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Table 1 Susceptibility distribution of methicillin-resistant Staphylococcus aureus strains against 4-lactam antibiotics

ot Inoculum | Temper- Minimum inhibitory concentration (ug/ml)
ics .
Adtibio size® | ature” [ <0.2[0.39 [ 078 | 1.56 [ 3.13 [ 6.25 | 12.5 | 25 | 50 | 100 | >100
108 30 2 3 | 4
37 5 5 11 7 6 2 14
thicillin
* 100 30 1| 49
37 . 1 5 5 3 36
ot 30 3| s 6 3 1 3| v 1| 19
37 5 14 4 5 6 6 3 1 2 4
cillin
Cloxactll 100 30 2 1 47
37 4 2 9 3 2 9 2 4 15
108 30 2 10 7 2 3 4 6 4 12
37 18 7 4 4 4 1 5 2 1 4
Dicloxacillin
100 30 1 1 1 1 46
37 5 5 7 6 6 1 1 2 2 15
9 CFU/m], * incubation temperature (°C).

Table 2 Susceptibility distribution of methicillin-resistant Staphylococcus aureus strains against 8-lactam antibiotics

Antibiotics Inoculum | Temper- Minimum inhibitory concentration (ug/ml)
size* ature | 50.2|0.39 [ 0.78 | 1.56 | 3.13 [ 6.25 | 12.5 | 25 50 | 100 | >100
) 108 30 2 3 8 26 11
dml i 37 1 8 4 3 9 9 8 6 2
oriaine
10 30 2 | 18| 30
37 1 2 4 7 13 20 3
108 30 1 2 9 18 20
Cephalothi 37 7 4 3 4 6 5 12 6 3
lothin
10° 30 2 40
37 1 1 6 6 13 17 6
10° 30 1 13 36
Cefanoi 37 1 1 8 2 1 4 10 18 5
Z2oin
30 2 48
10°
37 1 1 6 16 2
106 30 1 2 18 17 12
Celmetazol 37 6 12 11 13 2 5 1
) azole
100 30 1 1| 20 | 28
37 2 9 7 18 9 5
30 50
10
37 3 6 41
Ceftizoxime
30 50
8
10 37 50
106 30 3 47
Latamoxef 37 9 9 14 5 13
0Xe
30 50
8
10 37 1 5 8 4 32

¥ CFU/ml, ¥ incubation temperature (*C).
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Fig.1 Susceptibility distribution of cloxacillin
ageinst methicillin-resistant staphylococci
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Fig.2 Susceptibility distribution of cephalothin
against methicillin-resistant staphylococci
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Fig.3 Susceptibility distribution of cephaloridine
against methicillin-resistant staphylococci
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Lichs, BhbeBbMiX 5ic, 109ml OEEREES
T8 s MIC KB TATh, HRMOKRERYH
ERO1ELAERD 1 ED2EY 30°C L 37C Lk
ZEE LT T, BRRET3~5EOENHEBL, MIC
AT DL B~REDOENKLIRD X5 ot &
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X o> TAREh, EhoXRHEI RPTH008
BB Enb, PCase O BWYHERL, AAMKAFY
YVt 7 2 ARBEC ST AERBEEONEYADL
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Table 3 Minimum inhibitory concentrations of MRSA TK388 and the derivative TK388E against 5-lactam antibiotics

gt f-lacta- | Inoculum | Temper- Minimum inhibitory concentrations (ug/ml)
train toal
mase | size” | ature” | MCIPC | CET CER CEZ cMz CzX | LMOX
108 30 100 >100 25 >100 100 >100 >100
_— + 37 25 100 6.25 25 12.5 >100 >100
10* 30 >100 >100 50 >100 >100 >100 >100
37 >100 >100 25 100 100 >100 >100
108 30 6.25 50 25 100 50 >100 100
37 3.13 3.13 6.25 6.25 12.5 100 50
100 30 100 100 >100 100 >100 >100
37 12.5 6.25 ( 25 100 50 >100 >100

