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was used to detect strains having hetero-resistance to vancomycin (hVISA), and the criteria used to characterize : : Fiqure 1 Scatteraram comoaring daptomvein broth microdilution MIC and disk diffusion results
A B S T R AC T hVISA was as follow: MIC values > 8 pg/ml for both vancomycin and teicoplanin after 48 hours of incubation at Table 1. MBC results for daptomycin and vancomycin. 'gu ' J baring daptomy ' C O N C L U S I O N S
37°C (Wootton et al., 2001). No. of isolates (cumulative %) with MBC at:
Background: Daptomycin (DAP), a cyclic lipopeptide with broad spectrum and potent antimicrobial activity Antimicrobial ¢ <010 0.05 0.5 ] > 4 3 16 16 MRSA-WT and hVISA/VISA _ _ o _ _ _
against Gram-positive pathogens including oxacillin-resistant (R) S. aureus (MRSA), has disk diffusion (DD) Minimal Bactericidal Activity: MBC values were assessed for daptomycin and vancomycin by plating_ all (0.1 ml) DZ;E‘S;CE bl = - g Ej;%mycm Broth vs. Disk ® Daptomycm was hlghly bactericidal agalnst S. aureus strains and its
testing guidelines that have been recently challenged. We characterized the MRSA strains most likely to be the broth from the MIC well and from the log. dilutions above the MIC for each organism onto appropriate growth MRSA-WT (105°  0(0.0)  30(28.6) 67(63.8)  7(99.1)  1(100.0) - - - - y=22.3 - 0.1 bactericidal activity was not affected by decreased susceptibility to
problematic. media. Quantitative colony counts were performed on the starting inoculum at the time the MIC test was initiated. hVISA (88) 0(0.0) 2(2.3) 35(40.9) 49(97.7)  2(100.0) _ _ 4- : r=0.07 _ o
Methods: A total of 210 S. aureus strains, including 105 well-characterized strains with decreased S to VAN The lowest concentration of antimicrobial agent that killed = 99.9% of the starting inoculum was defined as the VISA (17) 0(0.0) 00.00  2(11.8)  4(35.3)  8(82.4)  3(100.0) - - - = vancomycin. In contrast, the majority of hVISA (69.3%) and all VISA
(88 hVISA and 17 VISA) and 105 MRSA-WT with VAN MIC <2 pg/ml (isolated in 2003) were S tested by MBC endpoin.t. Tolerance was defined as a MBC/MIC ratio > 32 or > 16 with an associated MBC at > 16 pg/ml Vancomycin a e e strains showed vancomvcin MBC/MIC ratios consistent with tolerance.
reference CLSI broth microdilution (BMD) and DD methods, as well as by Etest (ET), against DAP and VAN. for vancomycin. MRSA-WT (105) NT” NT 2(1.9) 38(38.1)  23(60.0) 9(258-6) 135(2822-79) 471(23-;) 613;1(1 88-8) s y
The lowest concentration of antimicrobial agent that killed > 99.9% of the initial inoculum was defined as the {‘/\I/S'ipa(gf) m m 828-8; ggg-g; 90(2036?) 50((0969;) 0((0 b)) 0((0 b)) 1721 00'0; = s e
MBC endpoint. Time kill-curves were performed in selected strains to confirm MBC results. Time Kill Curve: Bac.tericidal qctivities of daptom.ycin and vancomycin were evaluated by time Kill curve experiments ' ' ' ' ' ' ' % e A S”gh ttren d towar dS high dap tomycin M| C resul ts was observe d
Results: All MRSA-WT and hVISA strains were inhibited by <1 pg/ml of DAP, while the VISA strains showed on 15 selected strains and six c.ont.rols according to Moo.dy & Knapp [2004] and the NCCL_S docgments M21 - a. Clinical MRSA isolates with vancomycin MIC < 2 ug/ml (homogeneous populations) collected from medical centers worldwide %, I 16 44 35 12 2 | |
slightly higher DAP MIC values (range, 0.5 — 4 pg/ml). All DAP MBC results were at the MIC or two-fold greater. A and M26-A. The selected strains included MRSA-WT with high vancomycin MBC/MIC ratios while the controls in 2003. 15 among the hVISA/VISA strains, mainly among the VISA subset.
