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Table 1. The VUS (volume under the surface) index was calculated by
the three-dimensional checkerboard method to evaluate the
in vitro combined effect of three antimicrobial agents
Range Criteria
VUS index = 0.75 synergy
0.75 < VUS index < 1.0 partial synergy
VUS index =1.0 indifferent
1.0 < VUS index antagonism
Table 2. Mean VUS indices of a combination of piperacillin,
amikacin and minocycline against clinical isolates
Species Number of strains Mean VUS indices
Total 87 <0.702
Staphylococcus aureus 10 =0.867
Escherichia coli 17 =0.679
Klebsiella pneumoniae 20 =0.578
Serratia marcescens 20 <0.726
Pseudomonas aeruginosa 20 <0.847
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Strain . K. pneumonice No.8

MICa=12.5 ug/mi
MICp=0.78 ug/ml
MICc3.13 ug/ml
VUS index =52/96

=0.541667

> Optimum combination
T X(A) PIPCw :0.39ug/mi
<) AMKw: : 0.1ug/ml
N MINOw) : 3.13ug/ml
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Fig. 1. Display of the combined effect on Klebsiella pneumoniae No.8

Strain : S. marcescens No. 1

MICa=1.56 ug/ml
MICs=0.39 ug/ml
MICc23.13 ug/ml
VUS index21/36
=0.583333
Optimum combination
PIPCia» :0.39ug/ml
AMKwp :0.1ug/ml
MINOw : 3.13 ug/ml

Fig. 2. Display of the combined effect on Serratia marcescens No.1

Strain : S. marcescens No8

MICa=25 ug/mi
MICs=3.13 ug/ml
MICc=23.13 ug/ml
VUS index=124/192
=0.645833
Optimum combination
PIPCa» :1.56 ug/ml
AMKp) :0.39ug/ml
MINO : 3.13 ug/ml

Fig. 3. Display of the combined effect on Serratia marcescens No. 8
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COMBINATIONS OF THREE ANTIMICROBIAL AGENTS (IV)

THE IN VITRO COMBINED EFFECT OF THREE ANTIMICROBIAL AGENTS
ANALYZED BY THE THREE-DIMENSIONAL CHECKERBOARD METHOD
USING A PERSONAL-COMPUTER SYSTEM

AKIRA WATANABE, NAOTD KITAMURA, KOTARO OlZUM(, YOSHIH[RO HONDA,

Reko Ono, Yutaka Tokue, Satoru Suoyn and Masakici: Moromiva
Department of Internal Medicine, Research Institute for Chest Diseases and Cancer,
Tohoku University, Seiryomachi 4—1, Aoba—ku, Sendai 980, Japan

We have devised a new method for the analysis of the iz vitro combined effect of three
antimicrobial agents by using the three—dimensional checkerboard method as reported by us
previously, in which a new program designed by us for a personal computer system (NEC PC
-9801, Nihon-Denki Co. Ltd., Japan) was applied. 1.5X107*ml of an overnight culture of 87
strains consisting of 10 strains of Staphylococcus aureus, 17 of Escherichia coli and 20 each of
Kiebsiella pnewumoniae, Serratia marcescens and Pseudomonas aeruginosa were inoculated into the
microtiter plates containing varying concentrations of piperacillin (PIPC), amikacin (AMK) and
minocycline (MINO) which were prepared by the MIC 2000 system based on the three
—-dimensional checkerboard method. The MIC values were input into the program after 20 hours’
incubation at 37°C, and then VUS (volume under the surface) values, VUS index and optimum
combinations of three agents were calculated for each strain and species. A VUS index of less
than 0.75 was evaluated as “synergism”, one between 0.75 and 1.0 as “partial synergism”. The
effect of combination as “indifference” when the VUS index was 1.0 and as “antagonism” when
it was more than 1.0. The combination of the three agents was found to be synergistic against all
the species as shown by a mean VUS index of 0.702. The mean VUS index for each species was
0.867 against S. aureus, less than 0.679 against E. coli 0.578 against K. pneumoniae, 0.726
against S. marcescens and 0.847 against P. aeruginosa. We conclude from the above results that
the computer—aided three—dimensional checkerboard method is useful for the analysis of the in
vitro combined effect of three antimicrobial agents.



