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METHODS AND COMPOSITIONS FOR 
INHIBITING STAPHYLOCOCCUS 

AGGLUTINATION IN BLOOD 

[0001] This application claims the benefit of U.S. Provi­
sional Patent Application Nos. 61/508,430, filed on Jul. 15, 
2011, and 61/530,869, filed on Sep. 2, 2011, each of which is 
incorporated herein by reference in its entirety. 
[0002] This invention was made with govermnent support 
under AI52474, AI92711, and AI52767 awarded by the 
National Institute of Allergy and Infectious Diseases and 
under AI057153 awarded by the National Institutes of Health. 
The government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] A. Field of the Invention 
[0004] Embodiments of this invention are directed gener­
ally to microbiology and medicine. In certain aspects the 
invention is directed to prevention and/or treatment of Sta­
phylococcus infection. 
[0005] B. Background 
[0006] The Gram-positive bacterium Staphylococcus 
aureus is the causative agent of human skin and soft tissue 
infections, invasive disease and bacteremia (Lowy, 1998). 
Staphylococcal bacteremia leads to endocarditis and sepsis, 
diseases that, even under antibiotic therapy, are associated 
with very high mortality (Klevens et al., 2007). Community­
and hospital-acquired infections are frequently caused by 
antibiotic (methicillin)-resistant S. aureus (MRSA), resulting 
in poor disease outcomes following the failure of antibiotic 
therapy (Fowler et al., 2005). 
[0007] S. aureus is a unique disease pathogen owing to its 
multiple interactions with fibrinogen (Cheng et al., 2011 ), a 
highly abundant host protein responsible for the formation of 
fibrin clots following cleavage by thrombin (Doolittle, 2003 ). 
S. aureus secretes coagulases, polypeptides that activate pro­
thrombin to cleave the Aa and B~ chains of fibrinogen, 
thereby generating fibrin clots (Friedrich et al., 2003). This 
reaction, analyzed as the coagulation of calcium-chelated 
plasma following incubation with bacteria (Cheng et al., 
2010), is used in clinical laboratories to distinguish S. aureus 
isolates from non-pathogenic microbes (coagulase test) 
(Loeb, 1903). Another diagnostic tool, the slide agglutination 
test, monitors the agglutination of S. aureus immersed in 
calcium-chelated plasma (Kolle and Otto, 1902). The bio­
chemical attributes and physiological relevance of staphylo­
coccal agglutination are not yet known. Moreover, a preven­
tive or treatment strategy that can reduce the burden and 
improve the outcomes of S. aureus sepsis is urgently needed. 

SUMMARY OF THE INVENTION 

[0008] Staphylococcus aureus remains a leading cause of 
infectious disease morbidity and mortality. Accordingly, 
compositions and methods are provided to prevent and/or 
treat Staphylococcus bacteria infection in a subject. 
[0009] In some embodiments there are methods for treating 
or preventing a Staphylococcus bacteria infection in a subject 
comprising administering to the subject effective amounts a 
ClfA inhibitor and a thrombin inhibitor so as to attempt to 
treat or prevent infection by the Staphylococcus bacteria. In 
some embodiments, methods involving both a ClfA inhibitor 
and a thrombin inhibitor that are administered within 24 
hours of each other are referred to as a "combination inhibitor 
therapy." 
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[0010] In additional embodiments, there are methods for 
treating or preventing infection by a Staphylococcus aureus 
bacteria comprising administering to the subject effective 
amounts a ClfA inhibitor and a thrombin inhibitor. 

[0011] In further embodiments, there are methods for 
inhibiting Staphylococcus agglutination in a subject compris­
ing administering to the subject effective amounts a ClfA 
inhibitor and a thrombin inhibitor. 

[0012] In particular embodiments, there are methods for 
treating or preventing a Staphylococcus aureus infection in a 
human patient comprising administered to the patient effec­
tive amounts of a ClfA inhibitor and a thrombin inhibitor, 
wherein the ClfA inhibitor is a chimeric or humanized anti­
body or an antibody fragment. 

[0013] In other embodiments, there are compositions com­
prising a ClfA inhibitor and a thrombin inhibitor. 

[0014] In certain embodiments, the subject is any organism 
that Staphylococcus infects and that leads to an illness, a 
condition, a disease, and has a detrimental health conse­
quence, such as necrosis, cellular damage, tissue damage, or 
even death. In some embodiments, the subject is a mammal. 
In further embodiments, the mammal is a cow, sheep, pig, 
dog, cat, goat, mouse, rat, rabbit, horse, or monkey. In specific 
embodiments, the subject is a human. 

[0015] In certain embodiments the subject has been 
exposed to Staphylococcus bacteria or is at risk for exposure 
to Staphylococcus bacteria. In other embodiments, the sub­
ject is suspected of having been infected with or has been 
determined to be infected with a Staphylococcus bacteria. In 
certain embodiments, the bacteria is Staphylococcus aureus. 
In a further aspect the Staphylococcus aureus infection is a 
drug resistant Staphylococcus aureus infection. In even fur­
ther embodiments, the Staphylococcus bacteria is methicil­
lin-resistant, including Staphylococcus aureus methycillin­
resistant (MRSA) bacteria. 

[0016] In certain aspects the patient is determined to have a 
Staphylococcal infection. The methods can further comprise 
identifying the patient as having a Staphylococcal infection. 
In a further aspect the method can further comprise selecting 
the patient after the patient is diagnosed with a Staphylococ­
cal infection. The method can also further comprise the step 
of testing the patient for a Staphylococcal infection or having 
the patient tested for Staphylococcal infection. The method 
can include obtaining from the patient a biological sample for 
testing whether the patient has a Staphylococcal infection. In 
a further aspect the patient has a Staphylococcus infection, 
which includes but is not limited to pneumonia, sepsis, cor­
neal infection, skin infection, infection of the central nervous 
system, or toxic shock syndrome. 

[0017] Certain embodiments are directed to methods where 
the patient is immune deficient, is immunocompromised, is 
hospitalized, is undergoing an invasive medical procedure, is 
infected with influenza virus and/or is on a respirator. In 
specific embodiments, the invasive medical procedure 
involves surgery. In some methods, a patient will undergo 
surgery within 1, 2, 3, 4, 5, 6, or 7 days of administering or 
being administered a ClfA inhibitor and/or a thrombin inhibi­
tor. In specific aspects, a patient will be placed on a respirator 
within 1, 2, 3, 4, 5, 6, or 7 days of administering or being 
administered a ClfA inhibitor and/or a thrombin inhibitor. 

[0018] In certain aspects the methods can further comprise 
the step of monitoring the patient for a Staphylococcal infec­
tion within a week of administering an inhibitor. 
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[0019] In certain embodiments, the subject is administered 
the ClfA inhibitor and/or a thrombin inhibitor upon being 
determined to have a Staphylococcus bacterial infection. In 
certain embodiments, the subject is administered the ClfA 
inhibitor and/or a thrombin inhibitor within 5, 10, 15, 20, 25, 
30, 35, 40, 45, 50, 55 minutes, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 hours, and/or 
1, 2, 3, 4, 5, 6, or 7 days of being determined to have a 
Staphylococcus bacterial infection. In some embodiments, a 
subject is administered the ClfA inhibitor and/or a thrombin 
inhibitor within 12 hours, 24 hours, or 48 hours of being 
determined to be infected with Staphylococcus bacteria. 
[0020] The term "effective amounts" means that the 
amounts of each of the ClfA inhibitor and a thrombin inhibi­
tor that have been effective for treating or preventing infection 
by a Staphylococcus bacteria when both a ClfA inhibitor and 
at least one thrombin inhibitor or both a ClfA inhibitor and a 
combination of thrombin inhibitors are administered to a 
subject. In particular embodiments, the subject is given at 
least or at most 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20 or more doses of the ClfA inhibitor. In 
certain embodiments, the subject is given at least or at most 1, 
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 
or more doses of the thrombin inhibitor(s). 
[0021] A thrombin inhibitor refers to a compound or sub­
stance that inhibits thrombin activity, such as its serine pro­
tease activity. In certain embodiments, the thrombin inhibitor 
is a direct thrombin inhibitor, which means it binds directly to 
thrombin. In further embodiments, the thrombin inhibitor is a 
univalent direct thrombin inhibitor, which means it only binds 
to the active site of thrombin. In some embodiments, the 
univalent direct thrombin inhibitor is argatroban, dabigatran, 
melagatran (or its prodrug, ximelagatran), inogatran, efegat­
ran, hirudin, bivalirudin, odiparcil or efegatran-sulfate. In 
specific embodiments, the thrombin inhibitor is dabigatran 
( also known as dabigatran extexilate ). In other embodiments, 
the thrombin inhibitor is argatroban, while in even further 
embodiments, the thrombin inhibitor is melagatran ( or its 
prodrug, ximelagatran). In specific embodiments, it is mela­
gatran. 
[0022] In further embodiments, more than one different 
thrombin inhibitor is administered to the subject. In specific 
embodiments, at least two thrombin inhibitors are adminis­
tered to the subject. In some embodiments, two different 
thrombin inhibitors are administered. In other embodiments, 
at least three different thrombin inhibitors are administered to 
the subject. When more than one thrombin inhibitor is 
employed, the thrombin inhibitor may be any of the inhibitors 
discussed herein, but is not limited to these inhibitors. It is 
contemplated that when more than one different thrombin 
inhibitor is administered, they may be administered to the 
subject separately, which means they may be administered at 
different times and/or in different solutions. In certain 
embodiments, two or more thrombin inhibitors may be 
administered together to the subject. It is also contemplated 
that when multiple thrombin inhibitors are administered that 
some may be administered together but another or others may 
be administered separately. It is also contemplated that one or 
more <losings may involve the administration of two or more 
thrombin inhibitors together but that other do sings may not. 
[0023] It is contemplated that a thrombin inhibitor may be 
administered at one time and then the same or a different 
thrombin inhibitor is administered within 30 minutes to the 
subject. In other embodiments, it is contemplated that a 
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thrombin inhibitor may be administered at one time and then 
the same or a different thrombin inhibitor is administered 5, 
10, 15, 20, 25, 30, 35, 40, 45, 50, 55 minutes, 1, 2, 3, 4, 5, 6, 
7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,21,22,23,24 
hours, and/or 1, 2, 3, 4, 5, 6, or 7 days within each other, and 
any duration of time derivable therein. It is also contemplated 
that one thrombin inhibitor may be administered to a subject 
one or more times and that subsequently at least one different 
thrombin inhibitor is administered one or more times. In 
certain embodiments, different thrombin inhibitors may be 
administered one or more times to the subject. 