In contrast, 17.1% of MRSA-WT, 69.3% of hVISA and all VISA strains showed a VAN MBC/MIC at > 16. The included MRSA-WT straing Wi'Fh vangqmygin MBC/MI.C _ratios of 1 and.ATCC §trains. Bactericidal activity was b. NT, not tested. § | 138 17 3 2 1
correlation coefficient (r) between BMD and DD was low for DAP (0.07) and VAN (0.11); poor tests. Eight defined as > 3 Iogm reduction in the initial inoculum W|th.|n 24 hours of incubation. | |
(3.8%) strains, all in the hVISA/VISA group, were non-S to DAP by BMD but S by DD. Against VAN, 7 (3.3%) A. Vancomycm was tested at 2X, 4X, and 8X MIC with colony counts performeq at To, T4, Ts, T2s, and Tas. <=12 - 1 1 e The disk diffusion method generally failed to detect strains with elevated
strains were non-S by BMD but S by DD. ET showed a Sllght tendenCy towards lower DAP MIC but hlgher Six strains had the experiments repeated at 2X, 4X, 8X, 16X and 32X MIC with CO|Ony counts at Ty, T4, Table 2. Distribution of isolates according to MBC/MIC ratio for daptomycin and Vancomycin_ . .
VAN MIC, with very major and major error rates of 1.0 and 1.0% for DAP, and 1.9 and 1.0% for VAN, respectively. T, and Te. | — MIC values for vancomycin (> 8 pg/ml) or daptomycin (> 2 pg/ml).
All discrepant results were among the hVISA/VISA isolates. B. Daptomycin was tested at 2X, 4X and 8X MIC with colony counts at To, T4, Te, and Tza. No. of isolates (%) Daptomycin Disk Zone Diameter (mm)
Conclusions: DAP was highly bactericidal against S. aureus strains and its bactericidal activity, in contrast , , _ _ _
to VAN, was not affected by reduced susceptibility to VAN. DD generally failed to detect strains categorized RESULTS Daptomycin Vanco:ycm < e Flevated vancomycin MBC/MIC ratio could not be attributed to the
- ' i ' ti MRSA-WT hVISA VISA MRSA-WT hVISA VISA : : :
af:[ non—tS(;co DAP or VAN by BMD (hVISA/VISA), and re-assessment of breakpoints should be immediately MBC/l\;”C ratio 81(;37 oo 69(7834% 00 e oo T1tin 508 presence of subpopulatlons with elevated vancomycin MIC (hV|SA)
atiempted. 17 S0 A2 A/ I il Figure 2. Scattergram comparing vancomycin broth microdilution MIC and disk diffusion results. . : : :
e The scattergram showing the results of the correlation between broth microdilution MIC and disk 2 24(22.9%)  19(21.6%)  5(29.4%) 19(18.1%)  5(5.7%) i and may represent a characteristic present in a high proportion of
diffusion results for daptomycin is shown in Figure 1. Eight strains would be considered non-susceptible 4 - - - 12(11.4%) 4(4.5%) - wild-tvoe MRSA strains
INTRODUCTION to daptomycin by the broth microdilution method and were susceptible by disk diffusion according 8 - - - 14(13-32@ 7(8-0‘%(»)) . \'\/"aiigm";’;:rgoflx'vs:/g’l'f:\ yP
to the current CLSI [2005] susceptible breakpoint (< 1 pg/ml and > 16 mm). All eight strains were =11C - - - 18(17.1%)  61(69.3%)  17(100.0%) =210
" TaY y=11.09 - 0.07x - . -
Daptomycin is a cyclic lipopeptide which has been recently approved by the United States Food and Drug among the hVISA/VISA group. The correlation coetficient () was only 0.07. 16 e e Kill curve studies demonstrated that vancomycin has Oﬂly a modest
Administration (US-FDA) for the treatment of complicated skin and skin structure intections and has been evaluated - - - TR - TR Table 3. Kill curve results for vancomycin and daptomycin tested against oxacillin-resistant S. aureus and slow Kkilling activity against MRSA strains.
