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Combination Effects of Antimicrobial Drugs to Methicillin-
Resistant Staphylococei

Jong Wook Park, MD; Doki Chun, MD

Department of Microbiology, Keimyung University
School of Medicine, Taegu, Korea

One hundred and thirty-one strains of staphylococci isolated from various clinical specimens in
1985 were tested for antimicrobial susceptibility to 16 drugs by microdilution broth method, and
24 strains were found to be resistant to methicillin (Mt). Mt-resistant staphylococei (MRS) were
in most cases resistant to the other drugs tested except vancomycin (V¢) in high frequency, but
most Mt-susceptible staphylococci were susceptible to the drugs except erythromyein (Em),
tetracycline, gentamicin (Gm), and Kanamycin (Km).

The combined activity of Mt with the other drugs was tested on MRS by checkerboard and
time-killing methods. Em showed marked synergistic activity with Mt with fractional inhibitory
concentration (FIC) index of 0.05 to 0.5 in 95% of strains. Ve, ampicillin, cephalothin, and
peniciilin also showed synergistic effects in more than 50% of strains. The combination of oxacillin
also showed the synergistic activity with some other drugs, such as Lm. rifampin, and trimetho-
prim. Gm was antagonistic with Mt in some strains, and Km was antagonistic with Mt in most

strains. V¢ was synergistic with Mt, and moxalactam.
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Table 1. MICs of antimicrobial drugs against staphylococci grown in different
compositions of media at 35°C for %:—%4 nours

MIC (pg/ml) in medium:*

Drug Strain no.
A B C D E F G H
Methicillin 1 =2 =2 =2 =2 =2 =2 =2 =2
3 =2 =2 =2 =2 =2 =2 =2 =2
21 128 128 >128 128 128 128 128 256
23 16 32 32 32 32 16 64 64
25923 4 4 2 4 4 4 4 4
Chloramphenicol L 8 8 8 4 4
3 8 8 8 8 8 8 4 4
21 128 64 128 64 64 128 128 256
23 8 8 8 8 8 8 8 8
25923 4 4 4 4 4 4 4 4
Ampicillin L 4 8 4 8 8 4 4 4
3 4 4 =2 8 4 4 =2 =2
2] 128 >128 >128 >128 >128 >>128 64 128
23 4 8 16 8 8 16 32 16
25923 =2 =2 =2 =2 =2 =2 =2 =2
Cephalothin 1 =2 =2 =2 =2 =2 =2 =2 =2
3 =2 =2 =2 =2 =2 =2 =2 =2
21 32 32 32 32 64 32 64 64
23 4 4 32 16 32 16 64 64
25923 =2 =2 =2 =2 =2 =2 =2 =2

sMedia: A, MH broth (Difco) plus 0.3% glucose and 0.004% phenol red; B, A plus 2% NaCl;
C, A plus 0.3% yeast extract; D, A plus 2% NaCl and 0.3% yeast extract; E, cation
supplemented A (CSMH) plus 2% NaCl; F, CSMH plus 0.3% yeast extract; G, MH
agar; H, MH agar plus 0.3% yeast extract.

vReference strain, S. aureus ATCC 25923,

Table 2. Resistance of staphylococei to methicilln

MIC of Mt* (ug/mi) No. of strains Strain no.
> 256 5 21, 26, 38, 42, 105
256 4 74, 76, 84, 87
128 2 28, 86
64 5 23, 46, 77, 106, 123
32 3 70, 121, 131
16 5 13, 61, 81, 83, 112
8 2 75, 97
4 9 35, 89, 91, 104, 115, 120, 124, 125, 129
=2 9%
sMethicillin.

A3x Mt WA F3t Mt 444355 FA s Aol Wgtek. 53 Em, Km, GmelaisiAE =&
microdilution ¥ & 2 T A4 H A4+E s = Mt WA =FF74 gL vellled, Pc 2 555
HRE Az oz Aol =FL A7t Ve WAL e A AR gAE BE TR A S
Fbrde] st ovl, Mtuly T3E 443l el s, =8 Te, Ak, Ct, Mx 5l E Mt
wal Veg ASg vnla kA Feol g A E HFFE T75%0) Aol WAA-& vebdivh A&
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Table 3. Susceptibility (%) to 12 drugs of methicillin-resistant and methicillin-susceptible

staphylococci
Drug®
Strain Category® e
Pce Em Cm Te¢ Ap Gm Km Ak Ct Cf Mx Ve
MRSe R 67 100 58 92 58 100 100 83 75 42 88 0
MS 33 . 4 . 38 ; 25 12 .
S . . 38 8 4 . . 17 20 33 . 100
MSS¢ R 7 43 21 76 6 41 43 . . . 1 0
MS 55 1 2 3 . - 2
S 37 57 78 24 94 K 57 97 100 100 97 100

‘R, resistant; MS, moderately susceptible; S, susceptible (determined by criteria of NCCLS).
»Abbreviation; see materials and methods.

*Methicillin-resistant staphylococci.

dMethicillin-susceptible staphylococci.

