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MIC results for daptomycin, vancomycin and linezolid tested against 207 S. aureus strains.

ABSTRACT

. . . - . . _ _ o o _ _ No. of isolates (cumulative %) inhibited at:
Objective: To determine the bactericidal activities of daptomycin (DAP), vancomycin (VAN) Bacterial strains: Bactericidal activity (MBC) was evaluated on 207 S. aureus strains that included -
and linezolid (LZD), and the drug interaction categories for these 3 antimicrobials combined 101 wild-type MRSA (MRSA-WT) strains with a homogenous population of vancomycin MIC Antimicrobial agent <0.12 0.25 0.5 1 2 4 8 >16
V“"’I'tqr?agh .om.er. or teSt_e?]_Vt\)’,'Ih gentamlc:lr; ((’;'_EN) orl\;lllfgmpln (RI(I;) tagalpst g sur Ce)LLSSTt[)aIn’?H results at <2 mg/L. These isolates were collected from more than 50 medical centers worldwide Daptomycin . )

ethoas. Vinimum RILTEOrY CoNCENtrations (MIC) were determined by o in 2003; no more than two strains per medical center were included. Secondly, a hVISA/VISA/VRSA MRSA-WT (101) 2(1.9) 41(42.6) 25 (97.0) 3(100.0) ) ) ) )
microdilution methods. Bactericidal activity (MBC) was evaluated on 207 S. aureus (101 106 isolat tested. The hVISA subset included 64 isolat th " MIC hVISA (64) 0(0.0) 1(1.6) 46(73.4) 17(100.0) - _ - -
wild-type [WT] oxacillin-resistant [MRSA], 64 VAN-heteroresistant [hVISA], 37 VAN-intermediate group ( isolates) was tested. The _ s.u _Se nciude ISolates wi vancomycm _ VISA (37) 0(0.0) 0(0.0) E(1 3.6) 24(78.4) 7(97.3) 1(100.0) . .
[VISA] and 5 VAN-resistant [VRSA]) by plating the entire broth content from the well onto results §2.mg/L bY refere.nce broth microdilution method .’[ha’[.Sh(.)W a subpopulation with VRSA (5) 0(0.0) 0(0.0) 5(100.0) — i i i i
appropriate growth media. Quantitative colony counts were performed and compared to vancomycin and teicoplanin MIC at =8 mg/L when tested with high inoculum (heterogeneous T B
the initial inoculum. Checkerboard synergy tests were performed on 18 S. aureus (15 MRSA) population). This collection has been well characterized by Wootton et al. (2001) and Howe et .

. . L =2 . _ . . . . . . MRSA-WT (101) 0(0.0) 0(0.0) 0(0.0) 6(5.9) 94(99.0) 1(100.0) - -
using broth microdilution trays containing 2 agents in 2-fold dilutions dispensed in a al. (2004). The VISA subset includes 37 isolates with vancomycin MIC results of 4 or 8 mg/L hVISA (64) 0(0.0) 0(0.0) 0(0.0) 37(57.8) 27(100.0) ) i )
checkerboard format. DAP, VAN and LZD were combined with each other and with GEN or and a homogenous population; while the VRSA subset included five strains with vancomycin VISA (37) O(0.0) O(0.0) 0(0:0) 5(78: 2) 8(1 00.6) ) i )
RIF, resulting in 9 combinations. The fractional inhibitory concentration (FIC) was calculated MIC >32 mg/L. Five of the VISA strains, as well as all five VRSA strains were provided by the VRSA (5) 0(0.0) 0(0.0) 0(0.0) 7 0(0.0) 5(100.0) _ _ _
for ea.ch. agept and the summatlon of both FIC§ was used. tc_> classify the combined act!\{lty Network on Antimicrobial Resistance in S. aureus (NARSA: www.narsa.net). | =
of antimicrobials as synergistic (SYN; <0.5), partially synergistic (PSYN; >0.5 and <1), additive Vancomycin
(ADD; 1), indifferent (IND; >1 and <4) and antagonistic (ANT: >4). Checkerboard st f don18 S irains. including 17 , MRSA-WT (101)° NT" NT 9(8.9) 81(89.1) 11(100.0) - - -
Results: DAP was bactericidal against all S. aureus groups while VAN MBC/MIC ratios neckerboard synergy testing was periormed on - aureus strains, including 17 recen hVISA (64) - - - 8(12.5) 56(87.5) - - -
consistent with tolerance were observed at a rate of 14.9; 68.8; and 86.5% for WT-MRSA, clinical isolates and S. aureus ATGC 29213. VISA (37) . - - - . 30(81.1) 7(18.9) -
hVISA and VISA, respectively, and LZD MBC/MIC ratios consistent with tolerance were VRSA (5) - - - - - - - 5(100.0)
observed at a rate of 99.0; 100.0; 94.6 and 100.0% for WT-MRSA, hVISA, VISA and VRSA, Susceptibility testing: MIC values were determined by broth microdilution tests according to a. Clinical MRSA isolates with vancomycin MIC <2 mg/L (homogeneous populations) collected from medical centers worldwide in 2003.
respectively. Checkerboard results showed no ANT or SYN with any of the antimicrobial CLSI M7-A7 methods. Linezolid MIC values were read at the first well that showed a prominent b. The underline indicates the modal value.
combinations evaluated. The majority of strains (77.8%) showed PSYN (50.0%) or ADD reduction in growth. Quality control strains S. aureus ATCC 25923 and E. faecalis ATCC 29212 3' EiI’e ”\‘/’;g?t;féms ith vancomyein MIC. 32 ma/L
(28.8%) interactions when DAP was combined with GEN; while ADD and IND effects were tested concurrently with every set of tests. ' 4 | A=

