
WO 03/061715 PCT/US03/01710  INFECTION-RESISTANT MEDICAL DEVICES CROSS
REFERENCE TO RELATED APPLICATIONS This application claims the benefit of
U.S. provisional patent application Serial  No. 60/380,656, filed May 15,
2002, and U.S. provisional patent application Serial  No. 60/350,767, filed
January 22, 2002. BACKGROUND OF THE INVENTION  Field of the Invention The
invention relates generally to prohibiting microorganism infection
associated  with implanted medical devices. In particular, the invention
relates to the use of  oxazolidinone compounds such as linezolid to prevent
medical device-associated infections.  Description of Related Technology
Implantable medical devices made of biomaterials (i.e.,
biologically-compatible  materials known to those skilled in the art, such
as metal, polymeric, or ceramic materials)  are frequently used for
treatment of a variety of human diseases and other conditions.  Growth of
microorganisms on the surfaces of such medical devices following
implantation  occurs relatively infrequently, but can produce serious and
costly complications, such as  requiring removal or replacement of the
implanted device or vigorous treatment of  secondary infections. Advances
in engineered materials and surgical techniques coupled with the
demographics of an aging population suggest an increasing demand for
implantable medical  devices over the next several decades. Implantable
devices include, for example, sutures,  orthopedic appliances, stents,
catheters, guidewires, shunts (e.g., hemodialysis shunts or  cerebrospinal
shunts), prostheses (e.g., prosthetic heart valves or prosthetic joints),
cardiac  pacemakers, neuronal stimulators, and vascular grafts. However, a
major limiting factor in  the use of implantable devices is the risk of
microbial growth on the biomaterials by  microbes, such as bacteria, to
form biofilms, which may cause serious infections, such as  osteomyelitis,
endocarditis, or septic shock. Such infections can occur despite the WO
03/061715 PCT/US03/01710  -2 prophylactic administration of antibiotics in
implantation surgery, which has become  



standard practice for such surgeries. Consequently, effective treatment of
infections often necessitates the removal of the  implanted device.
Accordingly, there is a need for improved methods for prevention of
medical device-associated infections. WO 03/061715 PCT/US03/01710  -3
SUMMARY OF THE INVENTION In general, the invention relates to methods of
preventing infection associated with  medical devices by inhibiting
bacterial adherence to the surface of the device. According to one aspect
of the present invention, a method for preparing an  infection-resistant
medical device for use within a human or animal body includes the steps  of
providing a medical device and incorporating an effective amount of an
antimicrobial  agent comprising an oxazolidinone compound into the medical
device. According to another aspect of the invention, a method of
inhibiting adherence of  bacteria to a medical device includes the steps of
providing an antibacterial agent  comprising linezolid, or a
pharmaceutically acceptable salt thereof, and incorporating the
antibacterial agent into the medical device. According to still another
aspect of the invention, a method of inhibiting bacterial  adherence to an
implanted medical device includes the steps of implanting a medical device
in a human or animal body, and applying an antibacterial agent comprising
an  oxazolidinone, or a pharmaceutically acceptable salt thereof, to the
implanted medical  device. According to yet another aspect of the
invention, a method of inhibiting bacterial  adherence to an implanted
medical device includes the steps of administering a  pharmaceutical
composition comprising an oxazolidinone, or a pharmaceutically acceptable
salt thereof, to a patient in need of an implanted medical device, and
implanting a medical  device in the patient. According to a further aspect
of the invention, a medical device resistant to  microbial adherence for
use within a human or animal body includes an effective amount of
linezolid, or a pharmaceutically acceptable salt thereof. These and other
aspects and advantages of the invention will be apparent from the  



following detailed description. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is
a graph illustrating effects of subinhibitory concentrations (less than the
minimum inhibitory concentration) of linezolid and vancomycin on adherence
of S. aureus  UC-20205 to polystyrene surfaces; WO 03/061715 PCT/US03/01710
-4 Fig. 2 is a graph illustrating effects of subinhibitory concentrations
of linezolid and  vancomycin on adherence of S. aureus UC-20206 to
polystyrene surfaces; Fig. 3 is a graph illustrating effects of
subinhibitory concentrations of linezolid and  vancomycin on adherence of
S. epiderinidis UC-20207 to polystyrene surfaces; Fig. 4 is a graph
illustrating effects of subinhibitory concentrations of linezolid and
vancomycin on adherence of S. epidermidis UC-20208 to polystyrene surfaces;
Fig. 5 is a graph illustrating effects of subinhibitory concentrations of
linezolid and  vancomycin on adherence of S. epidermidis RP62A to
polystyrene surfaces; Figs. 6A-D are scanning electron micrographs showing
microcolonies of S. aureus  UC-20205 adherent to a polystyrene surface: (A)
noninfected control; (B) infected- nontreated control; (C) infected culture
treated with linezolid at one-fourth the MIC; and  (D) infected culture
treated with vancomycin at one-fourth the MIC; and Figs. 7A-D are scanning
electron micrographs showing microcolonies of S.  epidermidis RP62A
adherent to a polystyrene surface: (A) noninfected control; (B) infected-
nontreated control; (C) infected culture treated with linezolid at
one-fourth the MIC; and (D) infected culture treated with vancomycin at
one-fourth the MIC. Fig. 8 shows graphs of the inhibitory effects of
prophylactic and delayed treatments  with therapeutic (equal to or greater
than the MIC) and subtherapeutic (one-half the MIC)  concentrations of
linezolid or vancomycin on staphylococcal adherence to polystyrene
surfaces as detailed in Table 4. Fig. 9 shows graphs of the inhibitory
effects of prophylactic and delayed treatments  with MIC and sub-MIC
(one-half MIC) levels of linezolid or vancomycin on staphylococcal
adherence to polystyrene surfaces as detailed in Table 5. Significant
differences from control are indicated by an asterisk (* = p<0.05). 



Fig. 10 shows scanning electron micrographs exhibiting the effects of
prophylactic  (0 h) and delayed (2 h, 4 h, and 6 h) treatments with 1 gg/ml
of linezolid (one-half MIC) on  S. epidermidis RP62A microcolonies adherent
to the surface of polystyrene. Fig. 11 shows scanning electron micrographs
showing the effects of prophylactic (0  h) and delayed (2 h, 4 h, and 6 h)
treatments with 1 g/ml of vancomycin (one-half MIC) on  S. epidermidis
RP62A microcolonies adherent to the surface of polystyrene. WO 03/061715
PCT/US03/01710  -5 DETAILED DESCRIPTION OF THE INVENTION  Oxazolidinones
are a class of synthetic antibacterial agents. Oxazolidinone  compounds are
known in the art. In some embodiments, oxazolidinone compounds may  have
the formula: R3  B \X  -0- A R3  or a pharmaceutically acceptable salt
thereof wherein:  A is a structure i, ii, iii, or iv 0 O 0 O  N,O NAO -
1-NI  ii iii iv B is selected from cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted  cycloalkenyl, aryl, substituted aryl, het and
substituted het, or B and one R3 together, with the phenyl carbon atoms to
which B and the one  R3 are bonded, form a het, the het optionally being a
substituted het; X is a group selected from -CH2-NH-C(O)-R4, -CH2-R4, and
-CH2-Y-R4;  Each Y is O, S, or NH-; Each of Rl and R2 is independently
selected from H, -OH, amino, alkyl, alkoxy,  alkenyl, substituted amino,
substituted alkyl, substituted alkoxy, and substituted alkenyl;  



