EHBREN RUE B8E F2 K
The Journal of Kosin Medical College
Vol 8 No 2. September, 1992

Methicillin 34 X F+#9 B-Lactam#] 344
L1 bl I B R ) 2

AW ey v 4R sy
29F, 2939, 393

b

Growth Patterns of Methicillin Resistant

Staphylococcus aureus
in B-Lactam Antibiotic Containing Muller-Hinton
Broth

Myung Hoon Joh, Kwang Hyuk Kim, Myung Woong Chang

Department of Microbiology
Kosin Medical College, Pusan, 602-702, Korea

=Abstract=

Methicllin-resistant Staphylococcus aureus(MRSA) has become a ma-
jor pathogen in patients with nosocomial or community-acquired infec-
tions.

In the present study, we examined the minimum inhibitory concentra-
tion(MIC) and maximum bactericidal concentration(MBC) of methicllin,
oxacillin, cefatrizine and tetracycline on MRSA, then followed growth pat-
terns of MRSA and formation of L-form at the respective MIC for various

strains to elucidate the mechanism of paradoxic effect of penicillin antibio-
tics on MRSA.

Following results were obtained

1. In twenty strains of MRSA, the MBC of methicillin equal to
MIC was 15%, the MBC two fold greater than MIC was 60%,
the MBC three fold greater than MIC was 20% and the MBC
four greater than MIC was 20%.

2. With oxacillin, the MBC with equal to MIC was 10%, the MBC
two fold greater than MIC was 50%, the MBC three fold
greater than MIC was 20% and the MBC four fold greater
than MIC was 20%.

3. With cefatrizine, the MBC with equal to MIC was 10%, the
MBC two fold greater than MIC was 60%, the MBC three

—105—



EHMARRBEATE H8E K25 1992

fold greater than MIC was 20% and the MBC four fold grea-
ter than MIC was 10%.

4. With tetaracycline, the MBC with equal to MIC was 10%, the
MBC two fold greater than MIC was 55%, the MBC three
fold greater than MIC was 25% and the MBC four fold grea-
ter than MIC was 5%. _

5. In all strains of MRSA showing a paradoxical effect of methicil-
lin, growth was significantly more with 0.5xMIC than with 1
xMIC in using Muller—Hinton.

6. In some strains of MRSA, the paradoxical effect was observed
at 0.5xMIC in the 50% serum containing Muller—Hinton
broth.

7. The paradoxical effects of oxacillin and cefatrizine occurred at
1xMIC in Muller—Hinton broth and at 0.5xMIC in 50% se-
rum conataining Muller— Hinton broth.

8. With tetracycline, the paradoxical effect was not observed both
in Muller—Hinton broth and 50% containg Muller—Hinton
broth.

9. MRSA strains formed L—form in the media containing 0.5xMIC
of methicillin, oxacillin, cefatrizine containg agar, but not in
tetracycline containing agar.

These results indicate that in some strains of MRSA paradoxical

effects of methicillin, oxacillin, and cefatrizine can be observed at 0.5
—1x MIC, and this is due to the formation of L—form bacteria.
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Table 1. Minimum Inhibitory Concentration and minimum Bactericidal concentration of

Methicillin, Oxacillin, Cefatrizine and Tetracycline against isolated Strains of S.

aureus

S aureus MIC (ug/ml) MBC (ug/ml)

' Meth.  Oxac. Cefa. Tetr. Meth Oxac. Cefa. Tetr
4589 64 128 64 128 128 256 256 256
4724 1024 256 16 64 2048 516 32 128
4766 32 32 2 64 128 256 4 128
4817 64 32 2 16 128 256 4 64
1907 32 128 128 128 1024 256 256 256
8221 256 256 64 64 1024 512 256 128
8220 256 128 128 64 1024 1024 1024 512
4806 512 256 32 64 1024 512 64 64
4841 32 64 32 32 512 256 32 64
4873 512 512 128 2 1024 1024 512 4
6487 1024 512 - 64 2048 512 - 128
2521 1024 64 - 128 1024 128 — 256
6516 1024 512 - 8 1024 1024 - 128
6493 512 256 - 128 1024 512 - 128
6279 1024 512 — 128 2048 512 - 256
6351 128 9 - 256 512 128 - 512
6354 1024 1024 - 4 2048 2048 - 16
6063 512 256 - 4 1024 512 - 8
6146 512 256 - 2 1024 1024 - 4
6266 512 256 - 2 512 512 - 8
25389 1 2 05 05 2 4 1 1

Meth. . Methicillin. Oxac. - Oxacillin, Cefa. : Cefatrizine.

