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Fig. 1 i). Checkerboard plates for the determination of combined effects (meropenem [MEPM] + ciprofloxacin
[CPFX] + amikacin [AMK]). Antibacterial combinations and concentrations were designed with two plates (a to-
tal of 192 wells) for single, double and triple combinations.
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Table 1 i). MIC values for single, double and triple combinations of meropenem (MEPM), ciprofloxacin
(CPFX) and amikacin (AMK) against 40 strains
. . Statistical
MIC (ug/mL) Minimum Maximum Mean = SD o
significance
Single MEPM 16 32 31.6*253
MEPM + CPEX 4 32 305%56 | EL ¥
MEPM Double
MEPM + AMK 1 32 23.6+11.7 — %
Triple MEPM + CPFX + AMK 0.25 32 18.5+12.2
Single CPFX 8 8 8 — %
MEPM + CPFX 1 8 76*1.6
CPFX Double *
CPFX+ AMK 1 8 75*1.6 %
Triple MEPM + CPFX + AMK 1 8 4.1£33 Q
Single AMK 64 64 64 =
g J *
MEPM + AMK 0.5 64 50.6 +18.5
AMK Double *
CPFX + AMK 32 64 60.8+9.7 %
Triple MEPM + CPFX + AMK 0.5 64 42.7+19.0

05 1, 2, 4, 8 16ug/mL), CPFX (0, 1, 2, 4ug/
mL), AMK (0, 05, 2, 4, 8, 32ug/mL), ii) PIPC
0, 1, 2, 4pug/mL), AZT(0, 1, 2, 4, 8, 16 ug/mL),
ABK (0, 1, 2, 4ug/mL) THhb, 7L—HM3, 1) T
20, i) TIRIBEEH L7z, %8B, Fig.1 o Cikkata
v huo—LVEET,

Fig.1 i) TiZ MEPM + CPFX + AMK OflA G b2
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Table 1 ii). MIC values for single, double and triple combinations of piperacillin (PIPC), aztreonam
(AZT) and arbekacin (ABK) against 40 strains
. . Statistical
MIC (ug/mL) Minimum Maximum Mean = SD o
significance
Single PIPC 8 8 8
PIPC + AZT 1 7E2.
PIPC Double ¢ 8 6.7 . %%
PIPC + ABK 1 8 78*1.1
*
Triple PIPC + AZT + ABK 1 8 32%*28
Single AZT 4 32 29.1+81
PIPC + AZT 2 32 275%9.2 * *
AZT Double
AZT + ABK 1 32 208+10.7 — ES
Triple PIPC+ AZT + ABK 2 32 16.2+9.9
Single ABK 8 8 8 7*
PIPC + ABK 4 8 79%0.6 *
ABK Double
AZT + ABK 1 8 46*32 — %
Triple PIPC + AZT + ABK 1 8 3.6+27
*P<0.05
7zo 25tk (806%) T -7z
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WSRO 1, MDRP #i53E# 3 22 b5 MEPM=16
ug/mL, CPFX=4 ug/mL, AMK=32 ug/mL ®» 3T
72 TAROEIAIE, 100% (40/40) 25 42.5% (17/40)
NEET L7,

m. £ =
MDRP JEHEEHFEICE LT, /T3 iESH colis-
tin (CL) 2MEH & TWaAHRY, EHNTIRTZKESN
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Fig. 2 i). Line graphs of MIC values for MEPM against 24 strains for single (meropenem
[MEPM]), double (MEPM + ciprofloxacin [CPFX], MEPM + amikacin [AMK]) combinations,
and triple (MEPM + CPFX + AMK) combinations.
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Fig. 2 ii). Line graphs of MIC values for PIPC against 31 strains for single (piperacillin [PIPC]), dou-
ble (PIPC + aztreonam [AZT], PIPC + arbekacin [ABK]) combinations, and triple (PIPC + AZT +

ABK) combinations.
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Table 2. Combined effects (synergism, addition, indifference or antagonism) based on the fractional inhibitory concentration (FIC)
index for antibacterial combinations (meropenem [MEPM], ciprofloxacin [CPFX] and amikacin [AMK]; piperacillin [PIPC],