Each R3 is independently selected from H, alkyl, alkoxy, amino, NO2, CN,
halo,  substituted alkyl, substituted alkoxy, and substituted amino; and
Each R4 is independently selected from H, -OH, amino, alkyl, substituted
alkyl,  alkoxy, substituted alkoxy, alkenyl, substituted alkenyl,
cycloalkyl, substituted cycloalkyl,  cycloalkenyl, substituted
cycloalkenyl, het, substituted het, aryl, and substituted aryl. The
following definitions are used, unless otherwise described. The carbon atom
content of various hydrocarbon-containing moieties is indicated by  a
prefix designating the minimum and maximum number of carbon atoms in the
moiety, WO 03/061715 PCT/US03/01710  -6 i.e., the prefix C;.j indicates a
moiety of the integer "i" to the integer "j" carbon atoms,  inclusive.
Thus, for example, C1_7 alkyl refers to alkyl of one to seven carbon atoms,
inclusive. The term "halo" refers to a halogen atom selected from Cl, Br,
I, and F. The term "alkyl" refers to both straight- and branched-chain
moieties. Unless  otherwise specifically stated alkyl moieties include
between 1 and 6 carbon atoms. The term "alkenyl" refers to both straight-
and branched-chain moieties containing at  least one -C=C-. Unless
otherwise specifically stated alkenyl moieties include between 1  and 6
carbon atoms. The term "alkynyl" refers to both straight- and
branched-chain moieties containing  at least one -C/C-. Unless otherwise
specifically stated alkynyl moieties include between 1  and 6 carbon atoms.
between 1 and 6 carbon atoms The term "alkoxy" refers to -0-alkyl groups.
The term "cycloalkyl" refers to a cyclic alkyl moiety. Unless otherwise
specifically  stated cycloalkyl moieties will include between 3 and 9
carbon atoms. The term "cycloalkenyl" refers to a cyclic alkenyl moiety.
Unless otherwise  specifically stated cycloalkyl moieties will include
between 3 and 9 carbon atoms and at  least one -C=C- group within the
cyclic ring. The term "amino" refers to NH2. The term "aryl" refers to
phenyl, phenyl, and naphthyl. The term "het" refers to mono- or bi-cyclic
ring systems containing at least one  



heteroatom selected from 0, S, and N. Each mono-cyclic ring may be
aromatic, saturated,  or partially unsaturated. A bi-cyclic ring system may
include a mono-cyclic ring containing  at least one heteroatom fused with a
cycloalkyl or aryl group. A bi-cyclic ring system may  also include a
mono-cyclic ring containing at least one heteroatom fused with another het,
mono-cyclic ring system. Examples of "het" include, but are not limited to,
pyridine, thiophene, furan,  pyrazoline, pyrimidine, 2-pyridyl, 3-pyridyl,
4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5- pyrimidinyl, 3-pyridazinyl,
4-pyridazinyl, 3-pyrazinyl, 4-oxo-2-imidazolyl, 2-inidazolyl, 4-
imidazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 3-pyrazolyl,
4-pyrazolyl, 5-pyrazolyl,  2-oxazolyl, 4-oxazolyl, 4-oxo-2-oxazolyl,
5-oxazolyl, 1,2,3-oxathiazole, 1,2,3-oxadiazole,  1,2,4-oxadiazole,
1,2,5-oxadiazole, 1,3,4-oxadiazole, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl,
3 WO 03/061715 PCT/US03/01710  -7 isothiazole, 4-isothiazole,
5-isothiazole, 2-furanyl, 3-furanyl, 2-thienyl, 3-thienyl, 2- pyrrolyl,
3-pyrrolyl, 3-isopyrrolyl, 4-isopyrrolyl, 5-isopyrrolyl,
1,2,3,-oxathiazole-l-oxide,  1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl,
5-oxo-1,2,4-oxadiazol-3-yl, 1,2,4-thiadiazol-3- yl, 1,2,4-thiadiazol-5-yl,
3-oxo-1,2,4-thiadiazol-5-yl, 1,3,4-thiadiazol-5-yl, 2-oxo-1,3,4-
thiadiazol-5-yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl,
1,2,3,4-tetrazol-5-yl, 5-oxazolyl, 3- isothiazolyl, 4-isothiazolyl,
5-isothiazolyl, 1,3,4,-oxadiazole, 4-oxo-2-thiazolinyl, 5-methyl-
1,3,4-thiadiazol-2-yl, thiazoledione, 1,2,3,4-thiatriazole,
1,2,4-dithiazolone, phthalimide,  quinolinyl, morpholinyl, benzoxazoyl,
diazinyl, triazinyl, quinolinyl, quinoxalinyl,  naphthyridinyl, azetidinyl,
pyrrolidinyl, hydantoinyl, oxathiolanyl, dioxolanyl,  imidazolidinyl, and
azabicyclo [2.2.1 ]heptyl. The term "substituted alkyl" refers to an alkyl
moiety including 1-4 substituents  selected from halo, het, cycloalkyl,
cycloalkenyl, aryl, -OQio, -SQ1o, -S(0)2Q10, -S(0)Qlo, - OS(O)2Q1o,
-C(=NQ1o)Q1o, -SC(O)Qio, -NQ10Q1o, -C(O)Qio, -C(S)Q1o, -C(0)OQ1o, -
OC(O)Qio, -C(O)NQ10Q10, -C(O)C(Q16)20C(0)Q1o, -CN, =0, =S, -NQ10C(0)Q1o, -
NQ1oC(0)NQ1oQ10, -S(0)2NQ1oQ1o, -NQ10S(0)2Q1o, -NQ10S(0)Q1o, -NQ10SQ1o,
-NO2, and  -SNQ10Q10. Each of the het, cycloalkyl, cycloalkenyl, and aryl
being optionally substituted  with 1-4 substituents independently selected
from halo and Q15. The term "substituted aryl" refers to an aryl moiety
having 1-3 substituents selected  



from -OQ1o, -SQ10, -S(0)2Q10, -S(O)Q1o, -OS(0)2Q1o, -C(=NQ1o)Q10,
-SC(O)Q1o, -NQ1oQ1o, -C(0)Q1o, -C(S)Q1o, -C(O)OQ1o, -OC(0)Q1o,
-C(O)NQ10Q10, -C(0)C(Q16)20C(O)Q1o, -CN, -NQ1oC(0)Q1o, -NQ1oC(0)NQ10Q1o, -
S(0)2NQ10Q10, -NQ10S(0)2Q1o, -NQ10S(O)Q1o, -NQ10SQ1o, -NO2, -SNQ1oQ1o,
alkyl,  substituted alkyl, het, halo, cycloalkyl, cycloalkenyl, and aryl.
The het, cycloalkyl,  cycloalkenyl, and aryl being optionally substituted
with 1-3 substituents selected from halo and Q15. The term "substituted
het" refers to a het moiety including 1-4 substituents selected  from
-OQ1o, -SQ1o, -S(0)2Q1o, -S(O)Q1o, -OS(O)2Q1o, -C(NQ10)Q10, -SC(O)Q1o,
-NQ1oQ1o,  -C(O)Qlo, -C(S)Q1o, -C(0)0Q1o, -OC(O)Q10, -C(O)NQ1oQ1o,
-C(O)C(Q16)20C(O)Q1o, -CN,  =0, =S, -NQ1oC(O)Q1o, -NQ1oC(O)NQ1oQ1o,
-S(O)2NQ10Q1o, -NQ10S(0)2Q1o, -NQ10S(O)Q1o, -NQ10SQ10, -NO2, -SNQ1oQ1o,
alkyl,  substituted alkyl, het, halo, cycloalkyl, cycloalkenyl, and aryl.
The het, cycloalkyl, WO 03/061715 PCT/US03/01710  -8 cycloalkenyl, and aryl
being optionally substituted with 1-3 substituents selected from halo  and
Q15. The term "substituted alkenyl" refers to a alkenyl moiety including
1-3 substituents - OQio, -SQ10, -S(O)2Q1o, -S(O)Q1o, -OS(O)2Q1o,
-C(NQ1o)Q1o, -SC(O)Q1o, -NQ1oQ1o, - C(O)Qio, -C(S)Qio, -C(O)OQ1o,
-OC(O)Q1o, -C(O)NQ10Q1o, -C(O)C(Q16)20C(O)Q1o, -CN, =0, =S, -NQ1oC(O)Q1o,
-NQ1oC(O)NQ1oQio,  -S(O)2NQ10Q1o, -NQ10S(O)2Q1o, -NQ10S(O)Q1o, -NQ1oSQ1o,
-NO2, -SNQ1oQ1o, alkyl,  substituted alkyl, het, halo, cycloalkyl,
cycloalkenyl, and aryl. The het, cycloalkyl,  cycloalkenyl, and aryl being
optionally substituted with 1-3 substituents selected from halo  and Q15.
The term "substituted alkoxy" refers to an alkoxy moiety including 1-3
substituents - OQio, -SQ10, -S(O)2Q1o, -S(O)Q1o, -OS(O)2Q1o, -C(=NQ1o)Q1o,
-SC(O)Qio, -NQ1oQ1o, - C(O)Qio, -C(S)Qio, -C(O)OQ1o, -OC(O)Q1o,
-C(O)NQ1oQ1o, -C(O)C(Q16)20C(O)Q1o, -CN, =0, =S, -NQ10C(O)Q1o,
-NQ1oC(O)NQ1oQ1o,  -S(O)2NQ10Q1o, -NQ10S(O)2Q1o, -NQ1oS(O)Q1o, -NQ10SQ1o,
-NO2, -SNQ1oQ1o, alkyl,  substituted alkyl, het, halo, cycloalkyl,
cycloalkenyl, and aryl. The het, cycloalkyl,  



