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AMENDED ABSTRACT

Objectives: To study glycopeptides and lipopeptides in
combination with potent antistaphylococcal beta-lactams
against community-acquired MRSA (CA-MRSA). CA-MRSA has
emerged as a serious clinical therapeutic problem because of
limited orally administered treatment options, recognized
virulence (Panton-Valentine leukocidin) and ubiquitous
presentations in outpatient practice in the USA and worldwide.
Serious invasive cases needing hospitalization require prompt
selection of bactericidal, parenteral agents. We report drug
combinations with enhanced killing activity.

Methods: Following CLSI susceptibility (S) test screening of
>100 CA-MRSA, vancomycin (MICs,, 1 mg/L), daptomycin
(MICso, 1 mg/L: CA-MHB) and imipenem (IPM; MICs,, 0.5 mg/L)
each had potential treatment utility as well as oxacillin (OXA;
MICs,, 16 mg/L) in combination. Ten strains with USA300 PFGE
patterns (three USA300-0114) or variations were selected for
checkerboard synergy/interaction tests. Interpretations used
FICA calculations. The control beta-lactam was OXA and internal
organism control was S. aureus ATCC 29213 (MSSA).

Results: All drugs tested alone were consistent with expected
results for a MRSA except IPM where contemporary USA300
CA-MRSA MIC values ranged from only 0.03 to 1 mg/L (S levels
by CLSI and US-FDA breakpoints). Combinations of IPM with
daptomycin and vancomycin clearly indicated enhanced
inhibition (and killing; data not shown) for 9 of 10 strains (synergy
[SYN] or partial SYN [PSYN]). Similarly, OXA with daptomycin
or vancomycin demonstrated SYN or PSYN at concentrations
easily achievable in vivo. The control MSSA strain interaction
results varied from indifference (daptomycin or vancomycin) to
PSYN (daptomycin/OXA).

See Table 2.

Conclusions: Carbapenem (IPM) MIC results for CA-MRSA
strains endemic in USA remain low (0.03-1 mg/L; MICs,, 0.5
mg/L) and combinations with either daptomycin or vancomycin
demonstrate enhanced inhibition (SYN or PSYN) and
bactericidal activity. No antagonism was observed and these
combinations should be considered for severe cases of CA-
MRSA infections and studies should be expanded to endemic
hospital-acquired MRSA.
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INTRODUCTION

Community-acquired or -associated methicillin-resistant
Staphylococcus aureus (CA-MRSA) has emerged as a serious
clinical therapeutic problem because of limited orally administered
treatment options, recognized virulence (Panton-Valentine
leukocidin[PVL]) and ubiquitous presentations in outpatient
practice, especially in the United States (USA). Severe invasive
cases needing hospitalization require prompt selection of
bactericidal parenteral agents. We report drug combinations with
enhanced bactericidal activity against this pathogen. In this study,
a glycopeptide and a lipopeptide were examined in combination

with potent anti-staphylococcal beta-lactams tested against CA-

MRSA by the broth microdilution checkerboard technique.

MATERIALS AND METHODS

Following Clinical and Laboratory Standards Institute (CLSI;
formerly the NCCLS) susceptibility test screening of more than
100 CA-MRSA, vancomycin (MICsy, 1 mg/L), daptomycin (MICsy,
0.25 mg/L; in MHB at 50 mg/L calcium) and imipenem (MICs,, 0.5
mg/L) had potential treatment utility as well as oxacillin (MICs,, 16
mg/L) in combination. Ten strains with USA300 PFGE patterns
(three USA300-0114) or variations (seven strains) were selected

for checkerboard synergy/interaction tests. These strains also had
PVL (+) and SCCmeclV (+) results. Interpretations of synergy test
results used standard FICA calculations. The control beta-lactam
for interaction categorization was oxacillin and internal organism

control was S. aureus ATCC 29213 (methicillin-susceptible).

The strains selected had daptomycin MIC results at the upper-end
of the normal MIC population distribution, one isolate with a non-
susceptible result (MIC, 2 mg/L).

RESULTS

All drugs tested alone produced in vitro results o
consistent with expected patterns for MRSA
except imipenem where contemporary USA300
CA-MRSA strain imipenem MIC values that
ranged from only 0.03 to 1 mg/L (susceptible
levels by CLSI and USA-FDA breakpoints); see
Table 1.

e (Combinations of imipenem with daptomycin and
vancomycin clearly indicated enhanced inhibition
(and killing, data not shown) for 9 of 10 CA-
MRSA strains (synergy or partial synergy). This
included a significant reduction of the daptomycin
MIC values.

CONCLUSIONS

Carbapenem (imipenem) MIC results for CA-
MRSA strains endemic in USA remain low (0.03-
1 mg/L; MIC,,, 0.5 mg/L) and combinations with
either daptomycin or vancomycin demonstrated
significantly enhanced inhibition (complete or
partial synergy) and bactericidal activity.

e No antagonism was observed and these
parenteral combinations should be considered
for severe cases of CA-MRSA infections and
studies should be expanded to endemic
hospital-acquired methicillin-resistant S. aureus
disease, also potentially having modestly
elevated lipopeptides MICs (=1 mg/L).

e (Oxacillin with daptomycin or vancomycin
demonstrated partial or complete synergy at
concentrations achieved in vivo.