[0024] A ClfA inhibitor is a compound or agent that inhib­
its or reduces ClfA activity, such as binding to fibrinogen or 
fibrin or more generally involvement or promotion of Staphy­
lococcus agglutination. In certain embodiments, the ClfA 
inhibitor is a small molecule, protein, or nucleic acid. In 
specific embodiments, the ClfA inhibitor is a protein, which 
refers to a polypeptide or a peptide. In certain embodiments, 
the ClfA inhibitor is an isolated antibody or antibody frag­
ment that specifically binds ClfA. In some embodiments, the 
antibody is chimeric, humanized, scFv, or bi-specific. In par­
ticular embodiments, the antibody is chimeric or humanized. 
It is specifically contemplated that any embodiment dis­
cussed in the context of a "ClfA inhibitor" may be imple­
mented specifically with a ClfA inhibitor that is an antibody 
or an antibody fragment. In certain methods or compositions, 
the ClfA inhibitor blocks the interaction of ClfA with fibrin. 
In additional methods and compositions, the ClfA inhibitor 
blocks the interaction ofClfA with fibrinogen. In some meth­
ods and compositions, the ClfA inhibitor blocks the interac­
tion of ClfA with both fibrinogen and fibrin. 

[0025] Thus, in some aspects, a ClfA inhibitor is an anti­
body or a fragment thereof that binds to ClfA and reduces 
ClfA binding to fibrinogen or fibrin or reduces ClfA-medi­
ated agglutination. For example, the ClfA-binding antibody 
can be a monoclonal antibody or a recombinant antibody that 
comprises the heavy and light chain variable domain CDRs 
from a ClfA-binding monoclonal antibody. Examples of 
ClfA-binding antibodies that can be used in accordance with 
the embodiments include, without limitation, the antibodies 
(or antibody CDR domains) provided detailed in Hall et al., 
2003, U.S. Pat. Nos. 6,979,446; 6,692,739; 6,692,739; 7,045, 
131; 7,364,738 and U.S. Pat. Publn. No. US20060222651, 
each of which is incorporated herein by reference in its 
entirety. 

[0026] Aspects of the embodiments are directed to mono­
clonal antibody polypeptides, polypeptides having one or 
more segments thereof, and polynucleotides encoding the 
same. Thus, in certain aspects, a polypeptide can comprise all 
or part of the heavy chain variable region and/or the light 
chain variable region ofClfA specific antibodies (e.g., anti­
bodies that bind to ClfA and inhibit Clfa-mediated aggluti­
nation). In a further aspect, a polypeptide can comprise an 
amino acid sequence that corresponds to a first, second, and/ 
or third complementary determining regions (CDRs) from 
the light variable chain and/or heavy variable chain of an 
antibody, e.g., a ClfA-binding antibody. 

[0027] In certain aspects, a polypeptide comprises all or 
part of an amino acid sequence corresponding to the MAb 
12-9, 13-2, 35-006 or 35-220 variable (VDJ) heavy chain 
amino acid sequence 12-9 (QVQLKESG­
PGLVAPSQSLSITCAISGFSLSRYSVH-
WVRQPPGKGLEWLGMIWGGGN TDYNSALKSRL 
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SISKDNSKSQVFLKMNSLQTDDTAMYY­
CARKGEFYYGYDGFVYW GQGTLVTVSA) (SEQ ID 
NO:9); 13-2 (QVHLKESGPGLVAPSQSLSITCTVSGF­
SLSRYNIHWVRQPPGKGLEWLGMIWGGEN TDYN­
SALKSRLSISKDNSKSQVFLKMNSLQTD­
DTAMYYCASAYYGNSWFAYWGQG TLVTVSA) (SEQ 
ID NO:10); 35-006 (QVQLKESGPGLVAPSQSLSITCTVS­
GFSLSRYSVHWVRQPPGKGLEWLGMIWGGGS 
TDYNSALKSRLNISKDNSKSQVFLK­
MNSLQTDDTAMYYCARRLWYFDVWGAGTTV TVSS) 
(SEQ ID NO:11); 35-220 (QVQLKESG­
PGLVAPSQSLSITCTVSGFSLSRYSVH­
WVRQPPGKGLEWLGMIWGGGN TDYNSALKSRLSIT­
KDNSKSQVFLKMNSLQTDDTAMYYCATAYYGNSWF 
AYWGQG TLVTVSA) (SEQ ID NO:12). CDRs are indi­
cated in bold underline. CDRs are regions within antibodies 
where the antibody complements an antigen's shape, and 
thus, determine the protein's affinity and specificity for spe­
cific antigens. From amino to carboxy terminus the CD Rs are 
CDRl, CDR2, and CDR3. In certain aspects, a polypeptide 
can comprise 1, 2, and/or 3 CDRs from the variable heavy 
chain of MAb 12-9, 13-2, 35-006, 35-220 or a combination 
thereof. 
[0028] In certain aspects, a polypeptide comprises all or 
part of an amino acid sequence corresponding to the MAb 
12-9, 13-2, 35-006 or 35-220 variable (VJ) light chain amino 
acid sequence 12-9 (NIMMTQSPSSLAVSAGEKVTM­
SCKSSQSVLYSSNQKNYLA WYQQKPGQSPK LLIY­
WASTRESGVPDRFTGSGSGTDFTLTISS­
VQAEDLAVYYCHQYLSSYTFGGGTKL EIK) (SEQ ID 
NO:13); 13-2 (NIMMTQSPSSLAVSAGEKVTM­
SCKSSQSVLYSSNQKNYLA WYQQKPGQSPK LLIY­
WASTRESGVPDRFTGSGSGTDFTLTINS­
VQAEDLAVYYCHQYLSSHTFGGGTK LEIK) (SEQ ID 
NO:14); 33-006 (NIMMTQSPSSLAVSAGEKVTM­
SCKSSQSVLYSSNQKNYLA WYQQKPGQSPKLLIY 
WASTRESGVPDRFTGSGSGTDFTLTISS­
VQAEDLAVYCCHQYLSSYTFGGGTELEIK) (SEQ ID 
NO:15); 35-220 (NIMMTQSPSSLAVSAGEKVTM­
SCRSSQSVLYSSNQKNYLA WYQQKPGQSPTLLIYW 
ASTRESGVPDRFTGSGSGTDFTLTISS­
VQAEDLAVYYCHQYLSSYTFGGGTKLEIK) (SEQ ID 
NO:16). CDRs are indicated in bold underline. From amino 
to carboxyterminus the CDRs are CDRl, CDR2, andCDR3. 
In certain aspects, a polypeptide can comprise 1, 2, and/or 3 
CDRs from the variable light chain of MAb 12-9, 13-2, 
35-006, 35-220 or a combination thereof. 
[0029] In some embodiments, the ClfA inhibitor and at 
least one thrombin inhibitor are administered to the subject in 
a composition together. In certain embodiments, a composi­
tion includes the ClfA inhibitor and thrombin inhibitors, and 
the composition is administered to the subject. In other 
embodiments, the ClfA inhibitor is administered to the sub­
ject prior to the administration of a thrombin inhibitor. In 
further embodiments, a thrombin inhibitor is administered to 
the subject prior to the administration of the ClfA inhibitor. 
[0030] Certain embodiments further comprise administer­
ing an additional anti-microbial agent or treatment. In certain 
aspects the additional anti-microbial agent or treatment is an 
antibiotic agent, an anti-infective agent, a passive vaccine, or 
an active vaccine. In specific embodiments, methods include 
administering an antibiotic to the subject. The additional anti­
microbial agent or treatment may have been given prior to 
administration of either a ClfA inhibitor or a thrombin inhibi­
tor. In other embodiments, the antimicrobial is given after or 
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at the same time as a ClfA inhibitor and/or a thrombin inhibi­
tor. In specific embodiments, an antibiotic is given before, 
after and/or at the same time as a ClfA inhibitor and/or a 
thrombin inhibitor. 

[0031] It is contemplated that a subject may be adminis­
tered a ClfA inhibitor, a thrombin inhibitor, or an antibiotic 
orally, parenterally, subcutaneously, intramuscularly, or 
intravenously (or a combination thereof). In some embodi­
ments, one or more of the compounds may be infused into a 
subject and/or administered as a bolus to the subject. In a 
further aspect, an inhibitor and/or antibiotic is administered 
orally, topically, intravascularly, intrathecally, intratrache­
ally, by inhalation, or by instillation. The inhibitor or antibi­
otic can be administered directly to various organs or tissues 
including, but not limited to the subject's skin, respiratory 
tract (including the lungs), kidneys, central nervous system, 
reproductive organs, vagina, or eyes. 

[0032] In certain embodiments, a subject is administered at 
least or at most about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15, 16,17, 18, 19,20,21,22,23,24,25,26,27,28,29,30,31, 
32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48, 
49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65, 
66,67,68,69, 70, 71, 72,73, 74, 75, 76, 77,78, 79,80,81,82, 
83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99, 
100,105,110, 115,120,125, 130,135,140,145,150,155, 
160,165,170, 175,180,185, 190,195,200,205,210,215, 
220,225,230,235,240,245,250,255,260,265,270,275, 
280,285,290,295,300,305,310,315,320,325,330,335, 
340,345,350,355,360,365,370,375,380,385,390,395, 
400,410,420,425,430,440,441,450,460,470,475,480, 
490,500,510,520,525,530,540,550,560,570,575,580, 
590,600,610,620,625,630,640,650,660,670,675,680, 
690,700,710,720,725,730,740,750,760,770,775,780, 
790,800,810,820,825,830,840,850,860,870,875,880, 
890,900,910,920,925,930,940,950,960,970,975,980, 
990, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 
1900,2000,2100,2200,2300,2400,2500,2600,2700,2800, 
2900,3000,3100,3200,3300,3400,3500,3600,3700,3800, 
3900,4000,4100,4200,4300,4400,4500,4600,4700,4800, 
4900, 5000, 6000, 7000, 8000, 9000, l0000milligrams (mgs) 
or micrograms (mcg) or µg/kg or micrograms/kg/minute, or 
any range derivable therein. In specific embodiments, a sub­
ject is administered about 7 5 to 150 mg of a thrombin inhibi­
tor, such as dabigatran or argatroban, that is administered 
intravenously twice a day. 