cycloalkenyl, and aryl being optionally substituted with 1-3 substituents
selected from halo  and Q15 The term "substituted cycloalkenyl" refers to a
cycloalkenyl moiety including 1-3  substituents -OQio, -SQ1o, -S(O)2Q1o,
-S(O)Qio, -OS(O)2Q1o, -C(=NQ1o)Qio, -SC(O)Qio, - NQ1oQ10, -C(O)Qio,
-C(S)Q1o, -C(O)OQ1o, -OC(O)Q1o, -C(O)NQ10Q1o,  C(O)C(Q16)20C(O)Q1o, -CN,
=0, =S, -NQ10C(O)Q1o, -NQ1oC(O)NQ1oQio, -S(O)2NQ10Q1o,  -NQ10S(0)2Q1o,
-NQ10S(O)Q1o, -NQ10SQ1o, -NO2, -SNQ1oQ1o, alkyl, substituted alkyl, het,
halo, cycloalkyl, cycloalkenyl, and aryl. The het, cycloalkyl,
cycloalkenyl, and aryl being  optionally substituted with 1-3 substituents
selected from halo and Q15. The term "substituted amino" refers to an amino
moiety in which one or both of the  amino hydrogens are replaced with a
group selected from -OQ1o, -SQ1o, -S(O)2Q1o, - S(O)Q1o, -OS(O)2Q1o,
-C(=NQ1o)Q1o, -SC(O)Q1o, -NQ10Q1o, -C(O)Q1o, -C(S)Q1o, - C(O)OQ1o,
-OC(O)Q1o, -C(O)NQ1oQ1o, -C(O)C(Q16)20C(O)Q1o, -CN, =0, =S, - NQ1oC(O)Q1o,
-NQ1oC(O)NQ1oQ1o, -S(O)2NQ10Q10, -NQ10S(O)2Q1o, -NQ1oS(O)Q1o, - NQ10SQ1o,
-NO2, -SNQ1oQ1o, alkyl, substituted alkyl, het, halo, cycloalkyl,
cycloalkenyl, WO 03/061715 PCT/US03/01710  -9 and aryl. The het,
cycloalkyl, cycloalkenyl, and aryl being optionally substituted with 1-3
substituents selected from halo and Q15. Each Q1o is independently selected
from -H, alkyl, cycloalkyl, het, cycloalkenyl, and  aryl. The het,
cycloalkyl, cycloalkenyl, and aryl being optionally substituted with 1-3
substituents selected from halo and Q13. Each Q11 is independently selected
from -H, halo, alkyl, aryl, cycloalkyl, and het.  The alkyl, aryl,
cycloalkyl, and het being optionally substituted with 1-3 substituents
independently selected from halo, -NO2, -CN, =S, =0, and Q14 Each Q13 is
independently selected from Q11, -OQiI, -SQII, -S(O)2Q11, -S(O)Q11, -
OS(O)2QI1, -C(=NQ11)Qll, -SC(0)Q11, -NQ11Q11, -C(0)Q11, -C(S)Qll,
-C(O)OQ11, - OC(O)Q11, -C(O)NQ11Q11, -C(O)C(Q16)20C(O)Qlo, -CN, =O, =S,
-NQ11C(O)Q11, - NQl1C(O)NQ11Q11, -S(O)2NQ11Q11, -NQ11S(O)2Q11,
-NQ11S(O)QI1, -NQ11SQ11, -NO2, and  -SNQ11Q11 Each Q14 is -H or a
substituent selected from alkyl, cycloalkyl, cycloalkenyl,  



phenyl, or naphthyl, each optionally substituted with 1-4 substituents
independently selected  from -F, -Cl, -Br, -I, -OQ16, -SQ16, -S(0)2Q16,
-S(O)Q16, -OS(0)2Q16, -NQ16Q16, -C(O)Q16, - C(S)Q16, -C(O)OQ16, -NO2,
-C(O)NQ16Q16, -CN, -NQ16C(O)Q16, -NQ16C(O)NQ16Q16, - S(0)2NQ16Q16, and
-NQ16S(0)2Q16. The alkyl, cycloalkyl, and cycloalkenyl being further
optionally substituted with =0 or =S. Each Q15 is alkyl, cycloalkyl,
cycloalkenyl, het, phenyl, or naphthyl, each optionally  substituted with
1-4 substituents independently selected from -F, -Cl, -Br, -I, -OQ16,
-SQ16, -S(0)2Q16, -S(O)Q16, -OS(O)2Q16, -C(=NQ16)Q16, -SC(O)Q16, - NQ16Q16,
-C(O)Q16, -C(S)Q16, -C(O)OQ16, -OC(O)Q16, -C(O)NQ16Q16,
-C(O)C(Q16)20C(O)Q16, -CN, -NQ16C(O)Q16, -NQ16C(O)NQ16Q16, -S(O)2NQ16Q16, -
NQ16S(O)2Q16, -NQ16S(O)Q16, -NQ16SQ16, -NO2, and -SNQ16Q16. The alkyl,
cycloalkyl,  and cycloalkenyl being further optionally substituted with =0
or =S. Each Q16 is independently selected from -H, alkyl, and cycloalkyl.
The alkyl and  cycloalkyl optionally including 1-3 halos. Other examples of
oxazolidinone compounds and methods for producing  oxazolidinone compounds
may be found, for example, in the following publications which  are hereby
incorporated by reference in their entirety. WO 03/061715 PCT/US03/01710
-10 U.S. Patent Nos. 5,225,565; 5,182,403; 5,164,510; 5,247,090; 5,231,188;
5,565,571;  5,547,950; 5,952,324; 5,968,962; 5,688,792; 6,069,160;
6,239,152; 5,792,765; 4,705,799;  5,043,443; 5,652,238; 5,827,857;
5,529,998; 5,684,023; 5,627,181; 5,698,574; 6,166,056;  6,051,716;
6,043,266; 6,313,307; and 5,523,403. PCT Application and publications
PCTIUS93/04850, W094/01110;  PCT/US94/08904, W095/07271; PCT/US95/02972,
W095/25106; PCT/US95/10992,  W096/13502; PCT/US96/05202, W096135691;
PCT/1JS96/12766; PCT/US96/13726;  PCT/US96/14135; PCT/US96/17120;
PCT/US96/19149; PCT/US97/01970;  PCT/US95/12751, W096/15130,
PCT/US96/00718, W096/23788, W098/54161,  W099/29688, W097/30995,
W097/09328, W095/07271, W000/21960, WO01/40236,  W099/64417, and
WO01/81350. In certain embodiments, the oxazolidinone can have the
following formula:  