for the treatment of several other infections, including bacterial endocarditis. Daptomycin monotherapy was * The scattergrams shqwmg the resullts Qf the Corre!atlon betwee-n t.)r(-)t.h m'CrOd'IL.Jt'On and disk diffusion Straine J RS J € . 9 yeg
shown to be superior to vancomycin monotherapy in the treatment of experimental endocarditis due to methicillin results for vancomycin are shown in Figure 2. All isolates had inhibition zone diameters > 16 mm and ' S
. . . . . . . T . . . . . . . O . . . . . . .
(oxaC|I!|n)—reS|stant Staphylocqccus aureus (MBSA), as d_etermlned by a statistically significant decrease in the were COnSIdered. SU§9§ptlble aCC(?rdlng to the. current CLSI [2005] susceptible breakpoint for vancomycin Reduction in logr GFU/MI at T(h):* J o R Dap tomycm showed rapi d and 00 tent bactericidal activi ty agains ;
bacterial concentration of aortic valve vegetations after five days of therapy. (> 15 mm). The inhibition zone diameter varied from 16 to 19 mm among the seven VISA strains with colate At robial agent . o e 18 Activity” category - _ . | |
broth microdilution MIC of 8 ug/ml. The correlation coefficient (r) was also very low (0.11). o0n y .g iy > - - Sta 0 MRSA strains when evaluated by time kill curve experlments. Increased
" " i i " " " " I ancomycin . . . . atic g 9 3320 10 . . . ] o
Daptomyc!n has_a unique mechanlsm of action with no cross resistance to glygopeptlde (teicoplanin apd | | | Daptomycin pr 5 1c 5 1c “ Cidal : vancomycin MBC/MIC ratio did not affect daptomycm bactericidal
vancomycin) resistant strains. Daptomycin acts on the cytoplasmic membrane in the presence of physiological * The Etest showed a slight tendency towards lower daptomycin MIC results when compared to the 13851A . 0.7 1 1 59 43 Static® S o e
levels of palcmm |ons.. Its in vitro susceptibility testing requires appropriate supplementation of calcium to the broth microdilution method (data not shown). The rates of major and very major error for the Etest Daptomycin 1e 61° 5 1° ) e g act|V|ty.
test media (50 pg/ml in broth). method was 1.9% when testing hVISA/VISA against daptomycin. No error was detected when testing 16546A Vancomyein 0.3 0.8 2.6 3.6 Static' e L
. . - . o . MRSA-WT strains. Daptomycin 3.5 4.8 5.7° - Cidal® <"
In a previous study, we evaluated the bactericidal activities of daptomycin and vancomycin against vancomycin- 14389 . 0.1 0.4 17 30 Static
intermediate (VISA) and hetero-VISA S. aureus strains as compared to a methicillin- (oxacillin-) resistant S. aureus , _ , _ , , Daptomycin 5 7 4.4 5 6° 5 6° Cidal \
(MRSA) collection of wild type (WT) strains. In the present study, we evaluated the correlation between the * All selected WI-MRSA strains showed an increase in the vancomycin and telcop.lanln MIC results A Vancomycin G . Y o Static® 18 22 SELECTED REFERENCES
susceptibility results generated by broth microdilution, disk diffusion and Etest for these two antimicrobials. We When. tested bydEJl[:)eS;[NWIth high mIO((:ZU(I)Lé)T) In BIHI agar (d?ta not Sho‘_’l/jn)- gOhV\V/ngrz ?qur?é%% éz\ ﬂll/ellC Daptomycin 4.0 6.0° 6.0° 6.0° Cidal Vancomycin Disk Zone Diameter (mm)
also evaluated the presence of a subpopulation with elevated vancomycin MIC values (heteroresistance [hVISA]) Criteria proposed by VWootton et al. , Only one strain was considere \ (Strain : 5308A VeeaeEn 0.8 13 3.0 4.1 Cidal o | L o
