin-susceptibility of S. aureus isolated (40 strains)

Mt? susceptibility Percent survival®

Strain no.

Susceptible > 1.0 1, 4, 8, 41, 42, 100, 124, 179, 182, 183,
(MIC of Mt, 184, 188, 189, 190, 193, 194, 195, 196
( 8 g/ml) 1.0-0.1 3, 6, 9, 48, 91, 129, 178, 180, 181, 185
186, 187, 192, 197
(0.1 15, 47, 102, 191
Resistant =01 81
(MIC of Mt, (0.1 13, 75, 131
> 8ug/ml
2 Mt, methicillin.

® Percent survival of strains at 256 z g/ml of Mt.

A%l ¢E AlPBE 1527 AREF A7z
4217 o wiFgtF MICE EAstged, F9 W
A 7,}4/‘3 ]33 National Committee for Clini-
cal Laboratory Standards (1983)¢] 7]Z¢] wlzt
Mt} MIC7} 16 ug/ml o]4Fel g WA, 8ug/ml
o3l 7}3% A2 BAs 4.

TUESEA  FFARS A AT MIC o] 4
o] AR} 2 PERFT WS golr )
913t TSAE AM4ste] FHFAAHLS e}
Ak F7A FH APV WLELS TSAd A
itdd HEFY W9 PP FA EFAE AA
71 13 AEIRLES iR Z 10w FNsfz o]
A% 0.1mlE FALAAE WA (A7 9en) 7}
4 AFY g, 479 LA $X2 6= A=y
& TS =B 5Tl FAHA FF 37
TelA 48417k wlste) MY FLSEE A9
ol AeA Sl2ug/ml =9 FFAL AP
(ca. 63cm)AFell A 0.25 ug/ml ©o)3}e) xx 2 34
HEZ AqgFAe o8 EEATF HFex
= AAL Ak wiok 4847 2 7247
W ols} e HyPor MIC ¥ AF4E =
Bden, 2 AHE time kill curvei el AY
ZRAEE (% survia)S 731 Fr}abodc).

. No. of viable-cells after incubation
% Survival=

. . X
No. of organisms inoculated 100

—81—

R .

¥ FHILAFHE 4055 o2 A
AH Y] g3t 512-2pg/miE FAI N
MtE F43te A FFA FFARAE A
2] stgen, FAXTCATFL] Mis] gt kA
AgE siebsiz] 9t MICE 2 ¥ 3% %
o] Mt (256 ug/mh)7} 49 A1FBWLES TSA
Faef o] olAujopsied AEFSE ATt
(F 1). ZAZF 40F 3 Mo MIC7} 4ug/ml o]
3 & A (Mt-susceptible S. aureus, MSSA)
o2 #HY FL& 365 geod, UYnA 45 Mt
9] MIC7} 16ug/ml o]l Mt WA Mt-
resistant S. aureus, MRSA)o 2 A ). wjef
2442 F M7} 256 pug/ml F =2 42w
A8 FAF FAEEE ¥l A, MSSAE
F 36F F FAS L) 1.0% o2 Yeh} A
o] 183, 1—0.1%2 veh} 7o) 143, 28] 0.1
% webe = Jiehd Ae] 4% gleul, MRSA:
8l #F5F A} ZE FAFEC] 01%
vjgte 2 el MRSAMT MSSA7 3Emo
Mtsteld AE3e 57 8 B5e 45 Aok

19 A™L EYIR, MSSAojda wxT o
Mtstel 4§ FAE &0l ¥ 75 B F& Y=
Adsted Frse) Mt (128, 8ug/ml)stela Az
Aste) w2t F49%E wwsdc (£ 2, 19
. A¥Ee] M Bug/mhsteddes 28 FAF
59 FAES A7t 2AYFo, W 2447 1)
o AEFFs A3 Fasdnk nEEe) Mt

)
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Table 2. Bactericidal activity of two concentrations of methicillin to Stephylococcus aureus

Strain - Conc. of Mt No. of colony-formers/ml {% survival) at incubation (hr) of
no.? m MHBY? - . :
(s g/mt) 6 24 48
15 128 1.2x10°(13.3) 8x10(0.009) <10(<0.001)
8 - 2.5X10%0.28) 2x10(0.002) 1x10(0.001)
102 128 1.4 % 10%(4.6) 3% 10(0.009) {10(<0.003)
8 3.6 x10%(1.2) 1x10(0.003) {10(<0.003)
48 128 1.5 X 10°(14.0) 5x10°%0.5) {10(<6.001 )
8 2.6 x10%(0.26) 2x10(0.002) (10(<0.001)
124 128 35x106%28.3) 1.2x10*(1.0) . 1x10¢<0.001)
8 ) 1.0 X 10°(0.083) {10(<0.001) <10( (0.001)
129 128 5.7 x10°(52.0) 1.2x10%0.11) {10(<0.001)
8 1.0x10%(0.09) 5x10(0.005) {10¢€0.001 ).