Table 4. Effect of combination between methicillin and other drugs against staphylococei

Drug combined with methicillin

Species Strain no.
Em V¢ Ap Tp Ct Pec Na Rf Cf Ak Tc M\ Gm Cm I\m

S. aureus 13 +H b e . t . . . . .
21 L T L EEE R T S S T B
23 O A - . -
26 oo H ! ! o i H . . . . +- -
28 B S S T L . . -
28 ‘* - T . I> | i . . . . . .

42 HooH L P S . . . . .
46 # - S . . . . . . -+ . . —_
61 . . . . . . . . O
70 4 Booe b e e
74 -+
76 - Ll d- e . e e . . . . —
84 i T .
86 iy b e e e
106 i L AN | ST S T S S
131 it o4k LI .
S. albus 77 it . . L . .
81 i . . .
83 8] . . e . .
87 it i e 4 e e e . . . -«
105 1 . HE ¢« o i .
112 itt i i . .
121 I . . .
123 . 4 . -+ .

*H . Synergism, FIC index (=0.3).

4 ! Synergism, FIC index (=o0.4).

+ Synergism, FIC index (=0.5).
: No synergism nor antagonism, FIC index (<2
: Antagonism, FIC index (=2).

Blank not tested.
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Table 5. Combination effect of methicillin and other drugs against staphylococci

Drug combined

Effect of combination

No. of Range of FIC index

with Mt Sy(n%ggy Additive Indifference Antagonism Siggigg (mean):
Em 21(95) 1 22 0. 05—0. 5(0. 18)
Ve 7(88) 1 8 0.25~—0.5(0.4)
Ap 12(75) 4 . 16 0. 25-—0. 500, 41)
Tp 11(61) 5 2 18 0. 15—0. 5(0. 35)
Ct 10(59) 7 . . 17 0.16—0. 5(0. 37)
Pc 12(55) 7 3 22 0.37—0. 5(0. 43)
Na 9(43) 10 2 . 21 0.19—0. 5(0. 33)
R{ 8(42) 5 6 19 0. 25—0. 5(0. 33)
Cf 6(38) 9 1 16 0. 19-—0. 5(0. 36)
Te 3(18) 10 4 17 0.31—0. 5(0. 44)
Ak 2(15) 5 6 13 0. 38—0, 5(0, 44)
Mx 1¢9) 5 5 11 0.5(0.5)
Cm 1(8) 10 2 . 13 0.5(0.5)
Gm . 8 3 1 12
Km 2 8 10
=Synergistic index.
thal 7o Te, Cf, Ct, Ak oAl 59 17%~ 61%el # Feg okgd] 5% leben, 29
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Fig.1. Effect of methicillin (Mt) and erythro-
mycin (Em), alone and in combination,
on the kllhng of Staphylococcus aureus
(strain no. 21). Drug concentrarions
are 1 MIC of Mt and 1/2 MIC of Em.
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Fig. 2. Iffect of methicillin (Mt) and erythro-
mycin (Em), alone and in combination,
on the Kkilling of Staphylococcus albus
(strain no. 105). Drug concentrations
are 1 MIC of Mt and 1/2 MIC of Em
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Table 6. Combination effect of oxacillin and other drugs against staphylococci

Drug combined Lffcct ol Lombmatlon No. of Range of FIC index
with Ox» Synergy (% ) Addm\ e Indxffcrence Amagomsm ?‘t::lségq (mean)

Em 8(100) 8 0.1 —0.5 (0.23)
Tp 5(63) 3 . 8 0.38—0.5 (0.43)
Rf 3(50) 3 . 6 0. 31—0. 38(0. 36)
Mx 3(43) 2 2 7 0.25—0.5 (0.42)
Pc 2(25) 6 . 8 0.5 (0.5)
Ap 2(25) 6 8 0.38—0.5 (0,44)
Na 2(25) 2 4 . 8 0.5 (0.5)
Ak 1(14) 4 2 . 7 0. 38(0.38)
Gm 1(13) 2 4 1 8 0.5 (0.5)
Ct 5 2 7

Ct . 6 1 7

Te . 4 3 . 7

Cm . 3 3 . 6

Km . 2 . 6 8

'Oxacdlm.
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Table 7. Combination effect of vancomycin and other drugs against staphylococci

Drug combined Effect of cmbination No. of Range of FIC index
with Ve Synergy(%) Additive Indifference Antagonism :égat\égs (mean)

Mt 7(88) 1 8 0.25—0.5(0.4)
Mx 6(75) 2 8 0.31—0. 5(0. 42)
Em 1(13) 6 1 . 8 0.5(0. 5)
Pe . 2 6 . 8
Cm . 8 . 8
Te 8 8
Km . 8 8
Ak . 3 5 . 8
Tp . 5 3 8
Ap 5 3 8
Cf . 5 2 7
Ct . 7 1 8
R . 1 7 g

a . 1 6 1 8
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Effect of methicillin (Mt) and vancomycin
(Vc), alone and in combination, on the
killing of Staphylococcus aureus (strain
no. 42). Drug concentrations are 1/2
MIC of Mt and Ve.
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