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Figure 1: Layout of the checkerboard microdilution plate for the combination of DAP (drug A, MIC 4 mg/L) and AMP Table 2: S. aureus strains for which synergistic activity of DAP with beta-lactams was observed
A b traCt (drug B, MIC 128 mg/L) against high-level GEN-resistant strain EFM G27-47 Resistance
S Strain Combination No. of ZFIC ZFIC range Interpretation
t g F
128 ~128 128 128 128 _~Tizs_~fizs_~iz8_ATize _AJizs AJizs _~izs 128 _~T128 128 128 RIENOYRE
Background: Daptomycin (DAP), a cyclic lipopeptide, exerts rapid bactericidal activity against cl|n|cal|y important 0 125 25 0.5 1 2 4 ( 16| 32 64 | A28 | ~256| 12 024 048 ATCC 29213 MSSA DAP + CRO 12 0.38-1.13 3x synergism, 9x indifference
Gram-positive bacteria including multidrug resistant organisms such as -resistant ph 64 64 64 64 64 (64 64 64 64 64 64 l64 64 64 (64 64 ATOC 43300 VRSA Py p—— P 535100 F T ——————
aureus (MRSA) and vancomycin-resistant enterococci (VRE). Since DAP may be used in combination wuh other < e 125 = 2 o 05 - 1 < 2 < 4 o 8 <z 1 o 32 o o = 126 o 256 o 12 = 1024 = 2048 S Synerosm.
antibiotics, we evaluated the in vitro activities of DAP in combination with 14 other drugs against a panel of o 125 %5 of3 1 2 1 5 () % % | A 556 T2 1024 5048 DAP + CAZ 17 0.50-1.13 2x synergism, 15x indifference
S. aureus (SA) and enterococcal isolates. 16 16 16 16 16 16 16 16 16 16 16 16 MRSA, )
Methods: Thirty strains including VRE, MRSA, vancomycin-intermediate SA and daptomycin-resistant isolates 2 0 < 125 < 25 < 05 < 1 < 2 < 4 < 8 < 16 < 32 < Ll no gl’OWth 24 < 2048 710-2:36 R to DAP (MIC 4 mg/L) DAP + CAZ 16 0.50-1.13 2 synergism, 14 indifference
were studied. Synergy testing was performed by using the checkerboard broth microdilution method. DAP in o Tos | A5 | s 1 2 | % d | | A G27-4 (1032, ST22) MRSA DAP + PIP/TZB 19 0.28-1.06 5x synergism, 14x indifference
combination with vancomycin (VAN), gentamicin (GEN), fosfomycin (FOF), piperacillin-tazobactam (PIP/TZB) a [4 [ [ [ [ 4 g 7 [a 4 a @ a [ [4
. b et - . S g DAP + CAZ 21 0.38-1.03 3x synergism, 18x indifference
amikacin (AMK), rifampin (RIF), ceftazidime (CAZ), ceftriaxone (CRO), meropenem (MEM), imipenem (IPM), - 9 28] 2 05 1 2 4 L] 16 32 64 | 128 | 7256 12 024 048 SUCEIEL
ciprofloxacin (CIP), moxifloxacin (MXF), doxycycline (DOX), or clindamycin (CLI) were tested against 10 SA > 2 % 3 T 3 % 2 = 2 4 5 Z 5 f 5 7 ? T 5 % 5 % 5 e 5 2562 7 5 Toon § Sors DAP + CRO 20 025113 8x synergism, 12x indifference
strains (in total 140 drug combination tests), while DAP in combination with VAN, GEN, AMK, RIF, or ampicillin e [1 1 1 T i i T T 1 T i T 1 T n 1 DAP + IPM 14 0.38-1.06 3x synergism, 11x indifference
(AMP) was tested against 10 strains each of Enterococcus faecalis (EFS) and E. faecium (EFM) isolates (in total 50 ~ 9 25, B 0.5 a 2 & 8 10732 04 LA128 L7256 512 1024 048 G29-23 (1003, ST225) MRSA DAP + CAZ 10 031-1.13 ax synergism, 15x indifference
drug combination tests with each species). The fractional inhibitory concentration indices (EFICs) were calculated < [0E.A]o5 05 ~0s 05 105 _~105_~05_~los o5 Ao #05 ~05 05 05 05