~N o O  F O  OH NO  N F  O OH  ZOxazolidinones suitable for the invention
typically are gram-positive antibacterial  agents. Certain oxazolidinone
compounds useful in the invention have been described in  U.S. Patent No.
5,688,792, the entire disclosure of which is incorporated herein by
reference. Other suitable oxazolidinone compounds have the following
Formula II: R5 R6 O  O N / \ N O  (CH2 N~C\R R R6 H  or is a
pharmaceutically acceptable salt thereof, wherein: nis0, 1,or2; WO
03/061715 PCT/US03/01710  -11 R is selected from the group consisting of:
hydrogen; C1-C8 alkyl optionally substituted with one or more substituents
selected  from the group consisting of F, Cl, hydroxy, C1-C8 alkoxy, C1-C8
acyloxy, or  CH2-phenyl; C3-C6 cycloalkyl;  amino; C1-C8 alkylarnino;
C1-C8 dialkylamino; or  



C1-C8 alkoxy; R5 at each occurrence is independently selected from the
group consisting of H,  CH3, CN, CO2H, CO2R, and (CH2).R10, wherein m is 1
or 2; R6 at each occurrence is independently selected from the group
consisting of H, F,  and Cl; R7 is H, except when R1 is CH3, then R7 is H
or CH3; R10 is selected from the group consisting of H, OH, OR, OCOR, NH2,
NHCOR, and  N(R11)2i and R11 at each occurrence is independently selected
from the group consisting of H, p- toluensulfonyl, and C1-C4 alkyl
optionally substituted with one or more substituents selected  from the
group consisting of Cl, F, OH, C1-C8 alkoxy, amino, C1-C8 alkylamino, and
C1-C8  dialkylamino. As used herein, the term "pharmaceutically acceptable
salts" refers to organic and  inorganic acid addition salts of the parent
compound. Examples of salts useful for the  invention are, for example,
hydrochloride, hydrobromide, hydroiodide, sulfate, phosphate,  acetate,
propionate, lactate, mesylate, maleate, malate, succinate, tartrate,
citrate, 2- hydroxyethyl sulfate, fumarate, and the like. WO 03/061715
PCT/US03/01710  -12 One suitable oxazolidinone compound having the
structure, N CH3  F H has the IUPAC name
(S)-N-[[3-[3-fluoro-4-(4-morpholinyl)phenyl]-2-oxo-5-
oxazolidinyl]methyl]acetamide. The compound is commonly known as linezolid
and has  demonstrated particularly effective anti-bacterial activity. The
linezolid compound can be prepared according any suitable method, including
for example, general methods described in U.S. Patent No. 5,688,792.
Briefly, the  heteroaryl substituent, for example an oxazine or thiazine
moiety, is reacted with a  functionalized nitrobenzene in the presence of a
suitable base, preferably in an organic  solvent, such as acetonitrile,
tetrahydrofuran, or ethyl acetate. The nitro group is reduced  either by
hydrogenation or using a suitable reducing agent, for example aqueous
sodium  



hydrosulfite, to afford an anilo compound. The anilo compound is converted
into its benzyl  or methyl urethane derivative, deprotonated with a lithium
reagent to give a suitable  lithiated intermediate, and treated with
(-)-(R)-glycidyl butyrate to afford a crude  oxazolidinone compound. A
suitable method for preparing the linezolid compound is more  particularly
described in Example 5 of U.S. Patent No. 5,688,792. According to one
embodiment of the invention, a method for preparing an infection- resistant
medical device for use within a human or animal body includes the steps of
providing a medical device and incorporating an effective amount of an
antimicrobial agent  comprising an oxazolidinone compound into the medical
device. The oxazolidinone compound can be a compound according to Formula
I, as  described above. The oxazolidinone compound can be linezolid, or a
pharmaceutically  acceptable salt thereof. The medical device can be, for
example, a suture, orthopedic appliance, stent,  catheter, guidewire, shunt
(e.g., hemodialysis shunt or cerebrospinal shunt), prosthesis (e.g., WO
03/061715 PCT/US03/01710  -13 prosthetic heart valve or prosthetic joint),
cardiac pacemaker, neuronal stimulator, or  vascular graft. The medical
device can be made of biomaterials (i.e., biologically- compatible
materials known to those skilled in the art, such as metal, polymeric, or
ceramic  materials). The antimicrobial agent can be incorporated into the
medical device according  to methods known to those skilled in the art,
such as by immersing the medical device in a  solution (e.g., an aqueous
solution) containing the antimicrobial agent, or, for example, by  methods
described in one of the following references: U.S. Patent No. 3,987,797;
U.S.  Patent No. 4,563,485; U.S. Patent No. 4,875,479; U.S. Patent No.
4,946,870; U.S. Patent  No. 5,306,289; U.S. Patent No. 5,584,877; U.S.
Patent No. 5,607,685; U.S. Patent No.  5,788,979; U.S. Patent No.
6,143,037; U.S. Patent No. 6,238,687; WO 00/56283; and WO  01/28601, the
disclosures of which are incorporated herein by reference. The medical
device can include a polymeric material, and the polymeric material can be
co-extruded  with the antibacterial agent. The method for preparing an
infection-resistant medical device  can also include a step of heating the
medical device to a temperature of about 100 C to  about 121 C. The method
can include a step of heating the device in an autoclave,  



according to methods known to those skilled in the art (e.g., heating the
device to a  temperature of about 100 C to about 121 C; at a pressure of
about 15 psi to about 20 psi;  for a time period of about 15 min. to about
20 min.). Linezolid (an oxazolidinone), in  contrast to other antibacterial
compounds, has been discovered to be surprisingly resistant to  thermal
decomposition, at temperatures up to at least about 121 C. The effective
amount of the oxazolidinone compound is normally administered at a
therapeutic dosage for treating antimicrobial infections in the range of
about 0.1 to about  100, more preferably, about 3.0 to about 50 mg/kg of
body weight/day. It is to be  understood that the dosages may vary
depending upon the requirements of the patient, the  severity of the
bacterial infection being treated, and the particular compound being used.
These dosages can be administered to provide blood levels having between
about 2 and  about 4 times the minimum inhibitory concentration (MIC) of
that antimicrobial agent. Of  course, the MIC of a specific antimicrobial
agent varies for each bacterial species.  Advantageously, oxazolidinone
compounds unexpectedly exhibit anti-adhesion properties at  concentrations
well below the MIC. As a result, oxazolidinone compounds inhibit bacterial
adhesion after a single dosing for longer periods of time relative to other
antimicrobial  agents which exhibit anti-adhesion properties at
concentrations equal to or greater than the WO 03/061715 PCT/US03/01710
-14 MIC for those agents. The unexpected properties of the oxazolidinone
compounds are  particularly advantageous in inhibiting bacterial adhesion
onto the surfaces of medical  devices that are placed into the human or
animal body in areas that experience lower  antimicrobial agent
concentration relative to other areas of the body, e.g., in areas of low or
poor circulation, or higher variation of antimicrobial agent concentration
after dosing. Due  to the unexpected properties of the oxazolidinone
compounds, the concentration of the  oxazolidinone compound in the human or
animal body, adjacent to the medical device, that  remains effective as an
anti-adhesion agent is less than the MIC. As described below in the
Examples, linezolid has been discovered to be surprisingly effective at
preventing bacterial  adhesion onto surfaces of biologically-compatible
materials at concentrations below the  MIC, even at concentrations as low
as one-fourth of the MIC. These materials, when  implanted, may be
effective at preventing bacterial adhesion at subinhibitory  