aztreonam [AZT] and arbekacin [ABK]) against 40 strains

FIC index FIC effect
Drug combination
Range Average | Synergism | Addition | Synergism + Addition | Indifference | Antagonism
MEPM + CPFX 06-2.0 19 0( 0%) | 2( 5.0%) 2( 5.0%) 38 (95.0%) 0 (0%)
_ Double MEPM +AMK 0520 15 3( 7.5%) | 12 (30.0%) 15 (37.5%) 25 (62.5%) 0(0%)
) CPFX + AMK 0620 1.9 0( 0%) | 4(10.0%) 4(10.0%) 36 (90.0%) 0 (0%)
Triple MEPM+CPFX+AMK | 04-3.0 1.8 4(10.0%) | 20 (50.0%) 24 (60.0%) 16 (40.0%) 0(0%)
PIPC + AZT 06-2.0 18 0( 0%) | 6(15.0%) 6 (15.0%) 34 (85.0%) 0 (09%)
__ Double PIPC+ABK 0620 2 0( 0%) | 1( 2.5%) 1( 2.5%) 39 (97.5%) 0 (0%)
ii) AZT + ABK 0.4-2.0 13 3( 7.5%) | 18 (45.0%) 21 (52.5%) 19 (47.5%) 0(0%)
Triple  PIPC+AZT + ABK 0.5-3.0 14 13 (32.5%) | 18 (45.0%) 31 (77.5%) 9 (22.5%) 0(0%)

Criteria for double combination

Synergism: FIC index =0.5
Addition: 0.5=FIC index =1.0
Indifference: 1.0= FIC index =2.0
Antagonism: FIC index >2.0
Criteria for triple combination
Synergism: FIC index =0.75
Addition: 0.75= FIC index =1.5
Indifference: 1.5= FIC index =3.0
Antagonism: FIC index >3.0

TEhLHEL TS, LK, MDRP XY AHUH
35 3 AP AR O ENHEBNE, FRZBR Y TIEERT
Ehehoiz. —J, #HTIE Bianca & ASZENREHERE B
Hh> 5408 S L7z MDRP 1235 C, MEPM + AMK + ce-
fepime & MEPM + CPFX : HERT, X RIEBE VD
bIF T %L, &DREW L HH T TOB+MEPM,

TAZ/PIPC, CPFX, AZT, ceftazidime Td» 5 & #Hifi L
TWhb, F72, A4, ¥ L T A3 Acinetobacter
2R L T invitro TO 2H B H = 3HIFH @

baumannii

ARG L722HE S 5 5™ 20 &) IZiEshCcid

vivo TOMRFVHEATE Y, MOIFEAIMERICOVWTH
2HIBER 2T LK, SHDOHHAREIRT SN T 5,
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Table 3. Comparisons of MIC and susceptibility (susceptible [S], intermediate [I] or resistant [R]) for each tested strain (n = 40)

between single (meropenem [MEPM], ciprofloxacin [CPFX] or amikacin [AMK] alone) and triple (MEPM + CPFX +
AMK) combination. The strains which meet the reporting criteria for multidrug-resistant Pseudomonas aeruginosa (the
MIC was >16 ug/mL of MEPM, >4 ug/mL of CPFX, and >32 ug/mL of AMK) are shown in boldface.

. Single Tl‘iple (MEPM + CPFX + AMK)

St N EPM (ug/ml) | CPEX (ug/ml) | AMK (ug/ml) | MEPM (ug/ml) | CPFX(ug/ml) | AMK (ug/mi)
1 32 8 64 32 (R) 8 (R) 64 (R)
2 32 8 64 4(9) 1(8) 32 ()
3 32 8 64 32 (R) 8 (R) 64 (R)
4 32 8 64 32 (R) 8 (R) 64 (R)
5 32 8 64 1(8) 2D 32 ()
6 32 8 64 32 (R) 8 (R) 64 (R)
7 32 8 64 8 (1) 1(8) 32 (1)
8 32 8 64 32 (R) 8 (R) 64 (R)
9 32 8 64 05 (S) 2 (1) 32 ()

10 32 8 64 32 (R) 8 (R) 64 (R)
11 32 8 64 2 (S) 2 () 8 ()
12 32 8 64 16 (R) 1(S) 32 ()
13 32 8 64 32 (R) 8 (R) 64 (R)
14 32 8 64 0.25 (S) 1(S) 32 (1)
15 16 8 64 4(9) 1(S) 32 ()
16 32 8 64 8 () 1(8) 32 ()
17 32 8 64 4(S) 4 R) 32 ()
18 32 8 64 8 (1) 1(8) 32 (1)
19 32 8 64 4(9) 1(8) 32 ()
20 32 8 64 16 (R) 1(S) 32 ()
21 32 8 64 16 (R) 1(S) 32 (1)
22 32 8 64 8 () 2D 32 ()
23 32 8 64 32 (R) 8 (R) 64 (R)
2 32 8 64 32 (R) 8 (R) 64 (R)
25 32 8 64 32 (R) 8 (R) 64 (R)
2% 32 8 64 32 (R) 8 (R) 64 (R)
27 32 8 64 32 (R) 8 (R) 64 (R)
28 32 8 64 16 (R) 2 (1) 4(S)
29 32 8 64 32 (R) 8 (R) 64 (R)
30 32 8 64 16 (R) 1(8) 32 ()
31 32 8 64 32 (R) 8 (R) 64 (R)
32 32 8 64 32 (R) 8 (R) 64 (R)
33 32 8 64 16 (R) 1(8) 32 ()
34 32 8 64 16 (R) 4 (R) 32 (1)
35 32 8 64 16 (R) 1(8) 32 (1)
36 32 8 64 16 (R) 1(S) 0.5 (S)
37 32 8 64 16 (R) 1(8) 32 ()
38 32 8 64 32 (R) 8 (R) 64 (R)
39 32 8 64 0.5 (S) 1(8) 32 (1)
40 32 8 64 16 (R) 1(8) 32 ()