. " " P 5 o 0 125 25 05 1 2 £ 8 16 32 64 128 256 12 1024 2048 DAP + IPM 19 0.38-1.13 3x synergism, 16x indifference
to interpret the results. Synergism was defined as ZFIC <0.5, indifference as EFIC >0.5 to <4, and antagonism as S =~ 025 _~lo25 10.25 71025 71025 ~]0.25 71025 7025 71025 ~Jo.55 7025 7oz .25 025
ZFIC >4. fd (] 1 1 f 2 | A4 d 6| 52| Ao | A | A6 | A2 1024 a8 Mu3 hVISA DAP + PIP/TZB 22 0.25-1.50 7x synergism, 15x indifference
Results: Of 140 drug combination tests performed with the 10 SA strains, 125 showed no significant effect. In a Pz 45> Sl P P P e P s DAP + CAZ 22 0.27-1.13 6x synergism, 16x indifference
contrast, synergism was observed for 6, 3, 4, and 2 strains with CAZ, CRO, PIP/TZB and IPM, respectively. 005 ~To.06 grOVVth % 71006 7006 7006 70,05~ To05 ~To.0_7To.06 7[o.06_~Toos_~Toos Mus0 VISA DAP + PIPITZB 21 0.28-1.06 5x synergism, 16x indifference
Likewise, the vast majority of drug combination tests performed with the 10 EFS strains revealed indifferent 0 1 2 4 B 16 32 64 | 128 256 12 1024 048 AP T CAZ > 075100 P ————
effects. However, DAP plus RIF was synergistic against one strain. Of the 50 drug combination tests performed 003 z jo.o3 e jo.03, Z 00305 jo.os, A 03 A 0.03 0038 003 00332 00354 ‘“‘3128 szss 003512 jo.03 o 0.03 L a ynergiem,
with the 10 EFM, 31 showed no signiyican_t effect, while synergy was observed for 7, 6, 3, and 2 strains with RIF, 5055700 710 015,710 015, 7T 01570 015710 015, 7 [0 05 716 015716 015716 0157 0 015, 7 o 015,715 015, 7T 015, 5 DAP + CRO 21 0.28-1.03 4x synergism, 17x indifference
AMP, GEN, and VAN, and for one strain with AMK. 0 125 .25 1 2 4 8 16 32 64 128 256 12 1024 7048 R, resistance
Conclusions: Generally, DAP combinations showed no significant synergistic effects, however with beta-lactams 1000 A lo.008, z 000825 0-0030 [0.003]0.00¢ z 0.00 0008 0. # 0-0032 oo % 10.00810.003°0.008 ~~(0.008 0.008
(in particular CAZ) there may be a synergistic effect against some SA strains, while DAP combined with rifampin = = 2 s g = z = = 2 z = g = 5 % C25 5 =8 0 12 < 024 < 2048
or ampicillin may be useful in the treatment of EFM infections. 0 125 25 05 1 2 4 8 16 32 64 28 256 %12 To24 2048 Table 3: Enterococcal strains for which a synergistic or antagonistic effect was observed
Resistance
DruQ B (mg/l—) Strain cmeRpe Combination No. of EFIC ZFIC range Interpretation
| ntrOd u Ctl 0 n | —— Indicates the growth / no growth interface | | Wells for which XFICs were calculated | E. faecalis
Daptomycin (DAP) is a cyclic lipopeptide, derived from Streptomyces roseosporus, that binds to the Gram-positive 810-1-1 RtoLZD DAP + RIF 23 0.50-1.13 2x synergism, 21x indifference
bacterial cell membrane and causes a rapid depolarisation of the membrane potential (1, 2). Loss of membrane o116 High1evel R to GEN AP - OEN p 100450 Tox 1% mdifference
potential causes inhibition of protein, DNA, and RNA synthesis. The bactericidal activity of DAP encompasses a wide Table 1: Calculation of the ZFICs for the combination of DAP (drug A, MIC 4 mg/L) and AMP (drug B, MIC 128 mgi/L) 9 - .