concentrations. Preventing bacterial adhesion assists in the effective
treatment of bacterial  infections, especially those that occur at or near
the site of implanted medical devices, by  disrupting typical bacteria
pathogenesis, e.g., adherence of bacteria to biomaterials to form a
multi-cell environment that protects the bacteria from anti-microbial
agents and host  defenses. In general, the periodicity at which one
administers regular dosages of an effective  amount of a pharmaceutical
composition containing one or more oxazolidinone compounds  to inhibit
bacterial adhesion should be adjusted to maintain the concentration of the
pharmaceutical composition in the patient, adjacent to the implanted
device, at or above  about one-half of the MIC of the pharmaceutical
composition or at or above one-fourth of  the MIC of the pharmaceutical
composition. Compositions including antibacterial agents  that lack the
unexpected sub-MIC anti-adhesion properties of the oxazolidinone compounds
require higher effective amounts of the active agent and/or higher
periodicity of dosing. According to another embodiment, a method of
inhibiting adherence of bacteria to a  medical device includes the steps of
providing an antibacterial agent comprising linezolid,  or a
pharmaceutically acceptable salt thereof, and incorporating the
antibacterial agent into  the medical device. The antibacterial agent can
be incorporated into the medical device  according to methods known to
those skilled in the art, such as by immersing the medical  device in a
solution (e.g., an aqueous solution) containing the antimicrobial agent.
The  method of inhibiting adherence of bacteria to a medical device can
include a step of heating WO 03/061715 PCT/US03/01710  - 15 the medical
device to a temperature of about 100 C to about 121 C. For instance, the
device may be heated in an autoclave for sterilization prior to use,
according to methods  known to those skilled in the art (e.g., heating the
device to a temperature of about 100 C  to about 121 C; at a pressure of
about 15 psi to about 20 psi; for a time period of about 15  min. to about
20 min.). The amount of the oxazolidinone compound in the human or animal
body or adjacent to the medical device that is effective as an
anti-adhesion agent can be less  than the MIC. According to still another
embodiment, a method of inhibiting bacterial adherence to  an implanted
medical device includes the steps of implanting a medical device in a human



or animal body, and applying an antibacterial agent comprising an
oxazolidinone, or a  pharmaceutically acceptable salt thereof, to the
implanted medical device. (E.g., the  antibacterial agent can be applied by
placing a solution, paste, gel, or beads containing the  antibacterial
agent in contact with the device after the device is implanted.) According
to yet another embodiment, a method of inhibiting bacterial adherence to
an implanted medical device includes the steps of administering a
pharmaceutical  composition comprising an oxazolidinone, or a
pharmaceutically acceptable salt thereof, to  a patient in need of an
implanted medical device, and implanting a medical device in the  patient.
The pharmaceutical composition can be administered according to methods
known  to those skilled in the art, such as by oral administration or by
intravenous administration.  The composition can be administered before,
during, and/or after surgery to implant the  medical device. As described
above, the effective amount of the oxazolidinone compound,  such as
linezolid, is administered at a normal therapeutic dosage for treating
antimicrobial  infections. Advantageously, oxazolidinone compounds
unexpectedly exhibit anti-adhesion  properties at concentrations well below
the MIC. As a result, oxazolidinone compounds  inhibit bacterial adhesion
after a single dosing for longer periods of time relative to other
antimicrobial agents which exhibit anti-adhesion properties at
concentrations equal to or  greater than the MIC. According to a further
embodiment, a medical device resistant to microbial  adherence for use
within a human or animal body includes linezolid, or a pharmaceutically
acceptable salt thereof. The concentration of linezolid in the device is
variable. Typically,  the concentration of linezolid in the device is set
at a level sufficient to generate a WO 03/061715 PCT/US03/01710  -16
concentration of linezolid in the human or animal body, adjacent to the
medical device, that  is at least about one-half the MIC or at least about
one-fourth the MIC. To develop infection-resistant medical devices and
methods, we compared the  effects of linezolid and vancomycin on adherence
of coagulase-positive and -negative  staphylococci to polystyrene surfaces.
Vancomycin, a glycopeptide that inhibits bacterial  cell wall synthesis,
was chosen as a comparator agent because it is frequently used as a
prophylactic agent during implantation of prosthetic devices. A modified
version of a  



microtiter-plate assay described by Christensen, et al., J. Clin.
Microbiol. 22(6): 996-1006  (1985), was used as a direct measure of
adherence. The basis of this assay is that bacterial  cells adhere to
polymeric material and to each other, forming a macrocolony whose density
is measured spectrophotometrically after staining with crystal violet. The
reliability of this  assay was assessed with adherent and nonadherent
staphylococci reference strains and  verified by image analysis using
scanning electron microscopy. The importance of plastic adherence as a
surrogate marker for virulence has been  supported by several clinical
studies. (See Davenport, et al. J. Infect. Dis. 153(2): 332-339  (1986);
Deighton, et al., J. Clin. Microbiol. 28(11): 2442-2447 (1990).)
Staphylococci  strains that adhere to and grow on biomaterials were more
often associated with significant  infections than nonadherent strains.
Many different techniques have been employed to study the effects of
antimicrobial  agents on bacterial adherence, biofilm formation, and
cell-cell communication. Methods  can be divided broadly into two groups,
static and dynamic. The adherence assay described  herein is a static model
using polystyrene as the substratum. (A dynamic approach uses  laminar flow
of a bacterial suspension through a perfusion chamber with channels
containing engineered materials.) In this static model, scanning electron
micrographs of the  reference strain RP62A displayed multicell
macrocolonies with pillar-like structures  separated by water-filled
spaces. See Figs. 7A-D. These findings are indicative of a biofilm
presence. Static models allow rapid testing of several clinical isolates
against a panel of  antimicrobial agents. In this model, linezolid was
shown to be surprisingly effective in preventing  staphylococcal adherence
and colonization at subtherapeutic levels (i.e., concentrations of  less
than the minimum inhibitory concentration (MIC)). The Examples below
illustrate that  linezolid, at concentrations less than the MIC, and as low
as one-fourth the MIC, exerts WO 03/061715 PCT/US03/01710  -17 significant
inhibitory effects on cell adhesion in all strains evaluated. In contrast,
subtherapeutic levels of vancomycin did not inhibit staphylococcal
adherence in four of the  five strains assessed. In contrast to the
effectiveness of linezolid, other investigators also have shown that  



subinhibitory concentrations of vancomycin have minimal or no activity
against bacterial  adherence. (See Carsenti-Etesse, et al., Antimicrob.
Agents Chemother. 37(4): 921-923  (1993); Rupp, et al., J. Antimicrob.
Chemother. 41:155-161 (1998); Schadow, et al., J.  Infect. Dis. 157(1):
71-77 (1988); Wilcox et al., J. Antimicrob. Chemother. 27:577-587  (1991).)
In another aspect, oxazolidinones, such as linezolid, unexpectedly exhibit
long-term  efficacy at inhibiting adhesion of coagulase-negative
staphylococci to polystyrene surfaces  at sub-MIC levels. The following
examples demonstrate illustrative embodiments of the invention:,  EXAMPLES
Example 1 Bacterial Isolates Staphylococci isolates were obtained from the
blood of patients with catheter-related  sepsis. Isolates were speciated
using the API STAPH identification system (bioMerieux,  Marcy-l'Etoile,
France) and were selected on the basis of their adherence properties. The
reference strains S. epiderinidis RP62A and S. hominis SP-2 were obtained
from the American Type Culture Collection (Manassas, Virginia). RP62A
produces polysaccharide  adhesins and demonstrates strong adherence to
surfaces of synthetic polymers. SP-2 is a  nonadherent strain and was used
as a negative control for the adherence assay. Working  stock cultures (1
ml aliquots) were frozen in trypticase soy broth (TSB) with 20% glycerol
and kept in the vapor phase of liquid nitrogen. Before each experiment, one
aliquot was  thawed and subcultured on blood agar plates at 37 C for 24
hours. Example 2  Antimicrobial Agents Linezolid (Pharmacia Corp.,
Kalamazoo, Michigan) and vancomycin (Sigma  Chemical Co., St. Louis,
Missouri) were used in this study. WO 03/061715 PCT/US03/01710  -18
Linezolid and vancomycin were dissolved in 20% dimethylsulfoxide / water,
sterilized by filtration through a 0.22 m membrane filter (PALL Gelman
Laboratory, Ann  Arbor, Michigan), and diluted in TSB to the appropriate
working concentrations. The final  