[0033] In other embodiments, a thrombin inhibitor is 
administered 2 mcg/kg/min by infusion. In other embodi­
ments, such as for percutaneous coronary intervention (PCI) 
an infusion is started and a bolus is administered via a large 
bore intravenous (IV) line over about 3 to 5 minutes. In certain 
embodiments, the infusion is started at 350 mcg/kg and the 
bolus is 350 mcg/kg. In other particular embodiments, meth­
ods involve taking about 24-36 mg of a thrombin inhibitor, 
such as melagatran/ximelagatran orally twice daily. 

[0034] For argatroban, initial dosing may be 0.5, 1.0, 1.5, 
2.0, or 2.5 mg/kg/min, which may be continued until steady 
state aPTT levels are 1.5 to 3.0 patient's baseline values. 

[0035] For dabigatran etexilate mesylate, in some embodi­
ments a 150 mg capsule is administered or taken twice daily. 

[0036] It is contemplated that methods may involve adjust­
ing dosage after the initial dosing period. In some embodi­
ments, a dosing adjustment may follow a test to determine the 
steady state level of the dosed drug. In certain embodiments, 
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methods may involve monitoring coagulation in a patient 
before and/or after therapy with a thrombin inhibitor. 

[0037] For ximelagatran, 24 mg tablets may be taken or 
administered to a patient twice daily. 

[0038] Other embodiments concern compositions compris­
ing both a ClfA inhibitor and a thrombin inhibitor. In certain 
embodiments, the ClfA inhibitor in the composition is an 
antibody or antibody fragment. In particular embodiments 
the ClfA inhibitor is a humanized or chimeric antibody. In 
some embodiments, the thrombin inhibitor is argatroban, 
dabigatran, melagatran ( or its prodrug, ximelagatran), inogat­
ran, or efegatran, or a salt or prodrug thereof. It is contem­
plated that a composition may contain more than one throm­
bin inhibitor. 

[0039] The amounts of each maybe about, at least about, or 
atmostaboutl,2,3,4,5,6, 7,8,9, 10, 11, 12, 13, 14, 15, 16, 
17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33, 
34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50, 
51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67, 
68,69,70, 71, 72, 73, 74,75, 76, 77, 78, 79,80,81,82,83,84, 
85,86,87,88,89,90,91,92,93,94,95,96,97,98,99, 100, 
105,110,115,120, 125,130,135, 140,145,150, 155, 160, 
165,170,175,180, 185,190,195,200,205,210,215,220, 
225,230,235,240,245,250,255,260,265,270,275,280, 
285,290,295,300,305,310,315,320,325,330,335,340, 
345,350,355,360,365,370,375,380,385,390,395,400, 
410,420,425,430,440,441,450,460,470,475,480,490, 
500,510,520,525,530,540,550,560,570,575,580,590, 
600,610,620,625,630,640,650,660,670,675,680,690, 
700,710,720,725,730,740,750,760,770,775,780,790, 
800,810,820,825,830,840,850,860,870,875,880,890, 
900,910,920,925,930,940,950,960,970,975,980,990, 
1000, 1100, 1200,1300, 1400,1500, 1600, 1700,1800, 1900, 
2000,2100,2200,2300,2400,2500,2600,2700,2800,2900, 
3000,3100,3200,3300,3400,3500,3600,3700,3800,3900, 
4000,4100,4200,4300,4400,4500,4600,4700,4800,4900, 
5000, 6000, 7000, 8000, 9000, 10000 milligrams (mgs) or 
micrograms (mcg), or any range derivable therein. The com­
position may be have a form that is solid, liquid, gel, or 
semisolid. The composition may include other inactive or 
active ingredients discussed herein. 

[0040] The volume of the composition may be about, at 
least about, or at most about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13,14,15, 16, 17, 18, 19,20,21,22,23,24,25,26,27,28,29, 
30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46, 
47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63, 
64,65,66,67,68,69, 70,71, 72, 73, 74, 75,76, 77, 78, 79,80, 
81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97, 
98,99, 100,105,110,115,120,125,130,135,140,145,150, 
155,160,165,170, 175,180,185, 190,195,200,205,210, 
215,220,225,230,235,240,245,250,255,260,265,270, 
275,280,285,290,295,300,305,310,315,320,325,330, 
335,340,345,350,355,360,365,370,375,380,385,390, 
395,400,410,420,425,430,440,441,450,460,470,475, 
480,490,500,510,520,525,530,540,550,560,570,575, 
580,590,600,610,620,625,630,640,650,660,670,675, 
680,690,700,710,720,725,730,740,750,760,770,775, 
780,790,800,810,820,825,830,840,850,860,870,875, 
880,890,900,910,920,925,930,940,950,960,970,975, 
980,990, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 
1800, 1900,2000,2100,2200,2300,2400,2500,2600,2700, 
2800,2900,3000,3100,3200,3300,3400,3500,3600,3700, 
3800,3900,4000,4100,4200,4300,4400,4500,4600,4700, 
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4800, 4900, 5000, 6000, 7000, 8000, 9000, 10000 microli­
ters, milliliters, or deciliters, or any range derivable therein. 

[0041] Other embodiments of the invention are discussed 
throughout this application. Any embodiment discussed with 
respect to one aspect applies to other aspects as well and vice 
versa. The embodiments in the Example section are under­
stood to be embodiments of the invention that are applicable 
to all aspects of the invention. 

[0042] It is specifically contemplated that any embodiment 
discussed in the context of a ClfA inhibitor may be applied 
with a thrombin inhibitor or with a combination inhibitor 
therapy, and vice versa. It is specifically contemplated that 
any embodiment discussed in the context of a thrombin 
inhibitor may be applied with a ClfA inhibitor or with a 
combination inhibitor therapy, and vice versa. 

[0043] The terms "inhibiting," "reducing," or "prevention," 
or any variation of these terms, when used in the claims and/or 
the specification includes any measurable decrease or com­
plete inhibition to achieve a desired result. 

[0044] The use of the word "a" or "an" when used in con­
junction with the term "comprising" in the claims and/or the 
specification may mean "one," but it is also consistent with 
the meaning of"one or more," "at least one," and "one or more 
than one." 

[0045] It is contemplated that any embodiment discussed 
herein can be implemented with respect to any method or 
composition of the invention, and vice versa. Furthermore, 
compositions and kits of the invention can be used to achieve 
methods of the invention. 

[0046] Throughout this application, the term "about" is 
used to indicate that a value includes the standard deviation of 
error for the device or method being employed to determine 
the value. 

[0047] The use of the term "or" in the claims is used to 
mean "and/or" unless explicitly indicated to refer to alterna­
tives only or the alternatives are mutually exclusive, although 
the disclosure supports a definition that refers to only alter­
natives and "and/or." It is also contemplated that anything 
listed using the term "or" may also be specifically excluded. 

[0048] As used in this specification and claim(s ), the words 
"comprising" (and any form of comprising, such as "com­
prise" and "comprises"), "having" (and any form of having, 
such as "have" and "has"), "including" (and any form of 
including, such as "includes" and "include") or "containing" 
(and any form of containing, such as "contains" and "con­
tain") are inclusive or open-ended and do not exclude addi­
tional, unrecited elements or method steps. 

[0049] It is specifically contemplated that any embodiment 
described as "comprising" certain components may also be 
implemented as "consistenting essentially of' those compo­
nents, where "consisting essentially of' refers to the active 
ingredient relative to inactive or contaminating compounds 
that may be in a composition and/or method. 

[0050] Other objects, features and advantages of the 
present invention will become apparent from the following 
detailed description. It should be understood, however, that 
the detailed description and the specific examples, while indi­
cating specific embodiments of the invention, are given by 
way of illustration only, since various changes and modifica­
tions within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip­
tion. 
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DESCRIPTION OF THE DRAWINGS 

[0051] The following drawings form part of the present 
specification and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of specific embodi­
ments presented herein. 
[0052] FIGS. lA-lC. Staphylococcus aureus agglutination 
in blood is a multi-factorial process and essential for the 
pathogenesis of sepsis in mice. (A) Agglutination in EDTA­
plasma ofSyto-9 stainedS. aureus Newman wild-type (wt) or 
its isogenic mutants with insertional lesions in single or mul­
tiple genes: coa (coagulase), vwb (von Willebrand factor 
binding protein), clfA ( clumping factor A), clfB and efb ( ex­
tracellular fibrinogen binding protein). (B) Quantification of 
agglutination for staphylococcal mutants (A) expressed as the 
percent relative to wt (100% ). Average and standard error of 
the means were calculated from sixteen fields of microscopic 
view and statistical significance was assessed in pairwise 
comparison between wt and mutant with the two-tailed Stu­
dent's t-test: *P<0.01, **P<0.0001. (C) Complementation 
studies of staphylococcal agglutination using the slide agglu­
tination test. S. aureus Newman variants coa/vwb and clfA 
were transformed with plasmids pcoa-vwb and pclfA, respec­
tively. Statistical significance was analyzed by two-tailed Stu­
dent's t-test; ***P<0.0001. 
[0053] FIGS. 2A-2E. Staphylococcus aureus agglutination 
occurs during the pathogenesis of sepsis in mice. Quantifica­
tion of heart lesions in BALB/c mice (n=l0) 12 hours post­
infection withS. aureus Newman. Three types oflesions were 
observed with either (A) staphylococcal agglutination (SA) 
without immune cell infiltrates (PMNs, polymorphonuclear 
leukocytes), (B) immune cell infiltrates without SAs (PMNs 
only) or (C) SA with surrounding granulocytes (SA+PMNs). 
Heart tissues were stained with hematoxylin-eosin and 
lesions enumerated (D). Error bars represent standard error of 
the mean of tissue samples. Data are representative of two 
independent experiments. (E) Immuno-histochemical analy­
sis of heart tissues from BALB/c mice (n=l0) 12 hours fol­
lowing intravenous challenge with S. aureus Newman. 
Samples were stained with antibodies directed against mouse 
fibrinogen (a-fibrinogen) or mouse prothrombin (a-pro­
thrombin). Arrows point to staphylococcal agglutinations 
(black) or immune cell infiltrates (green); scale bars represent 
1 µm. 
[0054] FIGS. 3A-3C. Staphylococcal agglutination in heart 
tissues is required for the pathogenesis of sepsis. (A) Staphy­
lococcal load, enumerated as colony forming units (CFU), in 
heart tissues of BALB/c mice (n=l0) 12 hours after retro­
orbital inoculation with 108 CFU of S. aureus Newman (wt) 
or its variant strains ( clfA, coa/vwb and coa/vwb/clfA). Hori­
zontal lines represent mean CFU. Statistical analysis was 
performed with the Mann-Whitney test: wt vs. clfA, P=0. 
0002; wt vs. coa/vwb, P=0.0002; wt vs. coa/vwb/clfA, P=0. 
0002; coa/vwb vs. coa/vwb/clfA, P=0.0007; clfA vs. coal 
vwb/clfA, P=0.0002. Data are representative of two 
independent experiments. (B) Summary of histopathology 
findings in thin-sectioned and hematoxylin-eosin stained 
heart tissue from BALB/c mice (n=l0) 12 hours after retro­
orbital injection of S. aureus Newman wild-type (wt) or its 
clfA, coa/vwb as well as clfA/coa/vwb variants. Representa­
tive lesions in heart tissues included staphylococcal aggluti­
nation without PMNs (SA), with PMNs (SA+PMNs), and 
PMN accumulation without staphylococcal agglutination 
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(PMNs-SA). Error bars represent standard error of the mean 
from 10 hearts. Statistical significance of lesions for each 
mutant compared to wt infection was determined by Stu­
dent's t test: *P<0.05, **P<0.01, ***P<0.001. Data are rep­
resentative of two independent experiments. (C) Survival of 
cohorts ofBALB/c mice (n=20) following intravenous injec­
tion withS. aureus Newman (wt) or variants lacking coa, vwb 
or clfA. Data are representative of three independent experi­
ments. Statistical significance was assessed with the logrank 
test: wt vs. coa/vwb (P<0.01), wt vs. clfA (P<0.001), and wt 
vs. coa/vwb/clfA (P<0.0001). 