range of clinically important Gram-positive bacteria including multidrug resistant organisms such as methicillin- against high-level GEN-resistant strain EFM G27-47 G2-19 high-level R to GEN DAP + GEN 25 1.00-4.50 2x *, 23x indifference
resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE) (1, 3). b
o S . f . Drug B! E. faecium
Antimicrobial combination therapy may be used to ensure coverage of all pathogens in mixed infections or to prevent " FIC, FIC, ZFIC Interpretation
the emergence of resistant mutants. Since DAP may be used in combination with other antibiotics, the objective of (mglL) 820-1-45 DAP +RIF 0.38-1.06 18 3x synergism, 15x indifference
the present studydwas to evalula!e tlhe in vigro alstivi;ly okf D;\P iz Eom:inanolg_\:vi!h 14 o!l:]srddrugs against a panel of 0.125 1.00 0.00 1.00 indifference 820-1-45 DAP + RIF 0.38-1.02 19 ax synergism, 15x indifference
S. aureus (SA) and enterococcal isolates using the checkerboard broth microdilution method. 0.25 1.00 0.00 1.00 indifference ora Tighlevel R to GEN AP T AP 026101 19 % synergiam. 10x indifference
05 100 0.00 100 indifference DAP +RIF 0.50-1.13 17 2x synergism, 15x indifference
Met h (o] d S 1 050 001 051 indifference 820-1-1 Rto LZD DAP + AMP 0.25-1.03 20 4x synergism, 16x indifference
2 050 002 052 indifference DAP +RIF 0.38-1.06 17 3x synergism, 14x indifference
Bacterial strains 4 0.25 0.03 0.28 synergism
820-1-2 RtoLZD DAP + AMP 0.50-1.13 19 2x synergism, 17x indifference
Thirty strains, 10 each of Enterococcus faecium (EFM), Enterococcus faecalis (EFS) and SA were studied. The panel 8 0.25 0.06 0.31 synergism Ve
of strains included VRE (n = 8), MRSA (n = 4), vancomycin-intermediate SA (n = 1) and daptomycin-resistant SA (n = I o3 o3 026 pp— DAP +RIF 0.31-1.06 17 4x synergism, 13x indifference
2) - - ynergls G29-56 VRE DAP + AMP 0.31-1.06 18 4x synergism, 14x indifference
32 0.02 025 027 Synergrem DAP + GEN 0.50-1.06 18 2x synergism, 16x indifference
Synergy studies 64 0.02 050 052 indifference - —
. . . DAP + VAN 0.26-1.13 20 7 sm, 13x indiff
The checkerboard broth microdilution method was performed in Mueller Hinton broth supplemented to 50 mg of 128 0.00 1.00 1.00 indifference A X synergism, 13« indiference
Ca?*/L (Figure 1) (4). DAP in combination with vancomycin (VAN), gentamicin (GEN), amikacin (AMK), rifampin (RIF), s 000 oo oo prTT— G32:31 VRE, DAP + AMK 0.50-1.13 19 2x synergism, 17x indifference
fosfomycin (FOF), piperacillin-tazobactam (PIP/TZB), ceftazidime (CAZ), ceftriaxone (CRO), meropenem (MEM), . high-level R to GEN DAP + GEN 0.38-1.13 25 3x synergism, 22x indifference
imipenem (IPM), ciprofloxacin (CIP), moxifloxacin (MXF), doxycycline (DOX), or clindamycin (CLI) were tested against 128 001 100 101 indifference DAP + RIF 031.1.06 7 2% synergism, 13x indifference
SA s!ralns‘ (in total 140 drug‘ combmguon tests), while DAYP in comblna!!on with VAN, GEN, AMK, RIF, or AMP was 32 0.02 0.25 0.27 synergism G202 VRE. DAP T AP 031103 > I synergiam. 16x ndifference
tested against EFS and EFM isolates (in total 50 drug combination tests with each species). 32 0.03 0.25 0.28 synergism high-evel R to GEN
The plates were read visually for growth or no growth. For wells along the growth-no growth interface, fractional = 006 008 ot — 9 DAP +RIF 0.31-1.03 17 6x synergism, 11x indifference
inhibitory concentration indices (EFIC) were calculated by the formula FIC, (MIC of drug A in combination / MIC of - : - Synergism G20-29 VRE DAP + VAN 0.26-1.06 21 7x synergism, 14x indifference