concentration of DMSO was less than 0.1% in all test wells. Example 3
Determination of Minimum Inhibitory Concentrations A minimum inhibitory
concentration (MIC) value for each clinical isolate was  determined by the
microdilution method (NCCLS 2000) using the conditions under which
adherence was measured. The MIC was defined as the lowest concentration of
linezolid or  vancomycin that inhibited >99.0% of bacterial growth when
compared to drug-free cultures  (growth controls). Growth inhibition was
assessed by optical density readings of culture  turbidity after 18 h of
incubation with drug. Since visual interpretation of MIC endpoints  maybe
subjective, the spectrophotometric measurements of culture turbidity
allowed  standardized assessment of MIC values across and within drug
treatments. The MIC value  was noted for each strain, as well as the values
for one-half (%2 MIC), and one-fourth ('/a  MIC) of the MIC. Antimicrobial
agents at concentrations equal to the MIC eliminate the  virulence of any
given organism because these concentrations inhibit or kill the offending
organism. Concentrations below the dose that prevents growth or kills the
organism must  be used to study the effects of antimicrobial agents on
virulence factors, such as cell  adherence. Example 4  Adherence Assay The
effects of linezolid and vancomycin on adherence of staphylococci to
polystyrene were measured by using an established microtiter-plate assay
first described by  Christensen et al. (Christensen, et al., J. Clin.
Microbiol. 22(6):996-1006 (1985).) Minor  modifications to the procedure
were made. Briefly, the inoculum was established by the  direct colony
suspension method using the PromptTM Inoculation System (Becton  Dickinson,
Sparks, Maryland). The bacteria suspension, which was equal to the
turbidity of  a 0.5 McFarland standard, was diluted in TSB to a
concentration of 1 x 106 colony forming  units per ml (CFU/mL). One hundred
microliters of the cell suspension was added to flat WO 03/061715
PCT/US03/01710  -19 bottom polystyrene wells (Coming Costar, Coming, NY)
containing 100 l of TSB, with  and without drug. The final inoculum
concentration per well was approximately 5 x 105  



CFU/mL. The plates were incubated at 37 C under static conditions in air.
At 18 hours (h)  post-infection, the optical density of bacterial growth
was measured at a wavelength of 595  urn in a microtiter plate reader
(Vmax; Molecular Devices, Sunnyvale, CA). For  quantitative assessment of
adherent bacteria, the medium was aspirated carefully and each  well was
washed three times with phosphate-buffered saline to remove free-floating
"planktonic" cells. Adherent "sessile" cells then were fixed with 3.7%
(v/v) formaldehyde /  2% (w/v) sodium acetate and stained with 0.1 % (w/v)
crystal violet. Excess stain was  rinsed off with deionized water and the
plates were air-dried for 4 h. The optical density of  bacterial adherence
was determined at a wavelength of 550 run. Preliminary studies were
performed to determine the optimal wavelengths for measuring growth
turbidity and stained  adherent cells (data not shown). To compensate for
background absorbance, optical density  readings from wells treated with
sterile medium, fixative and stain as described above were  averaged and
then subtracted from all test and control wells. Relative inhibition of
adherence or growth was expressed by the following equation: (OD of control
well - OD of  treated well / OD of control well) x 100, where OD is the
mean optical density of six  replicate wells from two separate experiments
(three replicates per experiment). Control  was defined as infected,
drug-free cultures. Example 5  Statistical Methods The primary efficacy
variable in this study was the measurement of adherent  bacterial cells to
polystyrene after 18 h of growth. To determine whether statistically
significant differences existed between treatment groups (MIC, %2 MIC, and
1/4 MIC)  compared with the infected-nontreated controls, the
Kruskal-Wallis one-way analysis of  variance (ANOVA) was applied for each
clinical strain. Statistical significance was defined  as p-values S 0.05.
An asterisk (*) was placed by all test values less than or equal to the
specified significance level. WO 03/061715 PCT/US03/01710  -20 Example 6
Scanning Electron Microscopy A semiquantitative assessment of adherent
organisms to the surface of polystyrene  



was ascertained by scanning electron microscopy (SEM). Bacterial cultures
of S. aureus  UC-20205 and S. epiderntidis RP62A were set up in Lab-Tek(r)
chamber slides (Nalge Nunc  International, Naperville, Illinois) under the
same conditions used in the adherence assay.  The medium was aspirated and
each chamber was washed three times with phosphate- buffered saline to
remove planktonic cells. Sessile cells that adhered to the polymer surface
as well as to each other were fixed for two hours in 3% glutaraldehyde in
0.1 M phosphate  buffer (pH 7.3). Osmium tetroxide solution (1%) was used
as a second fixative. Specimens  were dehydrated in a series of aqueous
ethanol solutions (30% - 100%) followed by critical  point drying with
hexamethydisilazane. The slides were allowed to dry overnight and then
were coated with gold by using a Polaron E5200 SEM autocoating unit
(Polaron  Instruments). Microcolonies were examined by using an ISI DS 130
scanning electron  microscope. Example 7 Minimum Inhibitory Concentration
(MIC) Values MIC data for the six clinical isolates are summarized in Table
1, below: WO 03/061715 PCT/US03/01710  -21- Table 1 In Vitro Activity of
Linezolid and Vancomycin Against Staphylococcal Isolates Recovered  from
Patients with Intravascular Catheter-associated Sepsis Species Strain MICA'
(gg/ml)  Linezolid Vancomycin  S. aureus UC-20205 2 1 UC-20206 4 1  S.
epidermidis UC-20207 2 2  UC-20208 2 2 RP62A 2 2  S. hominis SP-2 2 1
tminimum inhibitory concentration Both linezolid and vancomycin
demonstrated potent activity against all the  organisms tested. MIC values
were similar between the two antibacterial agents, with the  



exception of one strain (S. aureus UC-20206) that showed a slightly higher
value for  linezolid (4 g/ml) compared to vancomycin (1 gg/ml). Example 8
Effects of Subinhibitory Concentrations on Adherence  Experimental results
for the effects of subinhibitory concentrations of  linezolid on the
adherence of S. aureus and S. epidermidis strains are presented in Table 2
below: WO 03/061715 PCT/US03/01710  -22- Table 2 Inhibitory Effects of
Therapeutic and Subtherapeutic Treatments with Linezolid on Bacterial
Adherence of Clinical Isolates That Have the Potential to Colonize  Abiotic
Surfaces Species Strain Drug Adherence  g/ml Mean 0D554 % Inhibition  S.
aureus UC-20205 2.Ot 0.001  0.001 * 99.7 1.0 0.005 f 0.007* 99.0  0.5
0.013f0.007* 97.6  control 0.531  0.107  UC-20206 4.Ot 0.003  0.003* 98.5
2.0 0.002 10.002* 99.3  1.0 0.001  0.002* 99.4 control 0.224  0.027 - S.
epidermidis UC-20207 2.Ot 0.0 10  0.005* 99.5  1.0 0.007  0.002* 99.7  0.5
0.513  0.227* 76.9 control 2.220 f 0.3 10 - UC-20208 2.Ot 0.000  0.001 *
100.0  1.0 0.001  0.002* 99.9  0.5 1.342  0.791 26.7 control 1.831  0.208 -



RP62A 2.Ot 0.001  0.001 * 100.0  1.0 0.002  0.002* 99.9  0.5 0.125  0.133*
95.5 control - 2.805  0.294  *Significantly different from
infected-nontreated control cultures (P:5 0.05)  tMinimum inhibitory
concentration $Values are mean optical density readings of six replicate
wells from two separate experiments  (three replicates per experiment)
standard deviation Experimental results for the effects of subinhibitory
concentrations of vancomycin  on the adherence of S. aureus and S.
epidermidis strains are presented in Table 3 below: WO 03/061715
PCT/US03/01710  -23- Table 3 Inhibitory Effects of Therapeutic and
Subtherapeutic Treatments with  Vancomycin on Bacterial Adherence of
Clinical Isolates That Have the Potential to Colonize Abiotic Surfaces
Species Strain Drug Adherence  g/ml Mean OD554 % Inhibition S. aureus
UC-20205 1.01' 0.000  0.001 * 100.0  0.5 0.0120.013* 98.0  0.25 0.730
0.202 0.0 control 0.584  0.098 - UC-20206 1.01' 0.000  0.003 * 99.9  0.5
0.267  0.044 0.0  0.25 0.192  0.020 12.5 control 0.219  0.026 - S.
epidermidis UC-20207 2.Ot 0.001  0.002* 100.0  1.0 2.799  0.120 0.0  0.5
2.177  0.424 0.0 control 2.129  0.406 - 