predominated when DAP was combined with LZD (94.4%), RIF (88.9%) or VAN (72.2%).
All isolates showed IND effect when LZD was combined with GEN. VAN combinations

MATERIALS AND METHODS

When linezolid was combined with the other antimicrobials, the most favorable
interaction was obtained with rifampin (66.7% partial synergy and 27.8% additive).
All isolates showed an indifferent effect when linezolid was combined with gentamicin
(Table 3). O

MBC values were assessed by plating the entire broth content from the MIC well and from
those wells four log, dilutions above the MIC for each organism onto appropriate growth media.
Quantitative colony counts were performed on the initial inoculum. The lowest concentration

CONCLUSIONS

exhibited predominant ADD (16.7-38.9%) or IND interactions (44.4-77.8%).

Table. MBC results for daptomycin, linezolid and vancomycin tested against S. aureus.

No. of isolates (cumulative %) with MBC at: of antimicrobial agent that kills >99.9% of the starting test inoculum was defined as the MBC Daptomyc:ln was hlghly bactericidal agalnst S. aureus
iicrobi int. Tol defined as MBC/MIC >32 or MBC/MIC of 16 and MBC val >16 mg/L. ' ' 1C] VI
Amimoobalaget 012 025 05 1 2 4 8 16 % enpoint. Tolerance was defined as =32 or of 16 an values >16 mg e Vancomycin combinations showed predominantly additive (16.7 — 38.9%) or indifferent strains and its bactericidal activity was not affected by
aptomycin . : B 0/ - M one .
MRSA-WT (101)* 0(0)  29(29) 64(92)  7(99) 1(100) - - - - Synergy or drug interaction tests were performed in 96-well broth microdilution trays containing interactions (44.4 — 77.8%; Table 3). decreased SUSCepthlllty to vancomycin.
hVISA (64) 0(0) 1) 32(52)  30098)  1(100) ) ] ] ) two antimicrobial agents in two-fold dilutions dispensed in a checkerboard format. The fractional
VISA (37) 00)  0(0) 2(5)  23(65) 9(92) 3(100) - - - e | o SRR - - - : . . . . o
VRSA (5) 00) 00  4(80) 1(100) - i : : i inhibitory concentration (FIC) was calculated for each agent and the summation of both FICs Table 2. \[/)e'lité'obr:]t'girr‘] Z;cllslci)rllaetze;i gccordlng to MBC/MIC ratios for daptomycin, e Linezolid showed bacteriostatic activity (elevated MBC)
Linezolid was used to classify the combined activity of antimicrobials as synergistic (SYN; <0.5), partially y ' , .. , 0
MRSA-WT (101)° 00)  0(0) 0(0) 00 00 00 1(1)  0(1) 100(100) synergistic (PSYN; >0.5 and <1), additive (ADD; 1), indifferent (IND; >1 and <4) and antagonistic - - - . agalnst the vast majorlty of S. aureus strains (986 A)),
hVISA (64) 00)  0() 0(0) 00) 00 00 00 00  64(100) . . . e Number of strains with MBG/MIC ratios at: . . e .
VISA (37) 00 0(0) 0(0) 000  26) 05 05 05  35(100 (ANT; >4). The following nine combinations were evaluated: daptomycin and gentamicin; S - mdependent of their Suscept|b|||ty to vancomyecin.
. . L . . . . . . ganism (no. tested) 1 2 4 8 >16 >32