[0055] FIGS. 4A-4D. ClfA enables staphylococcal agglu­
tination with fibrin cables in vitro and in vivo. (A) The asso­
ciation of purified recombinant ClfA with immobilized 
fibrinogen or fibrin was assessed by ELISA and analyzed as 
the percentage of maximal binding. Average and standard 
error of the means were calculated from three independent 
experiments. Curves represent nonlinear regression for one­
site binding saturation performed with GraphPad Prism, Fbgn 
R2=0.9876; Fibrin R2=0.9876. (B) Scanning electronmicro­
graphs of S. aureus Newman (wt) and its isogenic mutants 
immersed in plasma. (C) Affinity-purified rabbit IgG specific 
forCoa (a-Coa), vwb (a-vWb), ClfA (a-ClfA) or the plague 
protective antigen Vl 0 ( a-Vl 0) was analyzed for its ability to 
prevent staphylococcal agglutination. Statistical significance 
of antibody effects compared to a mock treated control was 
assessed with the Student's t test: *P<0.05. (D) BALB/c mice 
(n=l0) were passively immunized by intraperitoneal injec­
tion with affinity-purified antibodies against Vl 0 or ClfA and 
disease protection assessed by intravenous challenge with S. 
aureus Newman. Data represent one of three independent 
experiments. Statistical significance was assessed with the 
logrank test: P<0.01. 

[0056] FIGS. SA-SC. Neutralization of coagulases and 
ClfA prevents staphylococcal agglutination in heart tissues of 
septic mice. (A) Quantification ofhistopathology lesions in 
heart tissues of BALB/c mice (n=l0) passively immunized 
with affinity-purified Vl 0 control antibodies (which neutral­
ize the plague protective antigen LcrV) or ClfA antibodies 
prior to lethal infection. Hearts were removed during 
necropsy 12 hours after retro-orbital inoculation of staphylo­
cocci. Tissues were thin-sectioned, stained with hematoxy­
lin-eosin and histopathology lesions enumerated. Error bars 
represent standard error of the mean from cohorts of ten mice. 
Statistical analysis was performed by two-tailed Student's 
t-test comparing same lesion types between mock-immu­
nized and vaccinated animals: *P<0.05, **P<0.01, ***P<0. 
001. (B) Quantification of three types of histopathology 
lesions in heart tissues from mice actively immunized with 
recombinant Coa, vWbp, or ClfA. Hearts were removed dur­
ing necropsy 12 hours after retro-orbital inoculation of sta­
phylococci into BALB/c mice (n=l0). Tissues were thin­
sectioned, stained with hematoxylin-eosin and 
histopathology lesions enumerated. Error bars represent stan­
dard error of the mean from cohorts of ten mice. Statistical 
analysis was performed by Student's two-tailed t-test com­
paring same lesion types between mock-immunized and vac­
cinated animals: *P<0.05, **P<0.01, ***P<0.001. Data are 
representative of two independent experiments. (C) Half 
maximal IgG antibody titer specific for Coa, vWb or ClfA 
antigens in serum following active vaccination of BALB/c 
mice (n=5). Blood samples were drawn at the time of chal­
lenge. Error bars represent standard deviation of serum IgG 
titers. The limit of detection is 100. 
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[0057] FIGS. 6A-6D. Direct thrombin inhibitors block a 
key step in staphylococcal pathogenesis. (A) Conversion of 
fibrinogen to fibrin by prothrombin, Coa.prothrombin orvwb. 
prothrombin was detected in the presence or absence of 200 
ng argatroban (Agb). Arbitrary units are defined as 
A450*100. Average and standard error of the means were 
calculated from three independent measurements. (B) Agglu­
tination of S. aureus Newman or S. aureus USA300 LAC in 
plasma in the presence of increasing concentrations of Agb. 
Average and standard error of the means were calculated from 
three independent measurements and statistical significance 
was assessed with the Student's two-tailed t-test: *P<0.05, 
**P<0.0001. (C) Survival of cohorts ofBALB/c mice (n=15) 
treated with saline (mock) or dabigatran-etexilate (Dbg) and 
infected with either S. aureus Newman or the coa/vwb mutant 
strain. Statistical significance was analyzed with the logrank 
test: mock vs. Dbg with wt challenge: P<0.0001; mock vs. 
Dbg with coa/vwb challenge: P=0.43. Data are representative 
of three independent experiments. (D) Survival of cohorts of 
BALB/c mice (n=l 5) treated with saline (mock) or dabigatran 
(Dbg) and challenged by intravenous inoculation with S. 
aureus USA300 LAC. Statistical significance was analyzed 
with the logrank test: mock vs. Dbg, P<0.01. Data are repre­
sentative of three independent experiments. 

[0058] FIGS. 7A-7C. Additive protective effects of direct 
thrombin inhibitors and ClfA-specific antibodies against S. 
aureus sepsis. (A) Survival of cohorts of BALB/c mice 
(n=15) treated with saline (mock) or dabigatran (Dbg) fol­
lowed by intravenous inoculation with S. aureus Newman 
(wt), clfA or clfA (pClfA) variants. Data are representative of 
three independent experiments. (B) Survival of cohorts of 
BALB/c mice (n=15) treated with saline (mock) or Dbg and 
passively immunized (5 mg·kg-1) with affinity-purified anti­
bodies against Vl0 or ClfA. Animals were challenged by 
intravenous inoculation with S. aureus Newman. Statistical 
analysis was assessed with the logrank test: mock-V 10 vs. 
mock-ClfA, P<0.001; Dbg-mock vs. Dbg-ClfA, P<0.001. 
Data are representative of three independent experiments. (C) 
Half-maximal IgG titer of a-Vl 0 or a-ClfA in serum of 
passively immunized mice (n=5) was determined by ELISA. 
Blood was drawn on day 0, six hours post-immunization and 
at day 10, when the experiment was terminated. 

[0059] FIGS. SA-SD. Direct thrombin inhibitors and ClfA­
specific antibodies increase the time-to-death ofMRSA sep­
sis in mice. (A) Agglutination of methicillin-resistant S. 
aureus isolates N315 or MW2 in plasma in the presence or 
absence of argatroban (Agb ). Average and standard error of 
the means were calculated from at least five independent 
measurements and statistical significance was assessed with 
the Student's two-tailed t-test: *P<0.05, ***P<0.0001. (B) 
Affinity-purified rabbit IgG specific for ClfA ( a-ClfA) or the 
plague protective antigen Vl0 (a-Vl0) was analyzed for its 
ability to prevent agglutination of MRSA strains N315 and 
MW2 in plasma. Average and standard error of the mean were 
calculated from 16 fields of view from two independent 
experiments. Statistical significance of antibody effects com­
pared to a mock treated control was assessed with the Stu­
dent's two-tailed t test: ***P<0.001. (C) Survival of cohorts 
of BALB/c mice (n=15) treated with saline (mock) or Dbg 
and passively immunized (5 mg·kg-1) with affinity-purified 
antibodies against Vl 0 or ClfA. Animals were challenged by 
intravenous inoculation with MRSA strain N315. Statistical 
analysis was assessed with the logrank test: mock-Vl0 vs. 
mock-ClfA, not significant; mock-Vl0 vs. Dbg-ClfA, P<0. 
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05; mock-ClfA vs. Dbg-ClfA, P<0.05; Dbg-mock vs. Dbg­
ClfA, P<0.01. Data are representative of two independent 
experiments. (D) Survival of cohorts ofBALB/c mice (n=l 5) 
treated as described in panel (C) and challenged by intrave­
nous inoculation with MRSA strain MW2. Statistical analy­
sis was assessed with the logrank test: mock-Vl0 vs. mock­
ClfA, not significant; mock-ClfA vs. Dbg-ClfA, P<0.001; 
Dbg-mockvs. Dbg-ClfA, P<0.001. Data are representative of 
two independent experiments. 
[0060] FIG. 9A-9B. Direct thrombin inhibitors and their 
effect on in vitro and in vivo coagulation. (A) Conversion of 
fibrinogen to fibrin by human alpha-thrombin was measured 
in the presence or absence of 200 ng argatroban. Human 
prothrombin was incubated alone as negative control. One 
arbitrary unit is defined as A450*100. Error bars represent 
standard deviation of triplicate experiments. (B) Dilute 
thrombin time was measured for plasma from mice treated 
with saline (mock) or Dabigatran-etexilate (Dbg) on the day 
of infection or on day 10 following infection. Each symbol 
represents a blood sample from a single mouse. Horizontal 
lines indicate mean thrombin time for the cohort. Statistical 
significance was determined by two-tailed Student's t-test: 
*P<0.01, **P<0.001. 
[0061] FIG.10. TreatmentwithDabigatran-etexilate (Dbg) 
reduces staphylococcal agglutination in heart tissues during 
sepsis. Summary ofhistopathology findings in thin-sectioned 
and hematoxylin-eosin stained heart tissue from BALB/c 
mice (n=15) treated with saline (mock) or dabigatran-etexi­
late (Dbg) and infected withS. aureus Newman for 12 hours. 
Statistical significance was analyzed with the logrank test: 
mock vs. Dbg. Data are representative of three independent 
experiments. Representative lesions in heart tissues included 
staphylococcal agglutination without PMNs (SA), with 
PMNs (SA+PMNs), and PMN accumulation without staphy­
lococcal agglutination (PMNs-SA). Black bars (Total) rep­
resent the sum of all lesions in mock and Dbg treated animals. 
Error bars represent standard error of the mean from 15 
hearts. 