drug A alone) + FIC, (MIC of drug B in combination / MIC of drug B alone) and interpreted as follows: synergy ZFIC 0.5 16 0.13 0.13 026 synergism G226 VRE DAP + AMP 0.38-1.06 17 3x synergism, 14x indifference
<0.5, indifference ZFIC >0.5 to <4, and antagonism ZFIC >4 (5) (Table 1). Results are presented as the lowest and 1 4 0.25 0.03 0.28 synergism DAP + GEN 050113 6 2 synergism, 14x indifference
highest ZFIC as well as the numbers of ZFICs indicating synergism, indifference or antagonism. 2 1 0.50 0.01 0.51 indifference . -
,resistant; “not clincally significant (see text)
ZFIC range 0.26-1.01
Resu |ts No. of ZFICs calculated 10 9x synergism — 10x indifference
2 concentration of DAP in combination with AMP inhibiting bacterial growth; b concentration of AMP in combination with DAP inhibiting bacterial growth
Of 140 drug combination tests performed with the 10 SA strains, 125 showed indifferent effects, while a synergistic Referen Ces
effect was observed for 6, 3, 4, and 2 strains with CAZ, CRO, PIP/TBZ and IPM, respectively (Table 2). In 2 SA strains, {1l Sader H S, A A Watters, T. R. Frtsche, and R. N. Jones. 2007. Daptomycin antimicrobial activity against and
DAP shoyved ;ynergism with 3 and 4 am\b\ogics, respectively. DAP combined with FIPITZB, CAZ or CR_O was COI’]C|USIOI’]S enterococe isolated in european medical centers (2005). BMC Infect. Dis. 79(29)1.9 Ve
synergistic against Mu50 (VISA) and DAP combined with PIP/TZB, CAZ, CRO or IPM against G27-4, representing the [2] Rand,K. H., H. Houck. 2004. Daptomycin synergy with rifampicin and ampicillin against vancomycin-resistant enterococci. J. Antimicrob. Chemother. 53:530-532.
widespread EMRSA-15 (spa type t032). Feref A q . . (3 Ry .2, . Herahberger. T Moldouan, an R, G, Grucz. 200.n vt actiiies of daptomycin, vancomycin, inezold.and auinoprisin-daforstn against stptyococe and
The vast majority of drug combination tests performed with the 10 EFS strains revealed indifferent effects. However, " In general, DAP showed indifferent effects against S. aureus and enterococci when combined with ncludin and -resistant strains. Antimicrob. Agents Chemother. 44(4):1062-1066.
DAP plus RIF was synergistic against one strain (Table 3). In contrast, antagonism was noticed for DAP plus GEN Gl entiees, ) o ) ; ) ) {4 Pila, S. K. R. C. Moellering, and G. M. Eliopoulos. 2005, Antimicrobial combinations. In: Lorian V. ed., Antibiotics in laboratory medicine. 5™ edition. By: Lippincott Willams &
against two high-level GEN-resistant strains. This observation, however, is irrelevant in clinical terms as GEN is not ® Against some S. aureus strains, there was a synergistic effect with beta-lactams (CAZ in particular), in Wilkins. Philadelphia, PA, USA.
indicated for the treatment of infections caused by high-level GEN-resistant isolates. agreement with a previous report on the synergy of DAP with PIP/TZB and oxacillin (6). o am manos oo A ot s oy Ta05g00n ™ O agents against : and against
Of the 50 drug combination tests performed with he 10 EFM. 1 showed indifferent effects, while synergy was DAP in combination with RIF or AMP may be useful i the treatment of infections caused by E. faecium. 18 B . 31 .9, 60yt Aoy vl e Bt s i Sishysocs s, A, g et
observed for 7, 6, 3, an strains wi ) : ,an , and for one strain wi . 48(8):2871-2875.
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