VRSA (5) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 5(100) daptomycin and rifampin; vancomycin and gentamicin; vancomycin and rifampin; linezolid and
Vancomycin® gentamicin; linezolid and rifampin; daptomycin and vancomycin; linezolid and vancomycin; and MRSA-WT (1 0_1) _ _
MRSAWT (101 NTNT o 2@) 3B40) 2862 o) 1489 3068 12(100 daptomycin and linezolid. E_aptOflf_gC'” 800 200 ] 8 - 180 e A worrisome proportion of MRSA-WT (14.9%) and the
64 inezoli - C :
VISA (37) NT  NT 00 00 00 26 1) 0@ 34(100) Vancomycin 40 21 12 13 g° 7 majority of hVISA (68.8%) and VISA (86.5%) strains
5. MEG was not evaluated on VASA strains (fve strains wih vancomyoi MIC 202 morl) 1 eroae S RESULTS hVISA (64) showed vancomycin MBC/MIC ratios consistent with
c. NT, not tested. Dgptomycin 49 15 O O _ O tolerance
Conclusions: DAP was the only agent highly bactericidal against S. aureus strains, e Daptomycin was highly active against MRSA-WT (MIC,, and MIC,, of 0.5 mg/L), \L/:r?czggci/cin 100 2 g g 4-2a 624
independent of their susceptibility to VAN. The combinations of DAP with any other agent hVISA (MIC,,, 0.5 mg/L and MIC,,, 1 mg/L) and VRSA (all MIC values at 0.5 mg/L) _ . _ . o
ngrDe_ntevert?mtagmismeAgAVgg‘,GtEN ihd LZD;V”h_ R'tF genera“y ﬁxft‘r']b'ted abF_’S\tf_N s strains (Table 1). VISA strains showed daptomycin MIC values slightly higher (one V'S‘[\);i?omycin - 0 ) 0 _ ) e The combinations of daptomycin with gentamicin and
interaction; while an interactions predominated among all other combinations. g : : : : : - :
P ° log, dilution) compared to other groups. Linezolid 0 2 0 0 - 35 linezolid with rifampin generally exhibited a partial synergy
INTRODUCTION Paptomycin showed patent bactericidal activity against MRSA-WT (MBC, and vEEmE 2 1 0 2 S0 2 or additive interaction by the checkerboard methods;
e Daptomycin showed potent bactericidal activity agains - 5 an VRSA (5) T oy : : :
MBGC,, of 0.5 mg/L), hVISA (MBC,,, 0.5 mg/L and MBC,,, 1 mg/L) and VRSA (MBC,, Daptomycin 4 1 0 0 i 0 while indifferent and ac_idltl_Ve interactions predominated
Infectionsdcauzeld by mhethicilliln (oxacillin)—redsistan]’cc Staphy/oct,;oclc;/s aureus c(il\ﬂ\RiA) Straini :re and MBC,, of 1 mg/L) strains; while VISA strains showed daptomycin MBC values Linezolid 0 0 0 0 - 5 among all other combinations evaluated.
associated with longer hospital stays, more days of antimicrobial therapy and higher costs than : : a. Isolates with MBC/MIC ratios >16 and MBC values >16 mg/L, the CLSI resistant breakpoint for vancomycin
infections caused by methicillin-susceptible S. aureus (MSSA) strains. Vancomycin remains the slightly higher (MBCs, 1 mg/L and MBCq,, 2 mg/L). [CLSI, 2007].
standard for treating most MRSA infections; however, concerns over increases in the rates of b. MBC was not performed on the five VRSA strains. e None of the combinations evaluated demonstrated

heteroresistance and tolerance to this agent, combined with its safety and clinical shortcomings
have motivated the development of newer agents.