and the bactericidal activity of vancomycin and daptomycin by time kill curve experiments on MRSA-WT isolates values > 8 pg/ml for both vancomycin and teicoplanin after 48 hours of incubation). Daptomycin 4. 6.0° 6.0° 3 Cidal Clln!cal aDnd Labora;[\(”);yogatgr;gar\;ﬂvs InStltIL:J),ts.C(ﬁg(IB) Performance standards for antimicrobial susceptibility
with elevated MBC/MIC ratios for vancomycin. 1416A Vancomycin 0.1 0.8 2.8 3.9 Static® : _ — _ _ . . testing. Document - . wayne, FA. :
e Al MRSA-WT and hVISA strains were inhibited by <1 pug/ml of daptomycin. However, a slight skewing Daptomycin 3.4 4.8 5.9° - Cidal Figure 3. Graphlpg shovymg time Kill curve for vancomycin (a) and .daptomycm (b) tested against a | o o | o
MATERIALS AND METHODS toward a higher daptomycin MIC result was noted when the hVISA (MICso, 0.5 pg/ml and MICy, 1 2336A Vancomycin 0.4 0.9 3.2 5.6° giga: methicillin-resistant S. aureus wild-type (MRSA-WT) strain. Clinical an.d Laboratory Staqdards Institute (2006). Methods for dilution gnt/m/crob/al susceptibility tests
ug/ml) and VISA (MICso, 1 pg/ml and MICg, 2 pg/ml) strains were compared to the MRSA-WT group . Saptomyc'_” 3:23 ?'g g': 5_5° C:dZI - for bacteria that grow aerobically. Document M7-A7. Wayne, PA, CLSI (in press).
Oraani loction: A collection of 210 stra ected 1o evaluate the minimal inhibi - (MICso and MICso of 0.5 pg/ml). Among the 17 VISA strains evaluated, seven strains (41.2%) showed Dj;)igﬂ;’g:g 2o e g " Cida gure 2a. | |
I\;clgémsrg CORSC 'IOQ' A O lgcllon 0 ; ,f ralrI:/TBVéa? SCIeCte ocgva ugs te m'g'ir:aar:g tlhle%rgr;?;c(i:c?:lar:txﬁgen a daptomycin MIC of 2 ug/ml and one (5.9%) strain had a daptomycin MIC of 4 pug/ml. 16160A el 05 17 36 4.0 Cidal | Howe RA, Wootton M, Walsh TR, Bennett PM, MacGowan AP. (2004). Expression and detection of
(MI) and minimal bactericidal concentration (MS() for vancomyain and daptomyein, L Daptomycin 25 2.6 3.8 6.0° Cidal Vancomyein SA-1704 hetero-vancomycin resistance in Staphylococcus aureus. Journal of Antimicrobial Chemotherapy 44:675-
broth microdilution, disk diffusion and Etest results for these two antimicrobials. The collection is composed of _ _ _ _ _ = 0 -
o .0 70 | < ancomycin : : : : atic :
two groups of strains: e 9O3.3% of isolates showed a daptomycin MBC .of <1 pg/ml with thg highest daptomycin MBC result 5642A V. | 0.5 0.7 2.4 3.7 Stat ] . 678
A. hVISA/VISA group: 105 isolates observed at 4 pg/ml (three isolates; Table 1). Eight of 11 daptomycin MBC results of 2 pg/ml and all Daptomycin 2.6 4.0 4.3 - C'déle 8 -~
1. hVISA subset: Includes 88 isolates with vancomycin MIC results < 4 ug/ml by reference broth microdilution three MBC results of 4 pg/ml were observed among the VISA strains. 28R \@ﬁggg;z g'g g'sc g'gc 3_'6 Sct;?;; 7 P D Khosrovaneh A, Riederer K, Saeed S, Tabriz MS, Shah AR, Hanna MM, Sharma M, Johnson LB, Fakih
method that show a subpopulation with a vancomycin MIC result > 4 pg/ml when tested with high — Vancomycin (0. Y 0'3 2'3 a5 Static® £ 2 ™ v m o MG, Khatib R. (2004). Frequency of reduced vancomycin susceptibility and heterogenous subpopulation
inoculum (heterogeneous population). e Only 60.0% of the MRSA-WT isolates showed vancomycin MBC results of <2 pg/ml, the proposed Daptomycin 3.8 6.0° 0 ) Cidal s \\\ o in persistent or recurrent methicillin-resistant Staphylococcus aureus bacteremia. Clinical Infectious
2. VISA subset: Includes 17 isolates with vancomycin MIC results of 4 or 8 ug/ml and a homogenous CLSI (2006) vancomycin-susceptible breakpoint (Table 1). Furthermore, only 13.6% of the hVISA and AeEn Vancomycin o 13 3.6 3.9 Cidal g X Disease 38:1328-1330.