? MSSA selected at randc;m. Inoculum size (CFU/ml) and MIC of Mt ( 2 g/ml) of strain 15, 102, 48, 124 were
respectively 9.0x10% 2 ; 3.0x10% 2 ; 1.0x10°% 4 ; 1.2x10% 2 ; 1.1 x 105, 2,
> Mueller~Hinton broth supplemented with 0.3% yeast extract.

(128 ug/mi)3toll = 48, 124, 1299179 FHAE
§L Foy, 15, 102W1FE BT 001% olF=
u)-$ A ol 2486 »aql 3652 MSSA
Zo|A] 48, 124 == 129W1 F3} Fo] FFARST
A7 Mt 557 78S AETTE B
o}AE ZFE 3250lb, 15, 10291 FF} o
Mt ¥5= 2 9jd7|7ke] FAgel EF T A
5 Zasts #F, 3 MICs MBCsL vi&stA 1}
g FFE EF AFEG(E .

A A5 AF4 H=E syl 943
o NHBY, SPCE |43 FFARFAAAE 4
AFHE, A< 6, 24, 4817 o AHSFE S}
Azl #AEESL FI9 1 JgquAqd A
time killing curves} FZ el (F 3,4, 2
g 2-4). BATCATF 1249o] 4T Mte) &
S5 Bob(E 3, 2¥ 2), Mts] MICE: ik 24,
48, 72A17t o #A7d 2, 4, 4pg/migc). of #9
AEFFE Mt 359 R 7o) Het 2 FoiE
‘2= u), Wlok 2447k w4 512, 256, 128 = 64
pg/ml ¥=9 Migtoldel 4=35E 474 23x
104, 1.2x104 90x10° @ 15%x10°CFU/ml= vj$-
oot 32, 16, 8 2 4pg/ml Sl AE BF
LOX1I°CFU/ml l3t2 A&Z7h Aok =%
48417 F4 AEFSTE ML 2T A ¥

SURVIVAL (%)

TIME IN HOUR

Fig. 1. Killing curve of S. aureus at 128uxg/ml
(—), and 8ug/ml(—) of Mt in Mueller-
Hinton broth supplemeénted with 03% yeast
exract. MICs of Mt to strains tested are 48( &),
4;124( @), 2;129(A), 2;15(a), 2;102(0), 2
wg/ul. ‘
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1.0x10°CFU/ml o}3t2 &A1) st e} o)
A 31F-2] MSSAXE ols} #A13 S Hgod,
1249 FFE Oxol AL ol9hze] MICE 2
o} Ox ¥E7t $¢5% 4EF57) HolA: ¥
AL 29 (3 A, FAXI=ATF 1029E
dAe 2 4T AL e ¥ (aF 3), o
ol 3 Mie] MICE wiekA)zke] fA Y] =5
2pg/miolRed, AETFTE Mt = L ufeki]
7t A glo] #A3) ZFaste] wjeF 2447 olF
e ®E 10X10°CFU/ml o]&2 ilelyic).
MRSAS o2 A4y e o4 7

A4 2 FHEEHAE 449 6 % 4, 1Y
494 B upsh zro] 81Wle] Fo MIC: wjek
24, 48, 72Xzt wjo] Ztz} 16, 32, 64 ug/mlE Y
kA)zko] el miz} MICE: Az Z71stdz, A
EZTE MICol4e] Mtyxslelx X 1x10°
CFU/ml )82 dehdow, o= 352 MRSA
% ols} HARE FAS By

MSSA & 1249 #5 o) ez e Mistel A
AEE FE] Mol s WAL AR e}
£ 27 $15l4, TSAS TSAd| Ze digk MIC
F MtE 71 WA (Mt-TSA)S #2724}

Table 3. Bactericidal activity of methicillin on Staphylococcus aureus (strain no. 124)°