UC-20208 2.01 0.000  0.001 * 100.0  1.0 2.716  0.400 0.0  0.5 2.165  0.150
0.0 control 1.844  0.138 - RP62A 2.Ot 0.000  0.002* 100.0  1.0 1.728 0.952
36.6  0.5 2.8160.377 0.0 control 2.727  0.257 - *Significantly different
from infected-nontreated control cultures (P <_ 0.05) f Minimum inhibitory
concentration Values are mean optical density readings of six replicate
wells from two separate experiments (three  replicates per experiment)
standard deviation The experimental results presented in Tables 2 and 3
above, showing the effects of  subinhibitory concentrations of linezolid
and vancomycin on the adherence of S. aureus and  S. epidermidis strains,
are summarized and presented graphically in Figs. 1 through 5.
Specifically, Figs. 1-5 are graphs illustrating the effects of
subinhibitory concentrations of  linezolid and vancomycin on the adherence
of the following strains of S. aureus and S. WO 03/061715 PCT/US03/01710
-24 epidermidis to polystyrene: (Fig. 1) S. aureus UC-20205; (Fig. 2) S.
aureus UC-20206; (Fig  3) S. epidermidis UC-20207; (Fig. 4) S. epidermidis
UC-20208; and (Fig. 5) S. epidermidis  RP62A. As shown in Table 2 and Figs.
1-5, linezolid was highly effective in suppressing  bacterial adherence to
polystyrene surfaces at one-half the MIC. The percent inhibition of
adherence relative to control was greater than or equal to 99.0% in all
strains evaluated.  Adherence optical density readings from linezolid
treated cultures were significantly (p _<  0.05) decreased when compared to
infected-nontreated cultures. Linezolid was also  effective in preventing
adherence at one-fourth the MIC in all but one strain (S. epidermidis
UC-20208). A statistical difference in optical density readings for treated
versus nontreated  cultures was also noted in 4 of the 5 strains assessed.
In contrast, as shown in Table 3 and  Figs. 1-5, subinhibitory
concentrations of vancomycin showed minimal or no activity  



against bacterial adhesion, with the exception of one strain (S. aureus
UC-20205) that was  exposed to one-half the MIC. Reliability of the
microtiter-plate adherence assay was assessed with the reference  strains
S. hominis SP2 (nonadherent) and S. epidernzidis RP62A (strongly adherent).
The  median optical density readings for SP2 and RP62A were 0.059  0.004
and 2.789  0.266,  respectively. Values ranged from 0.055 to 0.067 for SP2
and from 2.466 to 3.234 for  RP62A. The data reported herein represent 12
replicate wells per strain. These results were  similar to those documented
in published reports (see Deighton, et al., J. Clin. Microbiol.  28(11):
2442-2447 (1990)), and indicate that the microtiter-plate assay for
determining  adherence is reliable and reproducible. Neither linezolid nor
vancomycin promoted  adherence of the nonadherent strain, SP2 (data not
shown). Scanning electron micrographs of S. aureus UC-20205 and S.
epidermidis RP62A  exposed to linezolid and vancomycin at one-fourth the
MIC are illustrated in Figures 6 and  7. Specifically, Figs. 6A-D are
scanning electron micrographs showing microcolonies of S.  aureus UC-20205
adherent to a polystyrene surface: (A) noninfected control; (B) infected-
nontreated control; (C) infected culture treated with linezolid at
one-fourth the MIC; and  (D) infected culture treated with vancomycin at
one-fourth the MIC. Figs. 7A-D are  scanning electron micrographs showing
microcolonies of S. epidermidis RP62A adherent to  a polystyrene surface:
(A) noninfected control; (B) infected-nontreated control; (C) infected
culture treated with linezolid at one-fourth the MIC; and (D) infected
culture treated with WO 03/061715 PCT/US03/01710  -25 vancomycin at
one-fourth the MIC. In infected-nontreated cultures, adhesin proteins were
observed on the cell surface of strain UC-20205, whereas RP62A displayed
multiple layers  of sessile cells that adhered to the polymer surface as
well as to each other. Cell  aggregation in multicell layers, "sessile
communities," is indicative of biofilm formation.  Unfortunately, the
fixatives and dehydrating agents used to process the specimens dissolved
this extracellular matrix, leaving a scaffolding appearance. These
micrographs of cultures  that were treated prophylactically with
subinhibitory concentrations of linezolid or  vancomycin support the
findings from the microtiter-plate assay. The number of adherent  bacteria
that were observed on the polystyrene surface were substantially reduced in



linezolid treated cultures when compared to nontreated cultures. Only a few
isolated  microcolonies were seen. No effects on bacterial adherence were
noted in the vancomycin  treated cultures for both staphylococci strains
examined. Example 9 Inhibitory Effects of Linezolid on Staphylococcal
Adherence Versus Time of Treatment  Anti-adhesion effects of linezolid and
vancomycin on three S. epidermidis isolates  (UC-20207, UC-20208, and
RP62A) recovered from patients with catheter-related  bloodstream
infections were studied. As illustrated in Table 4 below, bacterial
suspensions (5 x 105 CFU/mL) were added  to polystyrene wells and treated
with one-half to four times the MIC of linezolid or  vancomycin at 0, 2, 4,
or 6 hours post-inoculation. Drug effects on bacterial adherence  were
measured 18 hours after treatment initiation using a quantitative
spectrophotometric  assay. Table 4 Time Course Adherence Assay Treatment
Time between inoculation and Time between treatment with Time between
inoculation  Group treatment with linezolid or linezolid or vancomycin and
and spectrophotometric  vancomycin spectrophotometric assay assay (hours)
(hours) (hours)  1 0 18 18  2 2 18 20  3 4 18 22  4 6 18 24 WO 03/061715
PCT/US03/01710  -26 Relative inhibition of adherence was expressed by the
following equation: (OD of control  well - OD of treated well / OD of
control well) x 100, where OD is the mean optical density  of six replicate
wells from two separate experiments (three replicates per experiment).
Control was defined as infected, drug-free cultures. The primary efficacy
variable in this study was the measurement of adherent  bacteria to
polystyrene surfaces after 18 hours to 24 hours of growth. To determine
whether  



statistically significant differences existed between treatments (4x MIC,
2x MIC, MIC, and  %2 MIC) compared with the infected-nontreated controls,
multiple comparisons according to  Dunnett's test (Montgomery, Design and
Analysis of Experiments (1991)) were applied for  each clinical strain.
Differences were considered statistically significant when p < 0.05.
Experimental results for inhibitory effects of therapeutic (> MIC) and
subtherapeutic (one-half MIC) treatments of linezolid on S. epidermidis
strains for various  time intervals prior to treatment, are presented in
Table 5 below. Values having a  statistically significant difference,
compared to control, are indicated by an asterisk (*). WO 03/061715
PCT/US03/01710  27 ~o d o o  o o v v~ a r- d. o 00 o o rn rn \ i y iF ik M
* '~ b O M d\ iF +F iF it M O Oi _ VMl 0O 00 .2 w'  Vl ,O 000 U i-~ A K N n
o 0 0 0 0 0 0 0 0 0 0 0 C. 0 0 0   H -H -H -H F-H -H I q 00 00 r 00 N N b C
C-4 m -,r rn W, ON "'t 00 00 r- tOr V~1, O M O O O N N  N N N O O O O O co
00 D, ~ O O O O O 0 aj U  O; 00 O C, O O O; Q; O CC C, 00 10 O O O N O O N
0  ~ Y" v A  o Q O    n** N o Ci E s o 



on cV _   o o o n o 0 0 0) 3  r~ A O O V N O O O O O 0 O yU" ti ai Q O O O
O  O O O  O O O O O p .~.,  bA H -H -H -H -H -H -H -H -H -H -H L CO N G M O
O O - - O N M O 00 ,Fy, Q N N in O O O C O1 O 0 O O U  O O M O O O 00 O O O
O N C 0 0 0 N 0 0 0 0 0 0 0^ o  C A  N t1. c O  E ,, ,O N 00 n N N 00 00 0o
a o o 0 ea O; C, O; S O, O, C, C, 0; O; c; Cl rn rn rn rn a a O rn rn O, C,
as 3  a  00 .~ O Q  o 0 o V N o 0 O o o 0 0 o w  C~ U A O O O O N O O O O O
O p O N v O  0  S E O O C. O O O O O p O O O N H H H -H -H -H li H1 -H -H
it Hi H w A  ON r v v O ch V' M m m m o n y O  v] y O O O ,O N O O O O O 0
0 0 !w O O O O N O O O O O O 0 0 ~..,  C~ '~ ~G O O O O O O O O O O O '" U
O  ~' U U 00 ,O O ,n 4 m a, C\ Os C, 0O C? C q,  '. O; O; os ,G ' O O; O;
O; C; O; O; 0 U o O, O, O, Os 0 O, O, O, O, O, O, 



