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The MICs of LBM415, a new peptide diformylase inhibitor, were =0.06 to 4.0 pg/ml for 258 isolates of
Staphylococcus aureus and coagulase-negative staphylococci. LBM415 MICs were similar irrespective of
whether the strains were methicillin susceptible or resistant. All strains were also susceptible to vancomycin,
linezolid, ranbezolid, daptomycin, oritavancin, and quinupristin-dalfopristin. LBM415 at the MIC was bac-

teriostatic after 24 h.

The emergence of staphylococci intermediate and resistant
to methicillin, quinolones, and, recently, glycopeptides, as well
as the propensity of these organisms to spread nosocomially
and in the community and to cause serious systemic infections
in immunocompromised hosts, necessitates other therapeutic
modalities (5, 11, 18, 23, 24).

LBM415 (previously known as NVP-PDF713) is a new pep-
tide deformylase inhibitor with excellent activities against
gram-positive organisms (1, 2, 9, 13, 14). The present study
examined (i) the activity of LBM415 compared with those of
four fluoroquinolones (ciprofloxacin, levofloxacin, gatifloxacin,
and moxifloxacin), three glycopeptides (vancomycin, teicopla-
nin, and oritavancin), two oxazolidinones (linezolid and ranb-
ezolid), a lipopeptide (daptomycin), and a combination of two
streptogramins (quinupristin and dalfopristin) against 258
staphylococci by MIC testing and (ii) the activities of the com-
pounds listed above against 12 staphylococci by time-kill assay.
Because of problems with the preparation of frozen microdi-
lution trays with tigecycline, a broad-spectrum tetracycline
(G. A. Pankuch, personal communication), experienced in the
past, this compound was tested only by the time-kill method.

For microdilution MIC determinations, the staphylococci
tested comprised 62 methicillin-resistant Staphylococcus aureus
isolates, 69 methicillin-susceptible S. aureus isolates, 60 methi-
cillin-resistant coagulase-negative staphylococci, and 67 methi-
cillin-susceptible coagulase-negative staphylococci. For the
purposes of the present study, no species identification of the
coagulase-negative staphylococci was attempted. We also in-
cluded a recently recovered vancomycin-resistant S. aureus
(VRSA) isolate (5) in these studies.

LBM415 powder was obtained from Novartis Research Lab-
oratories, Hanover, N.J. Other antimicrobials were obtained
from their respective manufacturers. The standardized mi-
crodilution method was performed (17) with commercially pre-
pared microtiter trays (TREK, Inc., Cleveland, Ohio) contain-
ing cation-adjusted Mueller-Hinton broth, to which calcium
was added for the testing of daptomycin (17). Vancomycin
MICs were read after a full 24 h of incubation (17). A separate

* Corresponding author. Mailing address: Department of Pathology,
Hershey Medical Center, P.O. Box 850, Hershey, PA 17033. Phone:
(717) 531-5113. Fax: (717) 531-7953. E-mail: pappelbaum@psu.edu.

4033

macrodilution MIC methodology (5) was used to test the ac-
tivity of LBM415 against the VRSA strain.

For time-kill studies, tubes containing 5 ml of cation-ad-
justed Mueller-Hinton broth (BBL Microbiology Systems)
with doubling antibiotic concentrations were inoculated with 5
X 10° to 5 X 10° CFU/ml, and the tubes were incubated at
35°C in a shaking water bath. The methods were based on
those described previously (12, 19), with calcium added for the
testing of daptomycin (12, 19).

Time-Kkill assays were performed by determining the number
of strains which yielded changes in the log,, CFU per milliliter
of —1, =2, and —3 at 0, 3, 6, 12, and 24 h compared with the
counts at time zero. The antimicrobials were considered bac-
tericidal at the lowest concentration that reduced the original
inoculum by =3 log,, CFU/ml (99.9%) at each of the time
periods and bacteriostatic if the inoculum was reduced by 0 to
<3 log,, CFU/ml. The problem of antibiotic carryover was
addressed by dilution, as described previously (12, 19).