Conc. of Mt No. of colony-formers/ml (% survival) at incubation (hr) of
in MHBY?®
(ng/mb) 6 24 48
512 , 4.3x10%(35.8) 2.3 x10%(2.76) 3x10(0.003)
256 4.0x10°(33.3) 1.2x1041.0) 1x10¢£0.001)
128 3.4x10%28.3) 9.0 x 10%(0.75) 1x10(£0.001)
64 1.1 x10°(9.2) 1.5 X 10%(0.125) <10(<0.001)
32 9.6 X 10‘(8.‘0) 4 x10(0.003) <10(¢0.001)
16 3.0x10%0.25) 2x10(0.002) {10(<0.001)
1.0x10%(0.083) * {10(<0.001) {10(<0.001)
4 5% 10%(0.042) {10(<0.001) <10(€0.001)
1.5%x10%1.25) 9.0 X 10(7500)

2.4 x10%(200)

* Inoculum size of organism tested was 1.2 x 10° CFU/ml.

® MHBY ; Mueller-Hinton broth supplemented with 0.3% yeast extract.

Table 4. Bactericidal activity of methicillin on Staphylococcus aureus (stramn no. 81)*

Conc. of Mt No. of colony-formers/ml (% survival) at incubation (hr) of
in MHBY®
(ug/ml) 6 24 48 72
512 1.2x10%(4.0) 1.4 X 10%0.047) 1.5x10(0.005) {10(£0.003)
256 1.2x10%4.0) 3.9 x10%0.13) 1x10(0.003) 1x10(0.003)
128 1.0x10%3.3) 1.8 X 10%0.08) 5x10(0.016) {10(<0.003)
64 1.4 x10%4.7) 1.4 X 10%(0.047) 2.0x10%0.07) 8x 10((0.027)_
32 9.3 x10%3.1) 2.3x10%7.7) 1x107(3333) 5.7 % 107()105)7
16 1.2 x 10%(4.0) 5.2x10%(172) 5x10%(>10%) 1.0x10%(>10%)
8 2.1 x10%7.0) 2.2 x107(7333) 2x10%(>10%)

¢ Inoculum size of organism tested was 3.0-x 10°.CFU/ml.

® MHBY ; Mueller-Hinton broth supplemented with 0.3% yeast extract.
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Fig. 2. Kiiling curve of S. guress (strain no, 124;
MIC of Mt. Zﬂg/me) at various concenirations
of Mt m Mueller—Hmmn broth supplemented
with 03‘,’/ yeast ‘extract. Symbols ; 512( =),
256(®), 128(4), 64(W), 32(a), 18(0), 8
(A), and (V) pg/mlof ML
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Fig. 3. Killing curve of S. aqureus (strain ne. 102;
MIC of Mt. 2 g/mf) at various concentrations
of Mt in Mueller-Hinton broth supplemented
with 0.3% yeast extract. Symbols ; 512(m),
256(@), 128(A), 64(W¥), 32(a), 16(0), 8
(A), and 4(V) u g/uf of Mt.
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SURVIVAL (%)

TIME ¥ HOURS

Fig. 4. Killing curve of S. qureus (strain no. 8L;MIC
of Mt. 8 ug/nl} at various concentrations of Mt
in Mueller-Hinton broth supplemented with 0.3
% yeast extract. Symbols ; 512(m), 256(e),
128(A), 64(V), 32(q), 16(0), 8(A)ug/ul
of Mt and control(V).

4 AR A g3t AFFE AAs AT (R 5).
FEARFTHARARANA Mt 57t 2 RdS5E
TSAA HAZHe FAsE= 757 2o} M-
TSAAE Mt %o FAge] ASGP4Fo &
¥ LOX10CFU/ml ojmto 2 BEFo} F3 A
AEHUG. ojddE FEFARTAAANY RS
735 457 o 2447 o ALY Aopdor,
o9} Mid dist A5 2R TIYL 9
ajgie}.