SELECTED REFERENCES

¢ The Contr0| methICI | | I n-SUSCeptI ble S' aureus 1. Chandrasekar PH, Levine DP, Price S, Rybak MJ (1988). Comparative efficacies of imipenem-cilastatin
St I’al N had InteraCtIOn resy ItS .tha.t Val’led frOm :Dﬁjex:nic/;é\rm/;iq?cirr;gxgs;ir;nsg;[ girtil%;/i\geg.endocarditis due to methicillin resistant Staphylococcus
|nd |ffe rences (dapto myC| N Or 2. Cilli F, Aydemir S, Tunger A (2006). In vitro activity of daptomycin alone and in combination with various
antimicrobials against Gram-positive cocci. J Chemother 18: 27-32.
vanco myCI n/ I m I penem) to partlal Synergy 3. Clinical and Laboratory Standards Institute. (2006). M7-A7, Methods for dilution antimicrobial susceptibility

tests for bacteria that grow aerobically; approved standard - seventh edition. Wayne, PA: CLSI.

(daptomycin/oxacillin; data not shown), a pattern
consistently observed before.

4. Clinical and Laboratory Standards Institute. (2008). M7100-S18, Performance standards for antimicrobial
susceptibility testing, 18th informational supplement. Wayne, PA: CLSI.

5. Fan W, del Busto R, Love M, Markowitz N, Cendrowski C, Cardenas J, Quinn E, Saravolatz L (1986).
Imipenem-cilastatin in the treatment of methicillin-sensitive and methicillin-resistant Staphylococcus aureus
infections. Antimicrob Agents Chemother 29: 26-29.

6. Fukuoka T, Domon H, Kakuta M, Ishii C, Hirasawa A, Utsui Y, Ohya S, Yasuda H (1997). Combination effect
between panipenem and vancomycin on highly methicillin-resistant Staphylococcus aureus. Jpn J Antibiot
50: 411-4109.

Jacqueline C, Navas D, Batard E, Miegeville AF, Le Mabecque V, Kergueris MF, Bugnon D, Potel G, Caillon
J (2005). In vitro and in vivo synergistic activities of linezolid combined with subinhibitory concentrations

Table 1. MIC results for the 10 USA300 CA-MRSA strains

used Iin the synergy tests.
MIC (mg/L): -

Antimicrobial agent 50% 90% Range % Susceptible of imipenem against methicillin-resistant Staphylococcus aureus. Antimicrob Agents Chemother 49: 45-
51.
Daptomycm 1 1-2 90.0 8. Kobayashi Y (2005). Study of the synergism between carbapenems and vancomycin or teicoplanin against
Vancomycin 1 i 1 100.0 MRSA, focusing on S-4661, a carbapenem newly developed in Japan. J Infect Chemother 11: 259-261.
Imipenem 0.5 0.03-1 100.02 9. Matsuda K, Nakamura K, Adachi Y, Inoue M, Kawakami M (1995). Autolysis of methicillin-resistant
' ' ' Staphylococcus aureus is involved in synergism between imipenem and cefotiam. Antimicrob Agents
Oxacillin 16 32 8-32 0.0 Chemother 39: 2631-2634.

10. Otsuka Y, Yoshibe T, Namioka M, Ezaki T (2000). Combination effect of teicoplanin and B-lactams on MRSA.
Jon J Antibiot 53: 643-651.

11. Palmer SM, Rybak MJ (1997). An evaluation of the bactericidal activity of ampicillin/sulbactam,

a. Note all USAB00 strains are imipenem-susceptible; daptomycin tested at 25 mg/L calcium.

iImipenem or oxacillin.

Table 2. Drug interaction or synergy categories for testing of 10 USA300 CA-MRSA with daptomycin or vancomycin combined with

piperacillin/tazobactam, imipenem or nafcillin alone and in combination with vancomycin against methicillin-
resistant Staphylococcus aureus (MRSA) in time-kill curves with infected fibrin clots. J Antimicrob Chemother
39: 515-518.

12. Rand KH, Houck HJ (2004). Synergy of daptomycin with oxacillin and other B-lactams against methicillin-

Interaction cate gory (O ccurrenc es) : resistant Staphylococcus aureus. Antimicrob Agents Chemother 48: 2871-2875.

13. Sato S, Miura T, Kudo E, Kudo Y, Saitoh Y, Kimpara I, Tsujino M, Kudo H (1997). [In vitro combination effect

Combination Synergy Partial Synergy Additive Indifferent Antagonism of vancomycin and carbapenems against carbapenem-resistant MRSA]. Jon J Antibiot 50: 711-716.
_ o 14. Scheetz M, Reddy P, Postelnick M, Flaherty J (2005). In vivo synergy of daptomycin plus a penicillin agent
Daptomycin/oxacillin 14 & 0 0 0 for MRSA? J Antimicrob Chemother 55: 398-399.
Daptomycin/imipenem 4 5 0 1 0 15. Totsuka K, Shiseki M, Kikuchi K, Matsui Y (1999). Combined effects of vancomycin and imipenem against
: - methicillin-resistant Staphylococcus aureus (MRSA) in vitro and in vivo. J Antimicrob Chemother 44: 455-
Vancomycin/oxacillin 1 9 0 0 0 460.
Vancomycin/imipenem 9 0 0 1 0 16. Utsui Y, Ishii C, Abe T, Kakuta M, Ohya S (1999). Combination effect of teicoplanin and panipenem on

highly resistant strains of MRSA. Jpn J Antibiot 52: 268-277.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