The MICs of the drugs tested for the staphylococci are listed
in Tables 1 and 2. The LBM415 MICs at which 50% of isolates
are inhibited (MIC,s) and MIC,ys were 1.0 and 2.0 pg/ml,
respectively, for S. aureus and 1.0 and 2.0 pg/ml, respectively,
for coagulase-negative staphylococci. Linezolid MICs, espe-
cially those for the coagulase-negative strains, were often 1 or
more dilutions higher than ranbezolid MICs. Vancomycin

TABLE 1. MICs for S. aureus strains

MIC (pg/ml)
Drug Methicillin-resistant strains Methicillin-susceptible strains
(n = 62) (n = 69)

Range 50% 90% Range 50% 90%
LBM415 0.25-4.0 2.0 4.0 0.125-4.0 1.0 2.0
Ciprofloxacin 0.25->16.0 >16.0 >16.0 =0.06->16.0 0.25 >16.0
Levofloxacin ~ 0.125->16.0 8.0 >160 =0.06->16.0 0.125 8.0
Gatifloxacin 0.06->8.0 4.0 8.0 =0.016-8.0 0.06 4.0
Moxifloxacin 0.03->8.0 2.0 4.0 =0.016-4.0 0.03 2.0
Vancomycin 0.25-2.0 1.0 1.0 0.25-1.0 0.5 1.0
Teicoplanin 0.125-4.0 0.5 1.0 0.125-2.0 0.5 1.0
Oritavancin 0.25-4.0 2.0 2.0 0.25-4.0 2.0 2.0
Linezolid 1.0-4.0 2.0 4.0 1.0-4.0 2.0 4.0
Ranbezolid 0.5-4.0 2.0 40 =0.06-2.0 1.0 2.0
Daptomycin 0.125-2.0 0.5 0.5 0.125-1.0 0.5 0.5
Quinupristin-  0.125-1.0 0.5 0.5  =0.06-0.5 0.25 0.5

dalfopristin
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TABLE 2. MICs for coagulase-negative staphylococci
MIC (pg/ml)
Drug Methicillin-resistant strains (n = 60) Methicillin-susceptible strains (n = 67)

Range 50% 90% Range 50% 90%
LBM415 =0.06-2.0 1.0 2.0 0.125-4.0 1.0 2.0
Ciprofloxacin =0.06->16.0 8.0 >16.0 =0.06->16.0 0.125 4.0
Levofloxacin =0.06->16.0 4.0 8.0 =0.06-16.0 0.125 4.0
Gatifloxacin 0.03-4.0 1.0 2.0 0.03-4.0 0.06 1.0
Moxifloxacin =0.016-8.0 1.0 2.0 =0.016-2.0 0.03 0.5
Vancomycin 0.5-2.0 2.0 2.0 0.25-2.0 1.0 2.0
Teicoplanin 0.5->16.0 4.0 8.0 0.125-16.0 1.0 8.0
Oritavancin 0.5-4.0 2.0 2.0 0.25-4.0 2.0 2.0
Linezolid 1.0-2.0 1.0 2.0 1.0-4.0 1.0 2.0
Ranbezolid =0.06-4.0 0.25 1.0 =0.06-1.0 0.125 0.5
Daptomycin 0.25-1.0 0.5 0.5 0.125-1.0 0.5 0.5
Quinupristin-dalfopristin 0.125-1.0 0.125 0.5 =0.06-1.0 0.125 0.5

MICs were low for all strains, but teicoplanin was much less
active against the coagulase-negative strains. Quinupristin-dal-
fopristin was equally active against all strains. Ranbezolid
MICs were lower for the coagulase-negative strains than for
the S. aureus strains, and teicoplanin was relatively inactive
against coagulase-negative staphylococci; both of these find-
ings are noteworthy. Oxazolidinone MICs were not influenced
by the methicillin susceptibilities of the staphylococcal strains.
Quinolone MICs were generally higher for the methicillin-
resistant strains. The LBM415 MIC for the VRSA strain was
0.5 pg/ml