Tetr. ¢ Tetracycline, = © Not tested

pg/miel Ao ®, MBCY ¥+ 128 -2048 vi el A7t 7+ 15:(5%) 01 Aot

ug/ml °) Atk 2HF 20F%F oxacillindl g MIC
Oxacillin®l th§ MICHS+= 32 -1024ug/ MBC7t 22 7297t 25(10%). MBC7t
mlo] 25 MBCH ¢+ 128 -2048pg/ml°] MICe] 2uj1 7297 105(50%). MBC7}

At cefatrizineo] et MICY ®He 2-
128ug/ml°l A o5 MBCH Y= 4-512ug/
mio] %t

THTF 20FF o Wit MIC9 MBC7}H
22 257t 353(15%), MBC7F MIC9] 2u)
¢l A$-7F 125(60 %), MBC7F MICS] 3]

797} 35(15%). MBC7} MIC®] 44 2 5
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MIC7t Z2e A9V} 25(10%). MBC7} MIC
o] 2¥§<l ZA9-7F 105(50% ), MBC”7} MIC<]
3¢ B$7F 45(20%). MBC7F MICY 4
el H$7F 35(15%), MBC7F MICS] 54)
A A7 15(5%)0l A

T2 T F 10F3F cefatrizineo] W3t MIC
2} MBC7} #& Z49%% 15(10%). MBC7}
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pg/mle] AT},
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o] FAAL FHF 1830712 71A T
7t F23le F33%71 0.06-0.087HA F7}
ko) 30-66A1 7HAE Hold Tol F
A18kA) 231 35 += 0.06-0.082 A3}
Aot Methicillin®] 2x MICQ! 2.0ug/ml, 4x
MICS! 4.0pg/ml, 8x MIC] 80ug/ml
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2ol A3 A HAoh &+AH 50% 2
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A A28 FAase F3x7t 0.357HA
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AE F 1824 A yFZ47= &
F=7t 0257+ A F7hston, 24-30A17F
NAE WFEAEZIZ F3=7F 0.087HA 2
A4 F 30-54A12F AAE FFE7) 0.08
2 FAHY 54-66A17 A= F3 =}
0.157+A] A A3 F7F8F A o} Methicillinol 1
x MICEZAAE #F9 F2lo] ozt %L
U EF3x7F 001 A=Y, 2x MIC, 4x
MIC, 8x MICE =2 g8 283 A A
DT T F24o] JAHAG.

o] 24 methicillindl 440 FFN4 0.
5x MIC %9 methicillin®]l &4 T
Z20] gAHFANLH, 1x MIC FEAM=
T Z4o] A3 JAHJo Y AHEEA
oL} 2x MIC % o= A2
sgom zt F59 methicillin 1A para-
doxic effecte YERGA &%ttt

3. Bz A 2 ® MRSAZFY methicillin
SR FAFA L Ex2 FE EE
A9 MRSA 8220%:9 methicillin®l] i3t
MICE 256pg/mio] 2129, Muller-Hinton¥l
¢t 50% % o] F7FE Muller-Hinton
v A o)) methicillin® .0.5x MIC, 1x MIC, 2x
MIC, 4x MIC, 8x MIC 5% 73 F o
7o FAL dHEFE F 6-12A 7 dFF
A7NQew, 24A17ke F7I1AA 7] @t
F3=7F 0801021, 48-66A1N74A F%
=7} 0632 A AAE ZA3E
Methicillino] 05x MICS! 128ug/ml&2

wﬂ@ﬂir‘}lz_\ioma

.

WA AN A o] F FAZL # HF F 12-
244 7r0] YF4SA71do s, 30417k F71

272 E3%7}t 0.6 SEHIAOH 36-66
A|7ro] AME 2 F3 =7} 0252 TA3HA
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Fig. 1 Growth curves of S. aureus 25389 in the Muller-Hinton
broth containing vrius concentrations of methicillin.

Q ~ -0 Muller-Hinton broth e___® MAM contained 50 horse serum
& - 4 0.5pg/ml of methicillim 4 0.5ug/ml of methicillim

@ _ _o lpg/ml of methicillim ¢ 8 11lug/ml of methicillim

o —_xo 2pg/ml of methicillim e __ » 2ug/ml of methicillim
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Fig. 2. Growth curve of S. aureus 4817 in the Muller— Hinton
broth contained with various concentration of methicillin.

A _4 32ug/ml of methicillin;
a. - o 128ug/ml of methicillin;
x._ x 512ug/ml of methicillin;

Q- — O Muller—Hinton broth;
0__ 0 64ug/ml of methicillin:
e — o 256ug/ml of methicillin;
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Fig. 3. Growth curve of S. aureus 4817 in the 50% serum added
Muller—Hinton broth contained with various concentration
of methicillin.
®__® Muller—Hinton +50% serum; 4 4 32ug/ml of methicillin;
L__ ¥ 64yug/ml of methicillin; & 128ug/ml of methicillin;
e+ 256ug/ml of methicillin; x x 512pg/ml of methicillin;
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Fig. 4. Growth curve of S. aureus 8220 in the Muller—Hinton

broth contained with various concentration of methicillin.