9 CFU/ml, ¥ incubation temperature (*C).

Fig 4 Time-kill curves of MRSA TK 388 strain in the presence of cloxacillin
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Fig.5 Time-kill curves of MRSA TK 388 strain in the presence of cephalothin
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Fig.6 Time-kill curves of MRSA TK 888 E strain in the presence of cephalothin
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Fig.7 Time-kill curves of MRSA TK 388 E strain in the presence of cefaselin
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75 E TGP ONEARD T, £DX5 fe 2 L b
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FRWT, ERBEVEL CBEOREHRY B L,

Bz LicE#HID 5 B, Fig.6 wix CET, Fig.7 ik
CEZ D% FhENRLICH, 30°C DOEREETIC
BT, MIC OEFFMC X > THEBEBUTREALY
BYoe¥, BEOERATHBORHL, 37°C ToOERT

XTIk, LI REREOWYABHOILEVIE
Mo BB A b, 2 Y, PCase DEWYZITE
WEKIZE\WTH, -7 2 2 AFOBRESHRL, ERE
B X TELLKERIhBLWSBRTH-T,

Icds, TK784E By B\ ERKCKE\WTIL, p-77
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/3

3. EFeAKOBMOBBEL

EARLE, 1 SX02 ORMHH, 30C L ITCH
EREATICHVTIE, EMEEAIROROBE
Tilich ZEROBDC LA BEIhZ b, fLH
EZFER X Y FOBBEL L RE L1, Fig.8 ki,
TK 388 #kiz MCIPC % fEfl X/ B0 R 2RLT
b3, Eha~eicit 30°C TOMRE, f~jki
37°C TOXEBHCHKT HHO BRELLRLEN £
BHIC/R L7 30°C CToERIC VT, HoREROA
PERBEEN SEH Hh, BRI e CRLE 1002
ml OWEETO MAIC I\ TH < BHShid 508
L, 37°C oK:MCiz, hiciRLi 6.25 pg/ml ORED
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Fig. 8 Morphological changes of MRSA TK 388 strain grown on agar containing cloxacillin for 6
hrs at 30°C and 87°C.a through e, incubation at 30°C : a, no addition; b, 0,89 ug/ml (1/256 MIC);
¢, 6.25 ug/ml (1/16 MIC) ; d, 25 ug/ml (1/4MIC) i e, 100 yg/ml (MIC). { through j, incubation at

37°C : f, no addition; g, 0.39 ug/ml (1/64 MIC) ; h, 6.25 ug/ml (1/4 MIC) ; i, 25 ug/ml (MIC); j,

CHEMOTHERAPY:

100 ug/ml (4 MIC). Arrows indicate lysis cells.

Fig.9 Morphological changes of MRSA TK 784 and MSSA TK 784 E strains grown on agar

containing various f-lactam antibiotics for 6 hrs at 30°C
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¥ X R BRI TK784E # OWEKCH T,
FREHELIWThD §-5 7 2 aFIRERER T 3,
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MRSA oHB2HSTHI ShicDix 1961 o
ETHBY 2, Thlik, KXk Tik MRSA cX
SRR OME & &bz, WkiciT 5 KRR O #
HLEHRONE, EOPNOWTIEIHZR D 2 &
2, MIC ffA:ph M5 RBLE"TY, Epd pH B0
(2 NaCl JRIE"SIC X > TRKELE/iARB LW BG
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SOV, L7 L PRAERAI A EhTE T
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i1, NORAENLICIBHRICETE, +F2)Y
v PCase O X5 aARIELBERIC LB b DTk
VO LB RIS D, CORED AN =
Xk B-7 7 & AFIOBMTHSD PBP LU 1:
WREL IR TETWS, £LT, §ETCO#METIE,
7 FoRECRHEhs PBP 05 H, SFROKEL:
Fd 6 Bz T PBP-22 B 5\ & PBP-3"% i1+ 5
B-5 7 2 sFOBEMMEN MRSA TIREEFLTW3 &
L, H5\ % PBP 2445 BRMHEIMETLTL
BV L L OBRABROA TV AN, LFLL—FKL:
BMiBohTuwichbi Tk,