DETAILED DESCRIPTION 

[0062] Embodiments described herein relate to infection by 
Staphylococcus, or more precisely, the inhibition of Staphy­
lococcus infection. 

A. PREVENTATIVE AND TREATMENT 
METHODS 

[0063] Methods include treatments for a disease or condi­
tion caused by a Staphylococcus pathogen by providing or 
administering agents that inhibit agglutination of Staphylo­
cocci. A ClfA inhibitor and a thrombin inhibitor can be given 
to a person infected with or exposed to Staphylococcus or 
suspected of having been exposed to staphylococcus or at risk 
of developing a Staphylococcus infection. Methods may be 
employed with respect to individuals who have tested positive 
for exposure to Staphylococcus or who are deemed to be at 
risk for infection based on possible exposure. 
[0064] In particular, methods include treatment for Staphy­
lococcal infection. In certain embodiments, the infection 
includes, but is not limited to pneumonia, sepsis, corneal 
infection, respiratory infection, skin infection, sinus infec­
tion, infection of the central nervous system, or toxic shock 
syndrome. Staphylococcus infections of the skin that can be 
treated using the methods and compositions including, but 



US 2014/0271649 Al 

not limited to, dermonecrotic skin infections, eczema, sec­
ondary infections associated with eczema, impetigo, 
ecthyma, cellulitis, folliculitis, psoriasis, boils (furuncles and 
carbuncles) and sycosis. 
[0065] In some embodiments, the treatment is administered 
in conjunction with Staphylococcus antigens or antibodies 
that bind Staphylococcus bacteria and/or their proteins and/or 
carbohydrates. Furthermore, in some examples, treatment 
comprises administration of other agents commonly used 
against bacterial infection, such as one or more antibiotics. 
[0066] The compositions and related methods, particularly 
administration of a ClfA inhibitor and a thrombin inhibitor, 
may also be used in combination with the administration of 
traditional antimicrobial therapies. These include, but are not 
limited to, the administration of vaccines; anti-bacterial anti­
bodies; or antibiotics such as streptomycin, ciprofloxacin, 
doxycycline, gentamycin, chloramphenicol, trimethoprim, 
vancomycin, sulfamethoxazole, ampicillin, tetracycline or 
various combinations of antibiotics. 
[0067] In one aspect, it is contemplated that therapy 
includes antibacterial agents other than a ClfA inhibitor or a 
thrombin inhibitor. Alternatively, the therapy may precede or 
follow the other agent treatment by intervals ranging from 
minutes to weeks. In embodiments where the other agents 
and/or a proteins or polynucleotides are administered sepa­
rately, one would generally ensure that a significant period of 
time did not expire between the time of each delivery, such 
that the agent and antigenic composition would still be able to 
exert an advantageously combined effect on the subject. In 
such instances, it is contemplated that one may administer 
both modalities within about 12-24 h of each other or within 
about 6-12 h of each other. In some situations, it may be 
desirable to extend the time period for administration signifi­
cantly, where several days (2, 3, 4, 5, 6 or 7) to several weeks 
(1, 2, 3, 4, 5, 6, 7 or 8) lapse between the respective admin­
istrations. 
[0068] Various combinations may be employed, for 
example, a ClfA inhibitor is "A" and the thrombin inhibitor is 
"B" or a combination inhibitor therapy is "A" and another 
antimicrobial agent is "B" and the following regimen is fol­
lowed: 

A/BIA B/A/B BIB/A AIA!B A/BIB BIA/A A/B/B/B BIA/BIB 
BIB/BIA B/B/A/B A/A/BIB A/B/A/B A/BIB/A BIB/A/A 
BIA/BIA BIAIAIB AIAIAIB BIA/A/A A/BIA/A A/A/BIA 

[0069] Administration of these compositions to a patient/ 
subject will follow general protocols for the administration of 
such compounds, taking into account the toxicity, if any, of 
the composition, or other compositions described herein. It is 
expected that the treatment cycles would be repeated as nec­
essary. It also is contemplated that various standard therapies, 
such as hydration, may be applied in combination with the 
described therapy. 
[0070] 1. ClfA and ClfA Inhibitors 
[0071] S. aureus strains express clumping factor A (ClfA) 
(McDevitt et al., 1994), a surface protein that promotes pre­
cipitation of staphylococci through association with soluble 
fibrinogen (Hawiger et al., 1982) (ClfA is also known as 
serine-aspartate repeat (Sdr) region). The N2 and N3 domains 
ofClfA (residues 229-545) bind to the C-terminal end of the 
fibrinogen y-chains (residues 395-411) (Ganesh et al., 2008; 
Strong et al., 1982). S. aureus mutants lacking functional clfA 
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display virulence defects in mouse models for septic arthritis 
or endocarditis, phenotypes that have been attributed to the 
loss of staphylococcal binding to fibrinogen deposited on 
inflamed joint tissues or on mechanically damaged heart 
valves (Josefsson et al., 2001; Moreillon et al., 1995). ClfA 
also contributes to staphylococcal escape from phagocytic 
killing, which involves its binding to complement regulatory 
factor I (Hair et al., 2010). A ClfA-specific monoclonal anti­
body has been isolated that blocks staphylococcal association 
with the fibrinogen y-chain (Hall et al., 2003). A phase II 
clinical trial with bacteremic patients compared the efficacy 
of monoclonal antibody (Tefibazumab) and antibiotic treat­
ment with placebo and antibiotic. However, composite clini­
cal end point analysis did not detect differences (Weems Jr. et 
al., 2006). 
[0072] Birch-Hirschfeld employed a biochemical approach 
to elucidate S. aureus agglutination in citrate-plasma and 
proposed a reaction pathway involving both fibrinogen and 
prothrombin (Birch-Hirschfeld, 1934 ). If so, agglutination 
must be considerably more complex than the simple associa­
tion of staphylococci with fibrinogen ( clumping). 
[0073] The Examples below indicate that staphylococcal 
agglutination in blood is associated with a lethal outcome of 
S. aureus sepsis in mice. Three secreted products of staphy­
lococci----coagulase (Coa), von Willebrand factor binding 
protein (vWbp) and clumping factor (ClfA)-are required for 
agglutination. Coa and vWbp activate prothrombin to cleave 
fibrinogen, whereas ClfA allowed staphylococci to associate 
with the resulting fibrin cables. All three virulence genes 
promoted the formation of thromboembolic lesions in heart 
tissues. S. aureus agglutination could be disrupted and the 
lethal outcome of sepsis could be prevented by combining 
dabigatran-etexilate treatment, which blocked Coa and vWbp 
activity, with antibodies specific for ClfA. These results pro­
vide evidence that the combined administration of direct 
thrombin inhibitors and ClfA-antibodies that block S. aureus 
agglutination can be useful for the prevention of staphylococ­
cal sepsis in humans. 
[0074] ClfA inhibitors include small molecules, nucleic 
acids (including but not limited to siRNAs, miRNAs, anti­
sense molecules), peptide mimetics, peptides (proteins 
smaller than 100 amino acids), polypeptides, and proteins 
(including but not limited to antibodies or antibody frag­
ments). 
[0075] a. Nucleic Acids 
[0076] Some embodiments concern polynucleotides or 
nucleic acid molecules relating to ClfA sequences in diag­
nostic, therapeutic, and preventative applications. In certain 
embodiments, a nucleic acid serves as a ClfA inhibitor for the 
prevention or treatment of Staphylococcus infection and 
related conditions or diseases. Nucleic acids or polynucle­
otides of the invention may be DNA or RNA, and they may be 
olignonucleotides (100 residues or fewer) in certain embodi­
ments. Moreover, they may be recombinantly produced or 
synthetically produced. 
[0077] These polynucleotides or nucleic acid molecules 
may be isolatable and purifiable from cells or they may be 
synthetically produced. In some embodiments, a ClfA-en­
coding nucleic acid is the target of a nucleic acid ClfA inhibi­
tor, such as a ribozyme, antisense, miRNA, or siRNA that 
reduces the level of ClfA expression. 
[0078] As used in this application, the term "polynucle­
otide" refers to a nucleic acid molecule, RNA or DNA, that 
has been isolated free of total genomic nucleic acid. There-
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fore, a "polynucleotide encoding ClfA" refers to a nucleic 
acid sequence (RNA or DNA) that contains ClfA coding 
sequences, yet may be isolated away from, or purified and 
free of, total genomic DNA and proteins. 

[0079] The term "cDNA" is intended to refer to DNA pre­
pared using RNA as a template. The advantage of using a 
cDNA, as opposed to genomic DNA or an RNA transcript is 
stability and the ability to manipulate the sequence using 
recombinant DNA technology (See Sambrook, 2001; 
Ausubel, 1996). There may be times when the full or partial 
genomic sequence is some. Alternatively, cDNAs may be 
advantageous because it represents coding regions of a 
polypeptide and eliminates intrans and other regulatory 
regions. In certain embodiments, nucleic acids are comple­
mentary or identical to cDNA encoding sequences, such as a 
ClfA sequence. 