I ey S Hle] A3 F7A FFAH 2 FA
A AdolA BFEY B8] 79
*‘3}%@] uHE 9% gohus] sk, 256, 128,
8 B 4ug/ml BEF Mo} §453 MHBY 8} 7]
S tﬂ-’?-&fl!?]-i ¥ (LPCYS zgas}_‘_ 24 Xj7
WFg F BEFFE g gen, 14HL A
#719] ojFE (SPCYE o2 A5t 49
As}s} Blmsgeh(F 6). A9 M (8, dug/
mh)FAE o= T34 A4S AD o) TA
F 20% 25 FAYEgo] 01% njmrelgic). 1)
W} 255 0] Mt (256 ug/ml)tol A= SPCE AL
& ZAS 205 F 277 10%°1ds FAEEL B

9
%E-E
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dow, 1757} 9-01% Atols] FAEEE 24 S WA Z AYY d Aebde 4 g

o}, LPCE AH4® A% T35 ZF 2AES Mte] MSSA| di@ AFso] TA A« wja}
o] 0.1% =¢eo= Yeh}, SPCE Witez Ay A 9% WEslE BRI s, NB,
dA B o ddx FHE=FFe] Wekge] LPC NB-NaCl, MHB, MHBY, CSMH ®}=]o] Mt2 512

Table 5. Selection of survivors in TSA and TSA containing 1 MIC of methicillin for the detection of their
resistance to methicillin

Conc. of No. of colony—formers (% survival)® No. of colony—-formers (% survival)
Mt in of strain no. 48° in: , of strain no. 100° in:
MHBY* '
(ug/ml) TSA Mt-TSA? TSA Mt-TSA
512 7.3x10%(1.33) (10%(£0.02) 70X 10°(0.7) (104(£0.01)
256 5.7 x10%(1.0) (10%(£0.02) 1.2%10%(1.2) (10%(€0.01)
128 2.4x10%(0.44) (107(£0.02) 20x1042.0) <10°(€0.01)
64 7.4 x10%(0.13) {10%*(<0.02) 1.0x10%(1.0) {10%(<0.01)
32 3.7 x 10%(0.067) <10%(£0.02) {10(<0.01) . <10%(<0.01)
16 1.1 x10%0.02) {10%(<0.02) {10(£0.01)- {10%(€0.01)
8 4.0x10(<0.02) {10%(<0.02) {10(<0.01) {10%(<0.01)
4 1.2X10%(0.02) (10°(¢0.02) <10(£0.01) (10%(¢0.01)
2 »10°%(>182) (10%(£0.02) >10°(>100) <10%(<0.01)
? MHBY ; Mueller-Hinton broth supplemented with 0.3% yeast extract.
»CFU/ml (%)

® Inoculum sizes of strain 48, 100 were 5.5 x 10%, 1.0 x 10° CFU/ml respectively.
¢ Recovery media which containing 1 MIC of Mt to each strains.

Table 6. Effect of bacterial growth phase on the suscepiibility of 20 strains of Staphylococcus aureus io

methicillin
Conc of Mt Growth Range of % survival
in MHBY® phase®
(pg/ml) >10 9—-1 0.9-01 0.09—0.01 {0.01

256 SPC 2¢ 10 0 1
LPC 0 0 0 20
128 SPC 0 7 11 1 1
LPC 0 0 0 0 20
8 SPC Q Q 0 9 11
LPC 0 ¢ g 1 19
4 SPC 0 0 0 7 13
LPC €] 0 0 Q 20

 MHBY ; Mueller Hinton broth supplemented with 0.3% yeast extract.
® SPC, stationary-pahse cuiture ; LPC, log-phase culture.
¢ No. of strains.
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Table 7. Effect of media on the killing activity of methicillin to Staphylococcus aureus (strain no. 124)

Incuba- Percent survival at the various concentrations of Mt (x g/mi) :
Media® tion. -
time (hr) ) 512 256 128 64 32 16 8 4 2
NB 24 ‘ {0001 <0.001 0.008 0.001 0.008 0.001 0.001 {0,001 <0.001
NB-NaCl 24 1.63 1.25 0.49 023 0081 0016 0009 0005 0004
_ 48 0.004 0.013 0.001 0.003 0.004 0.001 {0001 . 0.001 {0.001
MHB 24 3.38 1.63 - 0.16 0.038 0.02 €0.001 <0.001 0.001 125
48 0.006 {0.001 {0.001 {0001 0.003 {0.001 0.001 {0.001
MHBY 24 0.58 0.26 0.113 0013 0.001> _ {0.001 {0.001 <0.01 125
48 0.006 {0001 <0.001 <0.001 <0.001 {0001 = <0.001 <0.001
CSMH 24 10.12 8.25 2.5 0.19 ~._04n1 <0.001 <0.001 0.048 125
48 1.5 1.18 0.19 0.001  <0.001 0.013 {6.001  <0.001
72 0.21 0.113 0.028 0.001 {0001 <0.001 {0001 <0001

2 NB, nutrient broth ; NB-NaCl, NB with 2% NaCl ; MHB, Mueller-Hinton broth ; MHBY, MHB with 0.3%
yeast extract ; CSMH (cation-supplemented MHB), MHB with Ca (50mg/1), Mg (25mng/1), and NaCl (2% ).