Daptomycin is a novel lipopeptide antimicrobial agent which was approved by the United States
Food and Drug Administration (US-FDA) and by the European Medicines Agency (EMEA) for

e The vast majority of strains tested (98.6%) showed linezolid MBC/MIC values
>32, which is consistent with the agent’s bacteriostatic action (Table 2).

e \ancomycin MBC values were relatively high for all groups. Only 62.4% of MRSA-

Table 3. Summary of checkerboard synergy results by interaction category when

testing 18 S. aureus strains.”

antagonism.

the treatment of complicated skin and skin structure infections (cSSSI). More recently, daptomycin WT and 11.9% of hVISA strains showed vancomycin MBC values <2 mg/L, which No. of strains (%) SELECTED REFERENCES
was approved for the treatment of S. aureus bacteremia and right-sided infectious endocarditis. is the revised vancomycin susceptible breakpoint established by the CLSI. i ' inat ' it i '
PP J y P P Y Antimicrobial combinations  Synergy Partial synergy Additive Indifferent Antagonism 1. Clinical and Laboratory Standards Institute. (2007). M100-S17, Performance standards for dilution antimicrobial
. . . . . L . i . Daptomycin x gentamicin 0 (0.0) 9 (50.0) 5((27.8) 4(22.2) 0 (0.0) susceptibility testing. 17th informational supplement. Wayne, PA: CLSI.
The activity of daptomlycm hag also beeEn investigated in Cgmblnatlﬁn V\ch Othsr ant|rdn|0r0b|a| e All daptomycin MBC results were at the MIC or only two-fold higher than the MIC Daptomycin x linezolid 0 (0.0) 1 (5.6) 5(27.8) 12 (66.7) 0 (0.0) 2. Howe RA, Monk A, Wootton M, Walsh TR, Enright MC (2004). Vancomycin susceptibility within methicillin-resistant
agents, most commonly tested against Enterococcus spp. Synergy has been observed against i . : . . . ' ' ' ' ' Staphylococcus aureus lineages. Emerg Infect Dis 10; 855-857.
vancomycin-resistant enterococcal isolates treated with daptomycin plus rifampin. Furthermore, (eX_Cept one MRSA-WT strain with a MBC/MIC of 4) I_:urthermore’ the MBC/MI.C Baptomyc!n X rifampin _ 8 (88) é (;;;) g Egg) ::g (ggg) 8 (88) 3. Moody J, Knapp C (2004). Tests to assess bactericidal activity. Clinical Microbiology Procedures Handbook.
against Enterococcus faecalis and E. faecium isolates, as well as daptomycin plus gentamicin (Table 2). Linezolid x gentamicin 0 (0.0) 0 (0.0) 0(0.00 18(100.0)0 0(0.0) ' H_OS_ \S;Vaéhin gt)c.)n u[s)(_:g? 'Aé'My P?ZSSS:%_?V;;J 1a (1%53 31'2?2%'_%' fnical ICrobiciogy Froceauires Fandbook. 1senberg
against an ampicillin-resistant E. faecium isolate. Most importantly, antagonism between Linezolid x ritampin 0(0.0) 12 (66.7) 5(27.8) 1(5.6) 0(0.0) 5. Network on Antimicrobial Resistance in S. aureus (2006). (NARSA). www.narsa.net.
daptomycin and other antimicrobial agents has not been reported. e A clear majority of strains (77.8%) showed partial synergy (50.0%) or additive (27.8%) Linezolid X vancomycin 0 (0.0) 1(5.6) 3(16.7) 14 (77.8) 0 (0.0) 6. Se'lderdHlsi'FritSChthF;’ Jonelf RN (*[20?'6). Da:cp:cscz‘myl::i? bactericidal activit}[/ and co;rﬁlztion beth?en disk ?‘anr?ro;[h
interactions when daptomycin was combined with gentamicin; while additive and Vancomycin x gentamicin - 0(0.0) 3{16.7) (BB:I) R B)(4a.c) 0(0.0) vancomycin, Antimiorob Agents Chemother 50- 23802336, o SIeEERERI
The objective of this study was to determine the bactericidal activities of daptomycin, vancomycin ptomy 9 ! Vancomycin X rifampin 0 (0.0) 2 (11.1) 4(22.2) 12 (66.7) 0 (0.0) vancomycin, Antimicron £Agents LASMOINEroL. 29512330 . | |
: : : . . . . : indifferent effects predominated when daptomycin was combined with linezolid 7. Wootton M, Howe RA, Hillman R, Walsh TR, Bennett PM, MacGowan AP (2001). A modified population analysis
and linezolid, and the drug interaction categories for these three antimicrobials when combinea . . . a. Fifteen strains were MRSA and three were MSSA, including the S. aureus ATCC 29213 control strain. profile (PAP) method to detect hetero-resistance to vancomycin in Staphylococcus aureus in a UK hospital. J
with each other or tested with gentamicin or rifampin against S. aureus strains. (94.4%), rifampin (88.9%) or vancomycin (72.2%; seeTable 3). Antimicrob Chemother 47: 399-403.
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