[0080] The term "gene" is used for simplicity to refer to a 
functional protein, polypeptide, or peptide-encoding nucleic 
acid unit. As will be understood by those in the art, this 
functional term includes genomic sequences, cDNA 
sequences, and smaller engineered gene segments that 
express, or may be adapted to express, proteins, polypeptides, 
domains, peptides, fusion proteins, and mutants. The nucleic 
acid molecule hybridizing to a ClfA sequence may comprise 
a contiguous nucleic acid sequence of the following lengths 
oratleastthefollowing lengths: 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15,16,17, 18, 19,20,21,22,23,24,25,26,27,28,29,30,31, 
32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48, 
49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65, 
66,67,68,69, 70, 71, 72,73, 74, 75, 76, 77,78, 79,80,81,82, 
83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99, 
100,101,102,103, 104,105,106, 107,108,109, 110, 111, 
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 
124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 
148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 
160,161,162,163, 164,165,166, 167,168,169, 170, 171, 
172,173,174,175, 176,177,178, 179,180,181, 182, 183, 
184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 
196,197,198,199,200,210,220,230,240,250,260,270, 
280,290,300,310,320,330,340,350,360,370,380,390, 
400,410,420,430,440,441,450,460,470,480,490,500, 
510,520,530,540,550,560,570,580,590,600,610,620, 
630,640,650,660,670,680,690,700,710,720,730,740, 
750,760,770,780,790,800,810,820,830,840,850,860, 
870,880,890,900,910,920,930,940,950,960,970,980, 
990, 1000, 1010, 1020, 1030, 1040, 1050, 1060, 1070, 1080, 
1090, 1100, 1200,1300, 1400,1500, 1600, 1700,1800, 1900, 
2000,2100,2200,2300,2400,2500,2600,2700,2800,2900, 
3000,3100,3200,3300,3400,3500,3600,3700,3800,3900, 
4000,4100,4200,4300,4400,4500,4600,4700,4800,4900, 
5000,5100,5200,5300,5400,5500,5600,5700,5800,5900, 
6000,6100,6200,6300,6400,6500,6600,6700,6800,6900, 
7000, 7100, 7200,7300, 7400,7500, 7600, 7700,7800, 7900, 
8000,8100,8200,8300,8400,8500,8600,8700,8800,8900, 
9000,9100,9200,9300,9400,9500,9600,9700,9800,9900, 
10000, 10100, 10200, 10300, 10400, 10500, 10600, 10700, 
10800, 10900, 11000, 11100, 11200, 11300, 11400, 11500, 
11600, 11700, 11800, 11900, 12000 or more ( or any range 
derivable therein) nucleotides, nucleosides, or base pairs of 
the ClfA sequence. Such sequences may be identical or 
complementary to SEQ ID NO: 1, and they may encode all or 
part of SEQ ID NO:2. 
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[0081] Accordingly, sequences that have or have at least or 
at most 70%, 71 %, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 
79%, 80%, 81 %, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,or 
99%, and any range derivable therein, of nucleic acids that are 
identical or complementary to a nucleic acid sequence of 5, 6, 
7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,21,22,23,24, 
25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41, 
42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58, 
59,60,61,62,63,64,65,66,67,68,69, 70,71, 72, 73, 74, 75, 
76, 77,78, 79,80,81,82,83,84,85,86,87,88,89,90,91,92, 
93,94,95,96,97,98,99, 100,101,102,103,104,105,106, 
107,108,109, 110,111,112, 113,114,115,116,117,118, 
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 
143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 
155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 
167,168,169, 170,171,172, 173,174,175,176,177,178, 
179,180,181, 182,183,184, 185,186,187,188,189,190, 
191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 210, 220, 
230,240,250,260,270,280,290,300,310,320,330,340, 
350,360,370,380,390,400,410,420,430,440,441,450, 
460,470,480,490,500,510,520,530,540,550,560,570, 
580,590,600,610,620,630,640,650,660,670,680,690, 
700,710,720,730,740,750,760,770,780,790,800,810, 
820,830,840,850,860,870,880,890,900,910,920,930, 
940,950,960,970,980,990, 1000, 1010, 1020, 1030, 1040, 
1050,1060, 1070,1080, 1090, 1100,1200, 1300,1400, 1500, 
1600,1700, 1800,1900,2000,2100,2200,2300,2400,2500, 
2600,2700,2800,2900,3000,3100,3200,3300,3400,3500, 
3600,3700,3800,3900,4000,4100,4200,4300,4400,4500, 
4600, 4700, 4800, 4900, or 5000 contiguous bases (or any 
range derivable therein) of SEQ ID NO: 1 is contemplated in 
some embodiments. They may be used as ClfA inhibitors. 
[0082] "Isolated substantially away from other coding 
sequences" means that the gene of interest forms part of the 
coding region of the nucleic acid segment, and that the seg­
ment does not contain large portions of naturally-occurring 
coding nucleic acid, such as large chromosomal fragments or 
other functional genes or cDNA coding regions. Of course, 
this refers to the nucleic acid segment as originally isolated, 
and does not exclude genes or coding regions later added to 
the segment by human manipulation. 

[0083] In some embodiments, a ClfA inhibitor that is a 
nucleic acid may encode an antisense construct. Antisense 
methodology takes advantage of the fact that nucleic acids 
tend to pair with "complementary sequences." By comple­
mentary, it is meant that polynucleotides are those which are 
capable of base-pairing according to the standard Watson­
Crick complementarity rules. Inclusion ofless common bases 
such as inosine, 5-methylcytosine, 6-methyladenine, hypox­
anthine and others in hybridizing sequences does not interfere 
with pairing. 
[0084] As stated above, "complementary" or "antisense" 
means polynucleotide sequences that are substantially 
complementary over their entire length and have very few 
base mismatches. For example, sequences of fifteen bases in 
length may be termed complementary when they have 
complementary nucleotides at thirteen or fourteen positions. 
Naturally, sequences which are completely complementary 
will be sequences which are entirely complementary through­
out their entire length and have no base mismatches. Other 
sequences with lower degrees of homology also are contem­
plated. For example, an anti sense construct which has limited 



US 2014/0271649 Al 

regions of high homology, but also contains a non-homolo­
gous region (e.g., ribozyme; see below) could be designed. 
These molecules, though having less than 50% homology, 
would bind to target sequences under appropriate conditions. 
[0085] In certain embodiments, the nucleic acid encodes an 
interfering RNA or siRNA. RNA interference ( also referred 
to as "RNA-mediated interference" or RNAi) is a mechanism 
by which gene expression can be reduced or eliminated. 
Double-stranded RNA (dsRNA) has been observed to medi­
ate the reduction, which is a multi-step process. dsRNA acti­
vates post-transcriptional gene expression surveillance 
mechanisms that appear to function to defend cells from virus 
infection and transposon activity (Fire et al., 1998; Grishok et 
al., 2000; Ketting et al., 1999; Lin and Avery, 1999; Mont­
gomery et al., 1998; Sharp and Zamore, 2000; Tabara et al., 
1999). Activation of these mechanisms targets mature, 
dsRNA-complementary mRNA for destruction. Advantages 
of RNAi include a very high specificity, ease of movement 
across cell membranes, and prolonged down-regulation of the 
targeted gene (Fire et al., 1998; Grishok et al., 2000; Ketting 
et al., 1999; Lin and Avery et al., 1999; Montgomery et al., 
1998; Sharp et al., 1999; Sharp and Zamore, 2000; Tabara et 
al., 1999). Moreover, dsRNA has been shown to silence genes 
in a wide range of systems, including plants, protozoans, 
fungi, C. elegans, Trypanasoma, Drosophila, and mammals 
(Grishok et al., 2000; Sharp et al., 1999; Sharp and Zamore, 
2000; Elbashiret al., 2001 ). It is generally accepted that RNAi 
acts post-transcriptionally, targeting RNA transcripts for deg­
radation. It appears that both nuclear and cytoplasmic RNA 
can be targeted (Basher and Labouesse, 2000). 
[0086] siRNAs are designed so that they are specific and 
effective in suppressing the expression of the genes of inter­
est. Methods of selecting the target sequences, i.e., those 
sequences present in the gene or genes of interest to which the 
siRNAs will guide the degradative machinery, are directed to 
avoiding sequences that may interfere with the siRNA's 
guide function while including sequences that are specific to 
the gene or genes. Typically, siRNA target sequences of about 
21 to 23 nucleotides in length are most effective. This length 
reflects the lengths of digestion products resulting from the 
processing of much longer RNAs as described above (Mont­
gomery et al., 1998). Alternatively, a naturally occurring 
mi RNA that targets ClfA may be used in some embodiments. 
[0087] The making of siRNAs has been mainly through 
direct chemical synthesis; or through an in vitro system 
derived from S2 cells. Chemical synthesis proceeds by mak­
ing two single stranded RNA-oligomers followed by the 
annealing of the two single stranded oligomers into a double­
stranded RNA. Methods of chemical synthesis are diverse. 
Non-limiting examples are provided in U.S. Pat. Nos. 5,889, 
136, 4,415,723, and4,458,066, expressly incorporated herein 
by reference, and in Wincott et al. (1995). 
[0088] Several further chemical modifications to siRNA or 
miRNA sequences have been suggested in order to alter their 
stability or improve their effectiveness. It is suggested that 
synthetic complementary 21-mer RNAs having di-nucleotide 
overhangs (i.e., 19 complementary nucleotides +3' non­
complementary dimers) may provide the greatest level of 
suppression. These protocols primarily use a sequence of two 
(2'-deoxy)thymidine nucleotides as the di-nucleotide over­
hangs. These dinucleotide overhangs are often written as 
dTdT to distinguish them from the typical nucleotides incor­
porated into RNA. The literature has indicated that the use of 
dT overhangs is primarily motivated by the need to reduce the 
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cost of the chemically synthesized RNAs. It is also suggested 
that the dTdT overhangs might be more stable than UU over­
hangs, though the data available shows only a slight ( <20%) 
improvement of the dTdT overhang compared to an siRNA 
with a UU overhang. In other embodiments there is a modi­
fication at the 5' end of the sequence that is complementary to 
the ClfA target. 