—%, bk Licgko®hEicsL, £PTH, §ET
BEAERE L Io»> T ieh 7 MRSA BN L
DOHHEMD, COMENERZIRD LSS T
i, APCEVTHRENICZ DO MRSA KKERL, £0
Ah = XARH LIRD OIS THE, Bo
13, Ko oOBERS>MED MRSA »: PCase plasmid #
BL, “C-PCG K@t 5 & b, PCase plasmid %
Bitk X 1- TR¥k% A\ T PBP O34\, PBP
-2 LEH ERTV5 P3P Lo LB b FR
DOk EFitclc PBP-2' n\FEETH L ¥ WG L1, ¥
tz, =@ PBP-2' hifth D PBP [zl XEMIETHH, &
B2, =0 PBP icxTB p-7 7 2 afjoGRMH
SBUTENC LD, AFYY VT = ARKED 4
H = XLwRBPTHITL, =D PBP-2 "B THHT
HHZERERHLICDTHD, =D PBP-2' DL,
AELEBRC I DEIDBIOTHSH, L Liks
b, BEDOHFBREBCHET, AFvY v+ 7 = Afi}
HE O EARTHRERC, H5ED -5 7 % 2FIC
FUTLIELIEZE » % “double zone Big” 12, HIC
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PBP-2' DHREXFT TRBEMARTED LS 1) #4110
Thb, 2% bh, =D “double zone Big” i3, Wrh
SMEDKRICMNDZ LIk > THREhDRMIETIR
RmEVS L LRBREEICDTH S,

CDLSHRBOPIRET, LMEEORHTS ¥
YIRMDT ¢/ KRERD B 1 8 MOMBTY LT\t
B EOR, WA 4.4-7F= ) \EBMRY K%
TH7FoRMY, TOMEERKICsFo Y v e,
LRt b RBFICATH - LR R LAY, 2L,
CORRELPKLIZH LT B-5 7 5 AR ER S,
NOMM A BRI L 7= & = 5, Chloramphenicol £= 7 »
24 FOBERMLCRLIL: O.D. difr Bohs:
Licft ¥, ToRME “double zone " Lifte
TELIH, 4F2) €7 . ARECLERMED
B2 B BDTIREV I EC S BREMTT5081Y
HETHICEH1:y ThETOELBORBKAKICLS
L, MRSA Ti 8- 7 2 s MINFRA ST LM E
LIt e w58y By, -7 75 1A% FAZES
ckizkxh, EOMc B-7 7 5 aXOEMTHS PBP
NBBENTEEZN, TD PBP 2 f-7 7 5 A{HE
THACEES LTHREA TSRO Z LR
WEht, SO Edb, Khio p-7 7 2 afl%E
LT MRSA ###L, BER&KCEL KBTI
T coomasie PfawLiz: =5, EFHFCHN, B
LAITHB LTV AREAHSFEFOREN) IRl
hic, BREMKIZ, CTOFREARKELOEHL L
PBP-2' L[ U THh-1chi, =D PBP-2 ofiReLT
VoD ENER SR, —BREIC®&EY LTV
50, TOEAIX, 1) PBP-2' {3 PCase plasmid ##
FTTik B-7 7 % A#% inducer L LTEHFELEZID
= &, 2) PCase plasmid ¥Bizk X¢ % & PBP-2' iiff
R EEXhB L, 3) PBP-2 T oolkrb
LEEMEXhB X 51T, 37C X b 30°C A% PBP-2 &
ED0EFERBETHH-L, 4) BAD -7 7 5 27K
STERERBREN DB ENRETHHTS,

XRAXCTHR-BETIE, BREEORICEI-T,
MIC OZ#) & HEHRICELV @ Hbh, HR7
F o RERRE X LT ERSh S RO/ MO
PC ® MDIPC Ti2 37°C DR LG T T EHE LR
HEORFIHGEBETHS L Bbh D BETHoTo MR
SA F\TiX, FORMERERICHHS PBP-2 OE%
YELATHERBESAED CEELEFTHH L,
Io—REMT ORIt E L 5, BREKRE WThO
BE CREVMELERT 5 OnBE LL b Lok
BRES 52, Pl Lb, EYEE L BEHOHIYLE
L fife s iy, HRBEBL <A KRV ThF



voL. 33 NO. 9

CHEMOTHERAPY

781

57 % AFICB L TIRET 52 S &3 T 80°C 41 32°C
CHFTHLER DD LEX DR,

1

2)

k)]