The MICs for the strains tested by the time-kill assay are
listed in Table 3, and the killing kinetics are presented in Table
4. The results of the time-kill assays showed that after 24 h
LBM415 at the MIC was bacteriostatic against all strains
tested. Similar bacteriostatic activities were observed for lin-
ezolid, ranbezolid, tigecycline, and quinupristin-dalfopristin.
After 24 h, the quinolones at two times the MIC were bacte-
ricidal against four to eight strains. After 24 h at two times the
MICs, vancomycin was bactericidal against nine strains and
teicoplanin was bactericidal against six strains. By contrast,
daptomycin and oritavancin showed rapid bactericidal activity,

with 99.9% killing of 11 to 12 strains at two times the MIC after
24 h and significant activity as early as 3 h.

LBM415 is a new peptide deformylase inhibitor (1, 2, 9, 13,
14) with excellent activities against clinically significant gram-
positive strains, including multiresistant organisms, such as lin-
ezolid-resistant staphylococci (MIC range, 0.25 to 2 pg/ml),
Enterococcus faecalis (MIC range, 2 to 4 ng/ml) and Entero-
coccus faecium, including quinupristin-dalfopristin-resistant
strains (MIC range, 0.5 to 4 pg/ml) (14). In another recent
study of 1,837 recently isolated gram-positive strains, LBM415
MICs were =4 pg/ml for all strains except six enterococci (13).
LBM415 MICs ranged from 0.5 to 4.0 pg/ml (MICs, 0.5 ng/
ml; MIC,,, 1.0 pg/ml) and 1 and 4 pg/ml (MICs,, 1 pg/ml;
MIC,,, 2 pg/ml) for 875 S. aureus isolates and 381 coagulase-
negative staphylococci, respectively (13). The results of the
present study confirm the low MICs of LBM415 for staphylo-
cocci obtained by Jones and coworkers (13, 14). Jones and
Rhomberg (15) have also recently reported MIC results for
NVP-PDF386 (VCR4887), a related peptide deformylase in-
hibitor. The range of MICs of NVP-PDF386 for 104 S. aureus
strains was 0.06 to 2 pg/ml, with an MICs, of 0.5 wg/ml and an
MIC,, of 1.0 pg/ml. NVP-PDF386 inhibited all 49 coagulase-

TABLE 3. MICs for strains tested by time-Kkill assays

MIC (pg/ml)*

Dru

¢ SAS8 SA9 SA12 SA13  SAl16  SAI9 CN3 CN6 CN20 CNS CN11 CN18
LBM415 1 0.25 0.25 1 1 0.5 2 2 0.5 2 2 1
Ciprofloxacin 0.5 1 0.5 >32 >32 32 0.25 0.25 0.25 025 >32 16
Levofloxacin 0.25 0.25 0.25 32 32 16 0.25 0.25 0.25 0.25 32 8
Gatifloxacin 0.125 0.125 0.125 4 16 4 0.125 0.125 0.125 0.125 4 2
Moxifloxacin 0.06 0.03 0.06 4 8 2 0.125 0.06 0.06 0.06 8 2
Vancomycin 1 1 1 1 2 1 2 2 2 4 2 4
Teicoplanin 0.5 0.5 0.5 0.5 1 1 4 8 4 4 1 16
Oritavancin 0.25 0.5 0.5 0.5 0.5 0.5 0.5 0.25 0.5 1 0.5 0.5
Linezolid 2 2 4 2 4 2 2 2 2 2 4 1
Ranbezolid 2 2 4 2 4 4 0.125 0.125 0.25 0.125 2 0.125
Daptomycin 0.5 0.5 1 2 1 1 0.5 0.25 0.125 0.25 0.5 0.5
Tigecycline 0.5 0.5 0.5 0.5 1 0.5 0.25 0.25 1 1 0.5 0.5
Quinupristin-dalfopristin 0.25 0.5 0.5 0.5 0.5 1 0.125 0.125 0.125 0.25 1 0.25