population. Ten strains were characterized by methods described by Wootton et al. [2001] and seven none of the VISA strains showed MBC results at < 2 pg/ml. The number of occurrences (percentage) Daptomycin 4.5 5.6° 5.6° - Cidal 2
strains were pTOVlded by the Network on Antimicrobial Resistance in S. aureus (N'I°~|:\’_SA; V\_’VF\]’W-”arsa-”e’F)- of isolates with vancomycin MBC result at > 16 ug/ml (proposed CLSI resistant breakpoint [CLSI, 424/ Vancomycin 0.4 1.0 3.5 3.5 Cidal ; Moody J, Knapp C. (2004). Time-kill assay for determining synergy. In Clinical Microbiology Procedures
B. MRSA-WT group: 105 ox.aC|II|n-reS|stant S aureus strains with a homogenous p_opu ation wit vanc_omycm 2006]) were 18 (17.1%), 68 (77.3%), and 17 (100.0%) among the MRSA-WT, hVISA, and VISA groups, Daptomycin 3.1 5.7 4.8 - Cidal | x Handbook, (Isenberg, H.D., Eds).. pp. 5.10.31-6. ASM Press, Washington, DC
MIC results <2 pg/ml (wild type). These isolates were collected from >50 medical centers worldwide in respectively (Table 1) 170A Vancomycin 0.9 17 50 58 Static 0 24 28 ; , .U, - PP. 9. 1U. : : : :
2003. No more than two strains per medical center were included, one collected in January and the other ' Daptomycin 4.8 5.6 6.3° - Cidal fime (hre) _ G _ tor Glinical Lab Standards. (1999) Methodo! o th bactericidal
collected in December. . . 3811A Vancomycin 1.0 1.6 2.8 3.9 Static® National Committee for Clinical Laboratory Standards. ethodology for the serum bactericiaa
1. Fifteen of these strains were selected for the kill curve experiments because they demonstrated high * Al .daptomycm I\{IB(.).resuIts were at the MIC or tWO.'f(?I.d higher than th.e MIC, and the MBC/MIC Daptomycin 2.8 3.7 4.9 - Cidal Eicure 3b test; Approved guideline M21-A. Wayne, PA: NCCLS.
MBC/MIC ratios for vancomycin. These strains were also evaluated by Etest against vancomycin and ratios were not significantly affected by the susceptibility to vancomycin (Table 2). All three groups 14854A Vancomycin 0.8 1.2 3.0 4.2 Cidal J '
daptomycin using high (2 McFarland) inoculums in order to detect subpopulations with high MIC values gll\gF‘:%/A_v;/-l{/,l FQ\S/ECV e'll'ndtVI'S':\) Zgog’\é/ed ﬁ}r\}//I g;\ng?\:jI\g:lac\il/g/lﬁl\itrg[ilr?srzizl\t\?efgrad\?apr;[(c:)(r)nrrzfllcr;;1?\;)Ig\ée/ﬁfg, N SaptomyCI_n ;1-;1 ?j 625-2 4—6 S?(:'ale Dantormyein SA 1708 National Committee for Clinical Laboratory Standards. (1999). Methods for determining bactericidal
for vancomycin (hVISA). 170 0 -VV I Strains, 69.57 O ancomycin - 2 0 8 atic iy - : _ s i _
ratio of > 16, e.g. tolerance. Daptomycin 3.2 5.9 5.9 5.9 C'd_a'f 9.0 - activity of antimicrobial agents; Approved guideline M26-A. Wayne, PA:NCCLS.