9

5)

6)

8)

9

10)

1)

X L3

HEER, FoART, KW M, £HLTF
EAETF MBS S RHEh IEEOR I
Do MHFEFHIE 58 : 99~112, 1984
FaOkF, HK M, WTHTF £52F #
BER, NENNEF: 4,4"-7F =) VEBMX
YEETOIRE7 FYRENOFMRRIZ2WT,
Chemotherapy 32 :89~98, 1984
F2ORF:EABCHLTHEEThiRDR 4, 4"
S7F= ) NEBMRYELTE2T 7Y - Kk
E7PoREOSMRRICOVWTo MREFEMLR
58 : 569~582, 1984

UBUKATA, K.; N. YAMASHITA, A.GOTOH & M.
KONNO : Purification and characterization of
aminoglycoside-modifying enzymes from
Staphylococcus aureus and Staphylococcus
epidermidis. Antimicrob. Agents Chemo-
ther. 25:754~759, 1984

JEVONS, M. P.: “Celbenin”-resistant staphylo-
cocci. British Med. J. 1:124~125, 1961
SELIGMAN, S. J.: Penicillinase-negative vari-
ants of methicillin-resistant Staphylococcus
aureus. Nature (London) 209 : 994~996,
1966

HAYES, M. V.; N. A.C. CURTIS, A.W.WYKE &
J.B. WARD : Decreased affinity of a penicillin-
binding protein for B-lactam antibiotics in
a clinical isolate of Staphylococcus aureus
resistant to methicillin. FEMS Microbiol.
Lett. 10:119~122, 1981

HARTMAN, B. & A.TOMASZ : Altered penicil-
lin-binding proteins in methicillin-resistant
strains of Staphylococcus aureus. Anti-
microb. Agents Chemother. 19: 726~735,
1981

GEORGOPAPADAKOU, N. H.; S. A. SMITH & D.P.
BONNER : Penicillin-binding proteins in a
Staphylococcus aureus strain resistant to
specific B-lactam antibiotics. Antimicrob.
Agents Chemother. 22 : 172~175, 1982
BLUMENTHAL, R. M.; R. RAEDER, C.D. TAKE-
MOTO & E.H. FREIMER : Occurrence and ex-
pression imipemide (N-formimidoyl thiena-
mycin) resistance in clinical isolates of
coagulase negative staphylococci.  Anti-
microb. Agents Chemother. 24 : 61~69, 1983
MCDOUGAL, L. K. & C. THORNSBERRY : New
recomendations for disc diffusion antimicro-
bial susceptibility tests for methicillin-re-
sistant (heteroresistant) staphylococci. J.
Clin. Microbiol. 19 : 482~488, 1984

12)

13)

14

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

E£ALTF, WTET, SF«nfT, sl 0, #
BER:ROTFIRMO A7) YR EIU L7
= A RAEHRCHT MO >T H2W
Chemotherapy 32 : 926, 1984

MOsF, RifK BE B: <7 2RKH
THERE 7 FOREOR= v ) ViR & v 27
o Chemotherapy 30 : 1510, 1982

BE B:AFv) V7 afiftiRET Y
Mo M% - HIE - BBE 14 : 87~97, 1984
UBUKATA, K.; N. YAMASHITA & M. KONNO:
Occurrence of a B-lactam inducible penicil-
lin-binding protein in methicillin-resistant
staphylococci. Antimicrob. Agents Chemo-
ther, 27 :851~857, 1985

BAREREES : B/ RWIE L RE (MIC) B
SEEEHITICS v T, Chemotherapy 29 : 76~
79, 1981

ANNEAR, D.I. : The effect of temperature on
resistance of Staphylococcus aureus to methi-
cillin and some other antibiotics. Med. J.
Aust. 1:444~446, 1968