SURVIVAL (%)

0.1
0.05

i

0.01

Fig. 5. Killing curve of S. gureus (strain no. 124) in
the persence of 256ug/mf of Mt in media of
véxim_;s compositions, NB. nutrient broth ; NB-

: NaCl ; MHB,  Musller-

" NaCl, NB with 2%

Hinton broth ; MHBY with 0.3% yeast extract ;

24
TIME IN HOUR

1
48

10.0

5. 0¥}

e =
0 o

SURVIVAL (%)
©

0.05 r'

0.01 L
0.005

0..601!

i o, T 4 %
2 4 8 16 32 o4 128 256 512

METHICILLIN CONCENTRATION (£ /uf)

Fig. 6. Survival rates of S. aureus (strain no. 124)
in the presence of various concentrations of Mt
in media at 24 hr of incubation. Symbols ; NB
(G), NB-NaCl{ 0 ), MHB(A), and CSMH(# ).

CSMEH(cation-supplemented MHB), MHB with

Ca(50mg/ ¢ ), Mg(25ug/ ¢ ), and NaCl{(2%).
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—2ug/ml =2 ML FHITRFHF
124 (SPCYS AT A8 B2 &S 734
(X 7, 29 56). A¥ES Mt(32~2ug/ml)3}
e TAMA FFe} weFAZtel FAGe) 7
AEEC] 2F 01% vwdte2 vehdo. Iy
=) Mt (51264 4 g/ml) 3ol & F-A]u) 2] o}
ek A Zhell met FAEE Ash g Astde v
CSMH, MHB, MHBY % NB-NaCl& A48 7%

vloF 24X7 o FAEEe] A9 2XIF 01%F
deow, o] AEFF7t 7R el vehd e
CSMH AH5EES 92 djek 24279
512, 256, 128, 64 ug/mle] Mt S =84 FA=
%o] Ztz+ 10.12, 8.25, 2.5, 0.19% H.o =, wjof 48,
72217 Az AdE e FAESS YA
NBE A& Z-+t SoldtAl wiyd 2447 oW
o ZE Mt 3=dtdd g4EE0] 01% vl

uj =) 5

Table 8. Effects of supplements of media on the susceptibility of Staphylococcus arueus (strain no. 100 to

methicillin
MHB supplemented - Conc. of Mt No. of colony-formers when tested with® ;
with in media :

(u g/ml) LPC® SPC
Yeast extract 128 1.0x10? 1.3x 10
(0.3%) 8 <10 6.0%10
Calcium ion 128 6.8 x 10? 5, 9 x 10*

(50mg/ ) 8 4.0x10 <10
Magnesium ion 128 5.0 x 10? 3.6 x10*
(25mg/ ) 8 <10 2.2 % 107
NaCl(2%) 128 3.2x10¢ 1.7 X 10°
8 1.0x10 6.0x10

2 CFU/mé.

I

® Inoculum sizes of LPC and SPC were 9 x10° 1.3 x10° CFU/m4, respectively.

Table 9. Effects of sodium dexycholate on susceptibility of S. aureus(strain no. 100)* to Mt in MHBY and

CSMH media
Conc. of Mt No. of colony-formers when tested in® :
in media
(pg/m) MHBY MHBY-SD* CSMH CSMH-SD¢
512 7.0%10° <10 1.2X10° 1.1x10°
256 1.2 %10 <10 7.2%10* 7.4 %10
128 2.0x10! <10 2.9x10* 7.2 x 10
64 1.0x 102 3x10 4.2x10° 1.2x10*
32 <19 2x10 6x10 1.1x19?
186 <10 <10 1x10 1x10
8 <10 <10 1x10 2x10
4 2x10 <10 >10° >10°

* Inoculum size of organism was 1.8 x 10° CFU/m¢.
v CFU/nf.

¢ MHBY or CSMH media with 1/2—1/4 MIC of sodium deoxycholate.
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