[0089] In some embodiments, the invention concerns an 
siRNA that is capable of triggering RNA interference, a pro­
cess by which a particular RNA sequence is destroyed. 
siRNA are dsRNA molecules that are 100 bases or fewer in 
length ( or have 100 basepairs or fewer in its complementarity 
region). In some cases, it has a 2 nucleotide 3' overhang and a 
5' phosphate. The particular RNA sequence is targeted as a 
result of the complementarity between the dsRNA and the 
particular RNA sequence. It will be understood that dsRNA 
or siRNA of the invention can effect at least a 20, 30, 40, 50, 
60, 70, 80, 90 percent or more reduction of expression of a 
targeted RNA in a cell. dsRNA of the invention (the term 
"dsRNA" will be understood to include "siRNA") is distinct 
and distinguishable from antisense and ribozyme molecules 
by virtue of the ability to trigger RNAi. Structurally, dsRNA 
molecules for RNAi differ from antisense and ribozyme mol­
ecules in that dsRNA has at least one region of complemen­
tarity within the RNA molecule. The complementary (also 
referred to as "complementarity") region comprises at least or 
atmost5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 
21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37, 
38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54, 
55,56,57,58,59,60,61,62,63,64,65,66,67,68,69, 70, 71, 
72, 73,74, 75, 76, 77, 78,79,80,81,82,83,84,85,86,87,88, 
89,90,91,92,93,94,95,96,97,98,99, 100,110,120,130, 
140,150,160, 170,180,190,200,210,220,230,240,250, 
260,270,280,290,300,310,320,330,340,350,360,370, 
380,390,400,410,420,430,440,441,450,460,470,480, 
490,500,510,520,530,540,550,560,570,580,590,600, 
610,620,630,640,650,660,670,680,690,700,710,720, 
730,740,750,760,770,780,790,800,810,820,830,840, 
850,860,870,880,890,900,910,920,930,940,950,960, 
970, 980, 990, or 1000 contiguous bases, or any range deriv­
able therein, to sequences (or their complements) disclosed 
herein. In some embodiments, the sequence is SEQ ID NO: 1. 
It is specifically contemplated that a dsRNA may be a mol­
ecule comprising two separate RNA strands in which one 
strand has at least one region complementary to a region on 
the other strand. Alternatively, a dsRNA includes a molecule 
that is single stranded yet has at least one complementarity 
region as described above (see Sui et al., 2002 and Brum­
melkamp et al., 2002 in which a single strand with a hairpin 
loop is used as a dsRNA for RNAi). For convenience, lengths 
of dsRNA may be referred to in terms of bases, which simply 
refers to the length of a single strand or in terms ofbasepairs, 
which refers to the length of the complementarity region. It is 
specifically contemplated that embodiments discussed herein 
with respect to a dsRNA comprised of two strands are con­
templated for use with respect to a dsRNA comprising a 
single strand, and vice versa. In a two-stranded dsRNA mol­
ecule, the strand that has a sequence that is complementary to 
the targeted mRNA is referred to as the "antisense strand" and 
the strand with a sequence identical to the targeted mRNA is 
referred to as the "sense strand."Similarly, with a dsRNA 
comprising only a single strand, it is contemplated that the 
"antisense region" has the sequence complementary to the 
targeted mRNA, while the "sense region" has the sequence 