CANAWATIL H. N.; J. L. WITTE & F. L. SAPICO :
Temperature effect on the susceptibility of
methicillin-resistant Staphylococcus aureus
to four different cephalosporins. Antimicrob.
Agents Chemother. 21 :173~175, 1982
DYKE, K. G. H.: Penicillinase production and
intrinsic resistance to penicillins in methicil-

lin-resistant cultures of Staphylococcus
aureus. J. Med. Microbiol. 2: 261~278,
1968

SABATH, L. D.; S.J. WALLACE & D. A. GER-
STEIN : Suppression of intrinsic resistance to
methicillin and other penicillins in Staphy-
lococcus aureus. Antimicrob. Agents Chemo-
ther. 2:350~355, 1972

BARBER, M.: Naturally occurring methicillin-
resistant staphylococci. J. Gen. Microbiol.
35 : 183~190, 1964

THORNSBERRY, C.; J. Q. CARUTHERS & C. N.
BAKER : Effect of temperature on the in vitro
susceptibility of  Staphylococcus aureus
to penicillinase-resistant penicillins. Anti-
microb. Agents Chemother. 4:263~269,
1973

WYKE, A. W.; J.B. WARD & M. V. HAYES:
Synthesis of peptidoglycan in vivo in methicil-
lin-resistant Staphylococcus aureus. Eur. J.
Biochem. 127 : 553~558, 1982

WTET, £50F, BLARTF, *E 848 #
FER: A7 FYREOAF V) VYEIUE7
= AREHRCHTEIMECS2VWT F1R
Chemotherapy 32 : 926, 1984



7582 CHEMOTHERAPY SEPT, 1988

————

EFFECT OF INCUBATION TEMPERATURE ON MEASUREMENT
OF ANTIBACTERIAL ACTIVITY OF 8-LACTAM ANTIBIOTICS
FOR METHICILLIN- AND CEPHEM-RESISTANT
STAPHYLOCOCCUS AUREUS

Naoxo Yamasuita, Kimiko UsUKATA, MRt MATsUSHITA,
and MasaTtosH1 Konno
Department of Clinical Pathology, Teikyo University School of Medicine

Marixo Masupa and Ritsuko Nonocuchs
Department of Pediatrics, Mizonokuchi Hospital,
Teikyo University School of Medicine

With 50 strains of methicillin- and cephem-resistant S. aureus (MRSA) isolated from clinical
materials as test organism, the MIC and bactericidal effect of B-lactam antibiotics against MRSA
cultured at varying temperature were determined. The results were as follows :

1. The MIC values of various §-lactam antibiotics were measured under the following conditions :
1) inoculum size 10¢/ml, incubation temperature at 30°C, 2) inoculum size 10%/ml, incubation tempera-
ture at 30°C, 3) inoculum size 10%/ml, incubation temperature at 37°C, 4) inoculum size 10%ml,
incubation temperature at 37°C. The experiment revealed that MICs greatly varied with change
of the incubation temperature, even if the inoculum size of MRSA was constant. Namely, compared
with MICs at 30°C, MICs at 37°C generally shifted towards at a lower concentration range with
8- to 32-fold increase in sensitivity.

2. The bactericidal effect of each S-lactam antibiotic against MRSA was determined under the
same conditions of culture as in the measurement of MICs. Some concentrations of antibiotics
which showed no bactericidal effect at 30°C clearly recognized bactericidal effect at 37°C.

3. The fact that the bactericidal effect varied with change of incubation temperature was confirmed
by the observation of morphological changes of MRSA through a phase-contrast microscope. When
the organisms were exposed to the antibiotic, swollen cells inhibiting septal wall synthesis began to
be observed at low concentrations. Whereas cell lysis was almost not detected even when the antibiotic
concentration was increased considerably high in organisms cultured at 30°C, the cell lysis were
observed together with swollen cells while the antibiotic concentration was still at a relatively low
level in organisms cultured at 37°C.

4. The discrepancy of MICs and bactericidal effect through change of incubation temperature
was observed in derivative strain eliminated PCase plasmid but retaining resistance to methicillin
and cephem too.

5. It was investigated that the above phenomenon occurred because penicillin-binding protein-2’
- itself is temperature sensitive, so the optimal temperature for its production was at 30°C than at
37°C.