Q0 Muiler—Hinton broth; ¢ 0 128ug/ml of methicillin;
4—a 256ug/ml of methicillin; a—0 512ug/ml of methicillin;
Y% 2048ug/ml of methicillin;

a—»o 1024ug/ml of methicillin;
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Fig. 5. Growth curve of S. aureus 8220 in the 50% serum added
Muller—Hinton broth contained with various concentration

of methicillin.

QO 50% serum containing MHB, Q__Q 128ug/ml of methicillin;
A A 256ug/ml of methicillin; o a 512ug/m! of methicillin;
a0 1024pg/ml of methicillin; ¥ ¥ 2048pg/ml of methicillin;
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Fig. 6. Growth curve of S. aureus 4806 in the Muller—Hinton
broth contdined with various concentration of methicillin.

a—<a Muller—Hinton broth; A A 256pg/ml of methicillin;
0 512pg/ml of methicillin(MIC) a__a01024pg/ml of methicillin;

¥ ¥ 2048ug/ml of methicillin
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Fig. 7. Growth curve of S. aureus 4806 in the 50% serum added
Muller ~Hinton broth contained with various concentration
of methicillin.

&__o Muller—Hinton +50% serum; L4 256pg/ml of methicillin;

£ 512pg/ml of methicillin(MIC) a__81024ug/ml of methicillin;
Y ¥ 20648ug/mi
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Fig. 8. Growth curve of S. aureus 8220 in the Muller—Hinton
broth contained with various concentration of oxacillin.

0O O 64pg/ml of oxacillin,
O 1256pg/ml of oxacillin,

0 0 1024pg/ml of oxacillin

o o Muller—Hinton broth,
A A 128pg/ml of oxacillin,
v ¥ 512ug/ml of oxacillin,
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Fig. 9. Growth curve of S. aureus 8220 in the 50% serum added
Muller—Hinton broth contained with various concentration
of oxacillin.

@ 250% serum containing MHB Q0 64pg/ml of oxacillin.
4___A128ug/ml of oxacillin, o a256ug/ml of oxacillin,
X ¥512ug/ml of oxacillin, 0 0 1024ug/ml of oxacillin
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Fig. 10. Growth curve of S. aureus 8220 in the Muller—Hinton
broth contained with various concentration of cefatrizine.

Q O 64ug/ml of cefatrizine,
a0 256ug/mi of cefatrizine,

o o Muller—Hinton broth,
A 21024ug/ml of cefatrizine

0 0128ug/ml of cefatrizine,
¥___¥512ug/ml of cefatrizine,
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Fig. 11. Growth curve of S. aureus 8220 in the 50% serum addes
Muller— Hinton broth contained with various concentration
of cefatrizine.

2 050% serum containing MHB, Q___Q64ug/ml of cefatrizine,
0 0128ug/ml of cefatrizine,
¥ __¥512pg/mi of cefatrizine,

a__n256ug/ml of cefatrizine,
A 711024ug/ml of cefatrizine
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Fig. 12. Growth curve of S. aureus 8220 in the Muller—Hinton

broth contained with various concentration of tetracyline.

Q0__0 32pg/ml of tetracycline,
o a128ug/ml of tetracycline,

Q__ _0 Muller—Hinton broth,
v_¥512ug/m! of tetracycline,

A___A 64ug/ml of tetracycline,
a___o 256ug/ml of tetracycline,
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Fig. 13. Growth curve of S. aureus 8220 in the 50% serum added
Muller —Hinton broth contained with various concentration
of tetracyline.

O 050% serum containing MHB, 0 0 32ug/ml of tetracycline,
A A 64ug/ml of tetracycline, n__n128ug/ml of tetracycline,
- 02256ug/ml of tetracycline, Y v512pg/ml of tetracycline,
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Table 2. L—form colony formation of S. aureus 8220 in the Mul ler—Hinton
broth contained with various concentration of antibiotics.

concentration of antibiotics

Control 0.5x MIC 1x MIC 2x MIC 4x MIC 8x MIC
Methicillin - + - — - -
Oxacillin - + -~ — - —
Cefatrizine - + - - — —

Tetracycline -
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Fig. 14 The colony morphology of L—form and normal S. aureus 8220
on the MH agar contained with 0.5x MIC of cefatrizine.

Normal colony . Large black color
L—form colony : Small yellowish color
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Hjl %7k 20%, MBCZF MICS] 4uj
o4 A$7F 20% 1At

MRSA 20F% tetracycline®l th & MIC}

MBC7} #<& ZH$+ 10%, MBC7} MIC
o] 2viel A$7} 55%, MBC7t MIC9] 3

wjel ZA$-7} 25%, MBC7H MICY] 4+l
o]l BS7t 5%l Ut

MRSAT= &5 Muller-Hinton®} A o] 4
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