¢ Strains SA8, SA9, and SA12, methicillin-susceptible S. aureus; strains SA13, SA16, and SA19, methicillin-resistant S. aureus; strains CN3, CN6, and CN20
methicillin-susceptible coagulase-negative staphylococci; strains CN5, CN11, and CN18 methicillin-resistant coagulase-negative staphylococci.
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TABLE 4. Time-kill analyses
No. of strains with the indicated level of killing® at the following times:
Drug and multiple of MIC 3h 6h 12h 24 h
-1 -2 -3 -1 -2 -3 -1 -2 -3 -1 -2 -3
LBM415
4 0 0 0 1 1 0 2 1 0 1 1 0
2 0 0 0 1 1 0 2 1 0 0 0 0
1 0 0 0 1 1 0 1 1 0 0 0 0
Ciprofloxacin®
4 5 2 0 7 4 3 7 5 4 7 7 5
2 5 2 0 7 3 2 7 5 3 7 7 4
1 3 1 0 6 2 2 6 2 2 6 2 2
Levofloxacin®
4 7 2 1 8 6 1 9 9 5 9 9 7
2 5 2 0 8 5 1 9 8 5 9 8 7
1 4 1 0 8 3 1 9 4 1 9 7 3
Gatifloxacin
4 11 4 1 12 10 5 12 12 8 12 12 11
2 10 2 0 12 9 4 12 12 7 12 12 8
1 6 2 0 10 5 3 11 9 2 10 7 3
Moxifloxacin
4 12 7 1 12 9 5 12 11 9 12 12 10
2 10 5 0 11 9 3 12 9 7 12 9 7
1 8 2 0 9 4 1 10 7 2 8 3 2
Vancomycin
4 4 0 0 10 3 1 12 10 4 12 10 9
2 3 0 0 10 2 0 12 9 3 12 10 9
1 3 0 0 9 1 0 11 4 3 8 5 3
Teicoplanin
4 2 0 0 10 0 0 11 8 1 12 11 7
2 2 0 0 8 0 0 10 6 0 12 11 6
1 0 0 0 4 0 0 10 4 0 9 6 3
Oritavancin
4 12 12 9 12 12 12 12 12 12 12 12 12
2 12 12 7 12 12 12 12 11 10 12 12 12
1 12 10 2 12 12 8 11 9 9 8 6 6
Linezolid
4 0 0 0 0 0 0 0 0 0 4 0 0
2 0 0 0 0 0 0 0 0 0 1 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
Ranbezolid
4 1 1 0 2 1 0 5 0 0 11 2 0
2 0 0 0 1 0 0 3 0 0 10 1 0
1 0 0 0 1 0 0 1 0 0 2 0 0
Daptomycin
12 9 7 12 12 10 12 12 12 12 12 12
2 11 9 5 12 11 9 12 12 10 12 12 11
1 9 6 0 12 9 6 12 11 5 11 10 8
Tigecycline
4 0 0 0 0 0 0 3 1 1 6 0 0
2 0 0 0 0 0 0 2 1 0 6 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
Quinupristin-dalfopristin
2 0 0 6 0 0 7 2 0 9 4 2
2 0 0 0 5 0 0 7 2 0 8 3 1
1 0 0 0 4 0 0 5 1 0 5 1 0

“ —1, 90% killing; —2, 99% Kkilling; —3, 99.9% Kkilling.
® Five strains were not tested with ciprofloxacin due to resistance (Table 3).
¢ Three strains were not tested with levofloxacin due to resistance (Table 3).
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negative staphylococcal strains tested at an MIC of 2 pg/ml,
with an MIC range of =0.25 to 2 pg/ml. NVP-PDF713 was
bacteriostatic against all strains tested. The latter property
leads to trailing end points, which makes agar dilution testing
of the MICs of this compound for staphylococci unreliable
(P. C. Appelbaum, unpublished data).