~N w  'I O - - - N N O ~ C  N -,t ~n W ~_ Z N N N N N m C O O O O 0 O 0 y N
U  O O O V O N O U i--1  S,y O Q O O O O N C. CD O O O N O O O O N C C N O
O O O (r) O O O O p O O 0 O 0 b N  O r~., H H it H H H H H +I -H -H -H .^~y
vJ R N o, d' 7 ^ O N ^ - ^ N N V' O U '-' "C O  '; O ~' t-ui O O O O M O O
O O . O 0 O O N w P ~y  O G o o O o O O o o O o O O N C j+ O D N V  ti _ U
,O U  . O O O N .N E O O O ,~ O O o O O O p O .~ y O O C O O  DD d' U 00 V
cy ^ O S,=; U N >, m HUH _ N o 'L O O N LC N w v~ a 0.7 v] H uJ G..  * -t-
+h -H WO 03/061715 PCT/US03/01710  -28 Experimental results for inhibitory
effects of therapeutic (> MIC) and subtherapeutic  (one-half MIC)
treatments of vancomycin on S. epidernaidis strains for various time
intervals prior to treatment, are presented in Table 6 below. Values having
a statistically  significant difference, compared to control, are indicated
by an asterisk (*). WO 03/061715 PCT/US03/01710  29 pop O q fO ' CS O O Q '
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-30 Therapeutic levels (>_ MIC) of linezolid demonstrated potent
anti-adhesion activity  following 2- and 4-hour deferred treatments. See
Table 5, Figs. 8 and 9. The percent  inhibition of adherence relative to
controls ranged from 87.8% to 100%. Even at  subtherapeutic concentrations
(one-half MIC), suppression of staphylococcal adherence was  still evident
in most cultures; mean inhibitory effects were 99.1%  1.4 (2 h) and 63.5%
39.2 (4 h). See Fig. 10. Linezolid at 4x MIC also exerted significant
inhibitory effects  (87.5%  11.7) in cultures that had been treated with a
6-hour delay. Therapeutic levels of  vancomycin administered 2 hours
post-infection were equally effective. However,  subtherapeutic
concentrations showed minimal or no activity against cell adhesion. See
Table 6, Figs. 8, 9, and 11. When vancomycin treatments were delayed by 4
to 6 hours,  only the highest concentrations (> MIC) demonstrated
anti-adhesion activity. The results demonstrate that oxazolidinones such as
linezolid have important  implications for antimicrobial prophylaxis in
patients with implanted medical devices. The foregoing detailed description
is given for clearness of understanding only, and  no unnecessary
limitations should be understood therefrom, as modifications within the
scope of the invention may become apparent to those skilled in the art. WO
03/061715 PCT/US03/01710  -31- WE CLAIM: 1. A method of preparing an
infection-resistant medical device for use within a  human or animal body
comprising the following steps: (a) providing a medical device; and (b)
incorporating an effective amount of an antimicrobial agent  comprising an
oxazolidinone compound into the medical device. 2. The method of claim 1
wherein the oxazolidinone compound is linezolid, or  a pharmaceutically
acceptable salt thereof. 3. The method of claim 1 wherein step (b)
comprises immersing the medical  device in an aqueous solution containing
the antimicrobial agent. 4. The method of claim 1 wherein the medical
device comprises a polymeric  material that is co-extruded with the
antibacterial agent. 



5. The method of claim 1, further comprising a step (c) of heating the
medical  device obtained in step (b) to a temperature of about 100 C to
about 121 C. 6. The method of claim 1 wherein the medical device is a
suture, orthopedic  appliance, stent, catheter, guidewire, shunt,
prosthesis, cardiac pacemaker, neuronal  stimulator, or vascular graft. 7.
A method of inhibiting bacterial adherence to a medical device comprising
the following steps: (a) providing an antimicrobial agent comprising
linezolid, or a  pharmaceutically acceptable salt thereof; and (b)
incorporating an effective amount of the antibacterial agent into the
medical device. 8. The method of claim 7 wherein step (b) comprises
immersing the medical  device in an aqueous solution containing the
antimicrobial agent. WO 03/061715 PCT/US03/01710  -32 9. The method of
claim 7, further comprising a step (c) of heating the medical  device
obtained in step (b) to a temperature of about 100 C to about 121 T. 10.
The method of claim 7 wherein the medical device is a suture, orthopedic
appliance, stent, catheter, guidewire, shunt, prosthesis, cardiac
pacemaker, neuronal  stimulator, or vascular graft. 11. A method of
inhibiting bacterial adherence to an implanted medical device  comprising
the following steps: (a) implanting a medical device in a human or animal
body; and (b) applying an effective amount of an antibacterial agent
comprising an  oxazolidinone, or a pharmaceutically acceptable salt
thereof, to the implanted medical  device. 12. The method of claim 11,
wherein the oxazolidinone is linezolid. 13. The method of claim 11, wherein
the medical device is a suture, orthopedic  appliance, stent, catheter,
guidewire, shunt, prosthesis, cardiac pacemaker, neuronal  stimulator, or
vascular graft. 14. A method of inhibiting bacterial adherence to an
implanted medical device  



comprising the steps of: (a) administering a pharmaceutical composition
comprising an  oxazolidinone, or a pharmaceutically acceptable salt
thereof, to a patient in need of an  implanted medical device; and (b)
implanting a medical device in the patient. 15. The method of claim 14
wherein the oxazolidinone is linezolid. 16. The method of claim 14 further
comprising maintaining the concentration of  the oxazolidinone adjacent the
implanted medical device at about one-half MIC or greater. WO 03/061715
PCT/US03/01710  -33 17. The method of claim 14 further comprising
maintaining the concentration of  the oxazolidinone adjacent the implanted
medical device at about one-fourth MIC or  greater. 18. The method of claim
14 wherein the oxazolidinone inhibits bacterial  adhesion at sub-MIC levels
19. The method of claim 14 wherein the oxazolidinone has a concentration of
about equal to or less than a MIC level, and the oxazolidinone inhibits
bacterial adhesion for  a time period of at least about 2 hours. 20. The
method of claim 19 wherein the oxazolidinone inhibits bacterial  adhesion
for a time period of at least about 4 hours. 21. The method of claim 14
wherein the pharmaceutical composition is  administered orally. 22. The
method of claim 14 wherein the pharmaceutical composition is  administered
intravenously. 23. The method of claim 15 wherein the medical device is a
suture, orthopedic  appliance, stent, catheter, guidewire, shunt,
prosthesis, cardiac pacemaker, neuronal  stimulator, or vascular graft. 24.
An medical device resistant to microbial adherence for use within a human
or animal body comprising an effective amount of linezolid, or a
pharmaceutically  acceptable salt thereof. 25. The medical device of claim
24 wherein the effective amount results in a  



concentration of the linezolid, or pharmaceutically acceptable salt
thereof, in the human or WO 03/061715 PCT/US03/01710  -34 animal body,
adjacent to the medical device, that is less than the minimum inhibitory
concentration of the linezolid, or pharmaceutically acceptable salt
thereof. 26. The medical device of claim 24 which is a suture, orthopedic
appliance,  stent, catheter, guidewire, shunt, prosthesis, cardiac
pacemaker, neuronal stimulator, or  vascular graft. 