S OWEST, i) MDRP O 3EHETH 5 B VN A

A Z#H| D MEPM, 7 V40 /0y R#HK o CPFX,
7 X/ BHiRO AMK @ 32T 5 &, PRHICLD
MIC i 2T L 72 Wk 257880 & 720 MIC il 23K T
L7z 2 & TR MBS b 215 A 5, MDRP #ii
FE # (MEPM=16 ug/mL 7 2 CPFX=4 ug/mL % 2
AMK =32 pug/mL) 1255243 2 kD E A1 100% (40/40)
M5 425% (17/40) ~NEKF L7zs L722%57C, MEPM,
CPFX, AMK OZ PO BANIIZFEEZRLTDH, 3
RAEDHT A2 L CTHRITEAMIIRETE 5 2 LaREN
720 MM AEHEE LT, ii)PIPC+AZT +ABK 125

WD invitro TO 3FIBFARIRAVR S 7z,
WAE, 2 FIGE BT in vitro BERIZI R 7 — 7 124
i 57z MDRP JE B T OB RO A AL S < #idy
ENTVE L0 3HIGEHBEICOWTIEHL T
T\, S, SHPHBEOEREWEIZTSH 2T,
DA E LRI DONWTD invitro PRI R T — 7 24
L, BRI TAZENHELEZ LN
X ik
1) BAGHER—LR=
http://www.mhlw.go.jp/bunya/kenkou/kekkaku-
kansenshoull/01-05-42.html
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Combined effects of triple antibacterial agents in vitro
against multidrug-resistant Pseudomonas aeruginosa

Yumiko Koba", Kazuro Ikawa”, Makoto Onodera”,
Rie Nagaoka”, Toshinori Hara", Yumiko Joichi”,
Michiya Yokozaki”, Hiroki Ohge” and Norifumi Morikawa”

U Department of Clinical Support, Hiroshima University Hospital

? Department of Clinical Pharmacotherapy, Institute of Biomedical and Health Sciences, Hiroshima University,
1-2-3 Kasumi, Minami-ku, Hiroshima, Japan

% Department of Clinical Laboratory, Hiroshima University Hospital

¥ Department of Infectious Diseases, Hiroshima University Hospital

This in vitro study examined the combined effects of triple antibacterial agents against multidrug-
resistant Pseudomonas aeruginosa(MDRP). The tested isolates in Hiroshima University Hospital were 40
strains which met the reporting criteria for MDRP, that is, the minimum inhibitory concentration(MIC) was
>16 ug/mL of meropenem(MEPM), >4 ug/mL of ciprofloxacin(CPFX) and, =32 ug/mL of amikacin
(AMK). Combinations of antibacterial agents were: i) MEPM, CPFX and AMK, and ii) piperacillin(PIPC), az-
treonam(AZT) and arbekacin(ABK). Using the original checkerboard plates, MIC values were determined
for single, double and triple combinations. Based on the MIC values, fractional inhibitory concentration in-
dex values were calculated and the combined effects (synergetic action or additional action) were evaluated.
In terms of the combination i), MEPM + CPFX + AMK showed the greatest combined effects against 24
strains (60.0% of 40 strains), decreasing in the mean MIC value of each antibacterial agent. The proportion of
strains which met the reporting criteria for MDRP (the MIC was =16 pg/mL of MEPM, >4 pug/mL of
CPFX, and =32 u g/mL of AMK) decreased from 100% (40/40) to 42.5% (17/40). In terms of the combination
i), PIPC + AZT + ABK showed the greatest combined effects against 31 strains (77.5% of 40 strains), decreas-
ing in the mean MIC value of each antibacterial agent. These combined effects of triple antibacterial agents
against MDRP tested in vitro should be verified and compared with those of other combinations.