The MIC and time-kill assay results for the other com-
pounds whose activities were tested against staphylococci were
similar to those described previously (3, 4, 6-8, 10, 11, 16,
20-22), with oritavancin and daptomycin having the most rapid
bactericidal activities, followed by vancomycin and teicoplanin;
tigecycline, linezolid, ranbezolid, and quinupristin-dalfopristin
were mainly bacteriostatic. The bacteriostatic activity of quinu-
pristin-dalfopristin was due to the constitutive expression of
erm(B) genes in these strains (data not shown).

The results of this study indicate a potential role for
LBMA415 for the treatment of staphylococcal infections. How-
ever, interpretation of these in vitro results must be comple-
mented by toxicity and pharmacokinetic-pharmacodynamic
studies before the drug can be recommended for clinical test-
ing.

This study was supported by a grant from Novartis Research Labo-
ratories.

REFERENCES

1. Anderegg, T. R., D. J. Biedenbach, R. N. Jones, and the Quality Control
Working Group. 2003. Quality control guidelines for MIC susceptibility
testing of NVP-PDF 713: a novel peptide deformylase inhibitor. Int. J.
Antimicrob. Agents 22:84-86.

2. Anderegg, T. R., R. N. Jones, and the Quality Control Working Group. 2004.
Disk diffusion quality control guidelines for NVP-PDF 713: a novel peptide
deformylase inhibitor. Diagn. Microbiol. Infect. Dis. 48:55-57.

3. Biavasco, F., C. Vignarolli, R. Lupdi, E. Manso, B. Facinelli, and P. E.
Varaldo. 1997. In vitro antibacterial activity of 1.Y333328, a new semisyn-
thetic glycopeptide. Antimicrob. Agents Chemother. 41:2165-2172.

4. Boucher, H. W., C. B. Wennersten, and G. M. Eliopoulos. 2000. In vitro
activities of the glycylcycline GAR-936 against gram-positive bacteria. Anti-
microb. Agents Chemother. 44:2225-2229.

5. Bozdogan, B., D. Esel, C. Whitener, F. A. Browne, and P. C. Appelbaum.
2003. Antibacterial susceptibility of a vancomycin-resistant Staphylococcus
aureus isolated at the Hershey Medical Center. J. Antimicrob. Chemother.
52:864-868.

6. Cercenado, E., F. Garcia-Garrote, and E. Bouza. 2001. In-vitro activity of
linezolid against multiply resistant gram-positive clinical isolates. J. Antimi-
crob. Chemother. 47:77-81.

7. Cuny, C., and W. Witte. 2000. In vitro activity of linezolid against staphylo-
cocci. Clin. Microbiol. Infect. 6:328-333.

10.

11.

12.

13.

15.

16.

20.

21.

22.

23.

24.

ANTIMICROB. AGENTS CHEMOTHER.

. Diekema, D. J., and R. N. Jones. 2000. Oxazolidinones. A review. Drugs

59:7-16.

. Fritsche, T. R., G. J. Moet, and R. N. Jones. Commercial broth microdilution

panel validation and reproducibility trials for NVP-PDF 713, a novel inhib-
itor of bacterial peptide deformylase. Clin. Microbiol. Infect., in press.
Henwood, C. J., D. M. Livermore, A. P. Johnson, D. James, M. Warner, A.
Gardiner, and the Linezolid Study Group. 2000. Susceptibility of gram-
positive cocci from 25 UK hospitals to antimicrobial agents including lin-
ezolid. J. Antimicrob. Chemother. 46:931-940.

Hiramatsu, K. 1998. The emergence of Staphylococcus aureus with reduced
susceptibility to vancomycin in Japan. Am. J. Med. 104:7S-10S.