Susceptibility testing: MIC values were determined by broth microdilution methods for daptomycin, vancomycin ATCC 43300 Vancomycin 0.7 1.0 2.8 8.7 Sl 50 . | | o o o .
and oxacillin according to CLSI/NCCLS procedures. Appropriate medium variations (50 mg/L of calcium) were e \ancomycin exhibited only modest and slow killing (Table 3 and Figure 3a). Reduction of CFU/mI| was G B ijizrr:yz:z 32 fg g'g 4_ = Cg;jl ;Z — Natlonillbﬁim;nlt:e? fotr)CI;nlc?alﬁl;a? oratory Stghde;lrdj (2(r)03).detggdfdf;\);g ﬁlélovlz/: nrl;:w;;?ﬁgICLS
used for testing daptomycin. generally around one logio after 8 hours of incubation and around three log., after 24 hours of Daptom;'dn 40 48 5 7° ) Cidal E L, :Zﬁ” susceplibllity tests 1or bacteria that grow aerooically. Approved stanaa . Wayne, PA: :
o | | o | | incubation. Among the 15 MRSA-WT strains that showed vancomycin tolerance in the previous study, R Cax | - | o |
Disk diffusion tests with 30-pg daptomycin and vancomycin disks were performed on all 210 isolates according vancomycin showed only bacteriostatic effect at all three concentrations (2X, 4X, and 8X MIC) in a. Compared to the initial inoculum. Values indicate average of 2X, 4X and 8X reduction in logio CFU/m. g .. 8x Sakouloas G, Eliopoulos GM, Alder J, Thauvin-Eliopoulos C. (2003). Efficacy of daptomycin in experimental
to the methods recommended by the CLSI/NCCLS with 150-mm Mueller-Hinton agar plates. seven of them (47%) b. Bactericidal (cidal) activity was defined as > 3 logio reduction in the initial inoculum within 24 hours of incubation. = endocarditis due to methicillin-resistant Staphylococcus aureus. Antimicrobial Agents and Chemotherapy
' c. No bacterial growth was detected. 20 ’\- 47-1714-1718.
MICs for vancomycin and daptomycin were also evaluated by Etest methodology on all 210 isolates according + Daptomycin generally showed potent and rapid bactericidal activity (Table 3 and Figure 3b). At 4X d. -=inoubatedfora4hoursonly. e —
to the manufacturer’s instructions. In addition, MICs for vancomycin, teicoplanin and daptomycin were evaluated ' €. bactericidal activity was achieved a ours orincubation. ' | | | | e . , ,
by Etest methodology using standard (NCCLS, 2003) and high 3(/2 MCFarIapnd) inocumz on ¥5 selected strains MIC and 8X MIC, bactericidal activity was achieved after 4 hours of incubation for 15 (71%) and 19 f.  Bactericidal activity was achieved at 24 hours when tested at 4X and/or 8X MIC. 0 _ 12h 16 qutton M, Howe RA, Walsh TR, Bennet’F PM, MacGowan AB (2001). A modified populatlc?n analysis
and two controls. Mueller-Hinton agar was used for the standard inoculum, while brain-heart infusion (BHI) agar (90%) strains, respectively. After 8 hours of incubation, > 3 log+, reduction in the initial inoculum was ﬁ- \'?;zt::ﬁf;a;‘; ;‘;}té‘;'gr‘g’gfensﬁti‘i f;azsé i'\r’]”tf]'e o R me (trs) profll_e (PAP) method to .de.tect hetero—re&stance to vancomycin in Staphylococcus aureus in a UK
was used for the 2 McFarland inoculum according to procedures reported by Wooton et al. (2001). This technique observed on 20 strains (95%) at 8X MIC, 19 strains at 4X MIC (90%), and 17 strains (81%) at 2X MIC. ' ' hospital. Journal of Antimicrobial Chemotherapy 47:399-403.