Hoellman, D. B., G. Lin, L. M. Ednie, A. Rattan, M. R. Jacobs, and P. C.
Appelbaum. 2003. Antipneumococcal and antistaphylococcal activities of
ranbezolid (RBX 7644), a new oxazolidinone, compared to those of other
agents. Antimicrob. Agents Chemother. 47:1148-1150.

Jones, R. N, T. R. Fritsche, and H. S. Sader. 2004. Antimicrobial spectrum
and activity of NVP-PDF 713, a novel peptide deformylase inhibitor, tested
against 1,837 recent gram-positive clinical isolates. Diagn. Microbiol. Infect.
Dis. 49:63-65.

. Jones, R. N, G. J. Moet, H. S. Sader, and T. R. Fritsche. 2004. Potential

utility of a peptide deformylase inhibitor (NVP-PDF 713) against oxazolidi-
none-resistant or streptogramin-resistant gram-positive organism isolates. J.
Antimicrob. Chemother. 53:804-807.

Jones, R. N., and P. R. Rhomberg. 2003. Comparative spectrum and activity
of NVP-PDF386 (VCR4887), a new peptide deformylase inhibitor. J. Anti-
microb. Chemother. 51:157-161.

Livermore, D. M. 2000. Quinupristin/dalfopristin and linezolid: where, when,
which and whether to use? J. Antimicrob. Chemother. 46:347-350.

. National Committee for Clinical Laboratory Standards. 2003. Methods for

dilution antimicrobial susceptibility tests for bacteria that grow aerobically,
6th ed.; approved standard. NCCLS publication no. M7-A6. National Com-
mittee for Clinical Laboratory Standards, Wayne, Pa.

. Nichols, R. L. 1999. Optimal treatment of complicated skin and soft tissue

infections. J. Antimicrob. Chemother. 44:19-23.

. Pankuch, G. A., M. R. Jacobs, and P. C. Appelbaum. 1994. Study of com-

parative antipneumococcal activities of penicillin G, RP 59500, erythromy-
cin, sparfloxacin, ciprofloxacin and vancomycin by using time-kill methodol-
ogy. Antimicrob. Agents Chemother. 38:2065-2072.

Patel, R., M. S. Rouse, K. E. Piper, and J. M. Steckelberg. 1999. In-vitro
activity of linezolid against vancomycin-resistant enterococci, methicillin-
resistant Staphylococcus aureus and penicillin-resistant Streptococcus pneu-
moniae. Diagn. Microbiol. Infect. Dis. 34:119-122.

Snydman, D. R., N. V. Jacobus, L. A., McDermott, J. R. Lonks, and J. M.
Boyce. 2000. Comparative in vitro activities of daptomycin and vancomycin
against resistant gram-positive pathogens. Antimicrob. Agents Chemother.
44:3447-3450.

Stevens, D. L., L. G. Smith, J. B. Bruss, M. A. McConnell-Martin, S. E.
Duvall, W. M. Todd, and B. Hafkin. 2000. Randomized comparison of
linezolid (PNU-100766) versus oxacillin-dicloxacillin for treatment of com-
plicated skin and soft tissue infections. Antimicrob. Agents Chemother.
44:3408-3413.

Tenover, F. C., L. M. Weigel, P. C. Appelbaum, L. K. McDougal, J. Chait-
ram, S. McAllister, N. Clark, G. Killgore, C. M. O’Hara, L. Jevitt, J. B. Patel,
and B. Bozdogan. 2004. Vancomycin-resistant Staphylococcus aureus isolate
from a patient in Pennsylvania. Antimicrob. Agents Chemother. 48:275-280.
Voss, A., D. Milatovic, C. Wallrauch-Schwarz, V. T. Rosdahl, and I. Braveny.
1994. Methicillin-resistant Staphylococcus aureus in Europe. Eur. J. Clin.
Microbiol. Infect. Dis. 13:50-55.