US 2014/0271649 Al 

identical to the targetedmRNA. Furthermore, it will be under­
stood that sense and anti sense region, like sense and antisense 
strands, are complementary (i.e., can specifically hybridize) 
to each other. 
[0090] The single RNA strand or two complementary 
double strands of a dsRNA molecule may be of at least or at 
most the following lengths: 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16,17,18, 19,20,21,22,23,24,25,26,27,28,29,30,31,32, 
33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49, 
50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66, 
67,68,69, 70, 71, 72, 73,74, 75, 76, 77, 78,79,80,81,82,83, 
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 
100,110,120,130, 140,150,160, 170,180,190,200,210, 
220,230,240,250,260,270,280,290,300,310,320,330, 
340,350,360,370,380,390,400,410,420,430,440,441, 
450,460,470,480,490,500,510,520,530,540,550,560, 
570,580,590,600,610,620,630,640,650,660,670,680, 
690,700,710,720,730,740,750,760,770,780,790,800, 
810,820,830,840,850,860,870,880,890,900,910,920, 
930,940,950,960,970,980,990, 1000, 1100, 1200, 1300, 
1400, 1500, 1600,1700, 1800,1900,2000,2100,2200,2300, 
2400, 2500,2600, 2700,2800, 2900, 3000, 31,3200, 3300, 
3400,3500,3600,3700,3800,3900,4000,4100,4200,4300, 
4400,4500,4600,4700,4800,4900,5000,6000,7000,8000, 
9000, 10000 or more (including the full-length of a particu­
lar's gene's mRNA without the poly-A tail) bases or base­
pairs. If the dsRNA is composed of two separate strands, the 
two strands may be the same length or different lengths. If the 
dsRNA is a single strand, in addition to the complementarity 
region, the strand may have 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13,14,15, 16, 17, 18, 19,20,21,22,23,24,25,25,26,27,28, 
29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45, 
46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62, 
63,64,65,66,67,68,69,70, 71, 72, 73, 74,75, 76, 77, 78, 79, 
80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96, 
97, 98, 99, 100 or more bases on either or both ends (5' and/or 
3') or as forming a hairpin loop between the complementarity 
regions. 
[0091] b. Proteins and Polypeptides 
[0092] Embodiments concern methods and compositions 
involving a ClfA inhibitor that is a polypeptide. In certain 
embodiments, the ClfA polypeptide inhibitors are used in the 
treatment or prevention of Staphylococcus infection and con­
ditions and diseases that are caused by such infection. The 
terms "protein" and "polypeptide" are used interchangeably 
herein and they both cover what is understood as a "peptide" 
(a polypeptide molecule having 100 or fewer amino acid 
residues). In certain embodiments of the present invention, 
the ClfA inhibitor is a protein, polypeptide, or peptide; in 
particular embodiments, the ClfA inhibitor is protein or 
polypeptide that is an antibody. 
[0093] In some embodiments, the ClfA inhibitor is a pep­
tide, which is a polypeptide that is less than 100 amino acids 
in length. In certain embodiments, the ClfA inhibitor is a 
peptide that is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17,18,19,20,21,22,23,24,25,25,26,27,28,29,30,31,32, 
33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49, 
50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66, 
67,68,69, 70, 71, 72, 73,74, 75, 76, 77, 78,79,80,81,82,83, 
84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,or99 
amino acids ( or any range derivable therein, in length. In 
particular embodiments the peptide is 7 residue peptide as 
described in Strong et al. and Ganesh et al., which are both 
incorporated by reference. 
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[0094] As will be understood by those of skill in the art, 
modification and changes may be made in the structure of a 
ClfA inhibitor polypeptide or peptide, and still produce a 
molecule having like or otherwise desirable characteristics. 
For example, certain amino acids may be substituted for other 
amino acids or include deletions, additions, or truncations in 
the protein sequence without appreciable loss of interactive 
binding capacity with structures. Since it is the interactive 
capacity and nature of a protein that defines that protein's 
biological functional activity, certain amino acid sequence 
substitutions can be made in a protein sequence ( or, of course, 
its underlying DNA coding sequence) and nevertheless 
obtain a protein with similar inhibitory properties. It is thus 
contemplated by the inventors that various changes may be 
made in the sequence of ClfA inhibitor polypeptides or pep­
tides (or underlying DNA) without appreciable loss of their 
biological utility or activity. 
[0095] It is also well understood that where certain residues 
are shown to be particularly important to the biological or 
structural properties of a protein or peptide, e.g., residues in 
the binding site of an antibody, such residues may not gener­
ally be exchanged. 
[0096] Amino acid substitutions are generally based on the 
relative similarity of the amino acid side-chain substituents, 
for example, their hydrophobicity, hydrophilicity, charge, 
size, and the like. An analysis of the size, shape, and type of 
the amino acid side-chain substituents reveals that arginine, 
lysine, and histidine are all positively charged residues; that 
alanine, glycine, and serine are all a similar size; and that 
phenylalanine, tryptophan, and tyrosine all have a generally 
similar shape. Therefore, based upon these considerations, 
the following subsets are defined herein as biologically func­
tional equivalents: arginine, lysine, and histidine; alanine, 
glycine, and serine; and phenylalanine, tryptophan, and 
tyrosine. 
[0097] To effect more quantitative changes, the hydro­
pathic index of amino acids may be considered. Each amino 
acid has been assigned a hydropathic index on the basis of 
their hydrophobicity and charge characteristics, these are: 
isoleucine ( +4.5); valine ( +4.2); leucine ( +3.8); phenylala­
nine ( +2.8); cysteine/cystine ( +2.5); methionine ( + 1.9); ala­
nine ( + 1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); 
tryptophan (-0.9); tyrosine (-1.3); praline (-1.6); histidine 
(-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); 
asparagine (-3.5); lysine (-3.9); and arginine (-4.5). 
[0098] The importance of the hydropathic amino acid index 
in conferring interactive biological function on a protein is 
generally understood in the art (Kyte & Doolittle, 1982, 
incorporated herein by reference). It is known that certain 
amino acids may be substituted for other amino acids having 
a similar hydropathic index or score and still retain a similar 
biological activity. In making changes based upon the hydro­
pathic index, the substitution of amino acids whose hydro­
pathic indices are within ±2 is preferred, those which are 
within ±1 are particularly preferred, some, and those within 
±0.5 are even more particularly preferred. 
[0099] It is also understood in the art that the substitution of 
like amino acids can be made effectively on the basis of 
hydrophilicity, particularly where the biological functional 
equivalent protein or peptide thereby created is intended for 
use in immunological embodiments, as in the present case. 
U.S. Pat. No. 4,554,101, incorporated herein by reference, 
states that the greatest local average hydrophilicity of a pro­
tein, as governed by the hydrophilicity of its adjacent amino 
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acids, correlates with its immunogenicity and antigenicity, 
i.e. with a biological property of the protein. 
[0100] As detailed in U.S. Pat. No. 4,554,101, the follow­
ing hydrophilicity values have been assigned to amino acid 
residues: arginine ( +3.0); lysine ( +3.0); aspartate ( +3.0±1); 
glutamate (+3.0±1); serine (+0.3); asparagine (+0.2); 
glutamine ( +0.2); glycine (O); threonine (-0.4); praline (-0. 
5±1 ); alanine (-0.5); histidine (-0.5); cysteine (-1.0); 
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3. 
4 ). In making changes based upon similar hydrophilicity val­
ues, the substitution of amino acids whose hydrophilicity 
values are within ±2, ±1, or ±0.5 is contemplated. 
[0101] Some embodiments pertain to methods and compo­
sitions involving an inhibitor of ClfA, wherein the inhibitor is 
an antibody that binds ClfA. In addition to the ClfA antibod­
ies discussed below, other ClfA antibodies are available. 
These include mouse monoclonal antibodies, as well as chi­
meric and humanized versions such as those found in U.S. 
Pat. No. 6,979,446, which is hereby incorporated by refer­
ence. In some embodiments, it is specifically contemplated 
that a method or composition may include an antibody that 
contains sequences from any of the antibodies known as 12-9, 
13-2, 13-1, 35-220, 35-006, 12-9A, and35-052.1 in U.S. Pat. 
No. 6,979,446, which is hereby incorporated by reference. 
ClfA antibodies may also be any of those set forth in U.S. 
Patent Publication 20110020323 (referred to as SdrA anti­
bodies), which is specifically incorporated by reference. An 
example includes the rG 1 antibody, and derivatives thereof, 
which may be included in compositions and methods 
described herein. 
[0102] As used herein, the term "antibody" refers to any 
form of antibody or fragment thereof that exhibits the desired 
biological activity. Thus, it is used in the broadest sense and 
specifically covers monoclonal antibodies (including full 
length monoclonal antibodies), polyclonal antibodies, multi­
specific antibodies ( e.g., bispecific antibodies), and antibody 
fragments so long as they exhibit the desired biological activ­
ity-that is inhibition of ClfA activity. An antibody inhibitor 
may be considered a neutralizing antibody. 
[0103] Included within the definition of an antibody that 
binds ClfA is a ClfA antibody binding fragment. As used 
herein, the term "ClfA binding fragment" or "binding frag­
ment thereof' encompasses a fragment or a derivative of an 
antibody that still substantially retain its biological activity of 
inhibiting ClfA activity. Therefore, the term "antibody frag­
ment" or ClfA binding fragment refers to a portion of a full 
length antibody, generally the antigen binding or variable 
region thereof. Examples of antibody fragments include Fab, 
Fab', F(ab')2, and Fv fragments; diabodies; linear antibodies; 
single-chain antibody molecules, e.g., sc-Fv; and multispe­
cific antibodies formed from antibody fragments. Typically, a 
binding fragment or derivative retains at least 50% of its ClfA 
inhibitory activity. Preferably, a binding fragment or deriva­
tive retains about or at least about 60%, 70%, 80%, 90%, 
95%, 99% or 100% of its ClfA inhibitory activity. It is also 
intended that a ClfA binding fragment can include conserva­
tive amino acid substitutions that do not substantially alter its 
biologic activity. 
[0104] The term "monoclonal antibody", as used herein, 
refers to an antibody obtained from a population of substan­
tially homogeneous antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible 
naturally occurring mutations that may be present in minor 
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amounts. Monoclonal antibodies are highly specific, being 
directed against a single antigenic epitope. In contrast, con­
ventional (polyclonal) antibody preparations typically 
include a multitude of antibodies directed against ( or specific 
for) different epitopes. The modifier "monoclonal" indicates 
the character of the antibody as being obtained from a sub­
stantially homogeneous population of antibodies, and is not 
to be construed as requiring production of the antibody by any 
particular method. For example, the monoclonal antibodies to 
be used in accordance with the present invention may be made 
by the hybridoma method first described by Kohler et al. 
(197 5), or may be made by recombinant DNA methods ( see, 
e.g., U.S. Pat. No. 4,816,567). The "monoclonal antibodies" 
may also be isolated from phage antibody libraries using the 
techniques described in Clackson et al. (1991) and Marks et 
al. (1991), for example. A monoclonal antibody may be a 
mouse antibody or it may be a human antibody. 
[0105] As used herein, the term "humanized antibody" 
refers to forms of antibodies that contain sequences from 
non-human (e.g., murine) antibodies as well as human anti­
bodies. Such antibodies are chimeric antibodies which con­
tain minimal sequence derived from non-human immunoglo­
bulin. In general, the humanized antibody will comprise 
substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the hypervariable 
loops correspond to those of a non-human immunoglobulin 
and all or substantially all of the FR regions are those of a 
human immunoglobulin sequence. The humanized antibody 
optionally also will comprise at least a portion of an immu­
noglobulin constant region (Fe), typically that of a human 
immunoglobulin. 
[0106] Any suitable method for generating monoclonal 
antibodies may be used. For example, a recipient may be 
immunized with ClfA or a fragment thereof. Any suitable 
method of immunization can be used. Such methods can 
include adjuvants, other immunostimulants, repeated booster 
immunizations, and the use of one or more immunization 
routes. 
[0107] Any suitable source of ClfA can be used as the 
immunogen for the generation of the non-human antibody of 
the compositions and methods disclosed herein. Such forms 
include, but are not limited whole protein, peptide(s), and 
epitopes, generated through recombinant, synthetic, chemi­
cal or enzymatic degradation means known in the art. 
[0108] Any form of the ClfA antigen can be used to gener­
ate the antibody that is sufficient to generate a biologically 
active antibody. In some embodiments, the antigen or a ClfA 
fragment comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15, 16,17, 18, 19,20,21,22,23,24,25,26,27,28,29,30,31, 
32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48, 
49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65, 
66,67,68,69, 70, 71, 72,73, 74, 75, 76, 77,78, 79,80,81,82, 
83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99, 
100,101,102, 103,104,105, 106,107,108,109,110,111, 
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 
124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 
148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 
160,161,162, 163,164,165, 166,167,168,169,170,171, 
172,173,174, 175,176,177, 178,179,180,181,182,183, 
184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 
196,197,198,199,200,201,202,203,204,205,206,207, 
208,209,210,211,212,213,214,215,216,217,218,219, 
220,221,222,223,224,225,226,227,228,229,230,231, 
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232,233,234,235,236,237,238,239,240,241,242,243, 
244,245,246,247,248,249,250,251,252,253,254,255, 
256,257,258,259,260,261,262,263,264,265,266,267, 
268,269,270,271,272,273,274,275,276,277,278,279, 
280,281,282,283,284,285,286,287,288,289,290,291, 
292,293,294,295,296,297,298,299,300,301,302,303, 
304,305,306,307,308,309,310,311,312,313,314,315, 
316,317,318,319,320,321,322,323,324,325,326,327, 
328,329,330,331,332,333,334,335,336,337,338,339, 
340,341,342,343,344,345,346,347,348,349,350,351, 
352,353,354,355,356,357,358,359,360,361,362,363, 
364,365,366,367,368,369,370,371,372,373,374,375, 
376,377,378,379,380,381,382,383,384,385,386,387, 
388,389,390,391,392,393,394,395,396,397,398,399, 
400,401,402,403,404,405,406,407,408,409,410,411, 
412,413,414,415,416,417,418,419,420,421,422,423, 
424,425,426,427,428,429,430,431,432,433,434,435, 
436,437,438,439,440,441,442,443,444,445,446,447, 
448,449,450,451,452,453,454,455,456,457,458,459, 
460,461,462,463,464,465,466,467,468,469,470,471, 
472,473,474,475,476,477,478,479,480,481,482,483, 
484,485,486,487,488,489,490,491,492,493,494,495, 
496,497,498,499,500,501,502,503,504,505,506,507, 
508,509,510,511,512,513,514,515,516,517,518,519, 
520,521,522,523,524,525,526,527,528,529,530,531, 
532,533,534,535,536,537,538,539,540,541,542,543, 
544,545,546,547,548,549,550,551,552,553,554,555, 
556,557,558,559,560,561,562,563,564,565,566,567, 
568,569,570,571,572,573,574,575,576,577,578,579, 
580,581,582,583,584,585,586,587,588,589,590,591, 
592,593,594,595,596,597,598,599,600,601,602,603, 
604,605,606,607,608,609,610,611,612,613,614,615, 
616,617,618,619,620,621,622,623,624,625,626,627, 
628,629,630,631,632,633,634,635,636,637,638,639, 
640,641,642,643,644,645,646,647,648,649,650,651, 
652,653,654,655,656,657,658,659,660,661,662,663, 
664,665,666,667,668,669,670,671,672,673,674,675, 
676,677,678,679,680,681,682,683,684,685,686,687, 
688,689,690,691,692,693,694,695,696,697,698,699, 
700,710,720,730,740,750,760,770,780,790,800,810, 
820,830,840,850,860,870,880,890,900,910,920,930,or 
933 contiguous amino acids, or any range derivable therein, 
of SEQ ID NO:2. Alternatively, the antigen may be 60, 61, 62, 
63,64,65,66,67,68,69,70, 71, 72, 73, 74,75, 76, 77, 78, 79, 
80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96, 
97, 98, 99, 100%, or any range derivable therein, identical to 
SEQ ID NO:2 or to a fragment thereof. 

[0109] Thus, the eliciting antigen may be a single epitope, 
multiple epitopes, or the entire protein alone or in combina­
tion with one or more immunogenicity enhancing agents 
known in the art. The eliciting antigen may be an isolated 
full-length protein, a cell surface protein (e.g., immunizing 
with cells transfected with at least a portion of the antigen), or 
a soluble protein ( e.g., immunizing with only the extracellular 
domain portion of the protein). The antigen may be produced 
in a genetically modified cell. The DNA encoding the antigen 
may genomic or non-genomic (e.g., cDNA) and encodes at 
least a portion of the extracellular domain. As used herein, the 
term "portion" refers to the minimal number of amino acids or 
nucleic acids, as appropriate, to constitute an immunogenic 
epitope of the antigen of interest. Any genetic vectors suitable 
for transformation of the cells of interest may be employed, 
including but not limited to adenoviral vectors, plasmids, and 
non-viral vectors, such as cationic lipids. 
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[0110] c. Small Molecules 
[0111] Some embodiments concern ClfA inhibitors that are 
small molecules, which refers to a small compound that is 
biologically active but is not a polymer. It does refer to a 
monomer. 
[0112] 2. Thrombin Inhibitors 
[0113] In some embodiments, a ClfA inhibitor works in 
conjunction with a thrombin inhibitor. Thrombin inhibitors 
are compounds that inhibit coagulation by directly inhibiting 
thrombin. Blood clotting may be evaluated in a patient to 
establish a baseline level of activity and/or it may be evaluated 
after the patient has undergone some thrombin inhibitor 
therapy. Examples of thrombin inhibitors are described 
throughout this disclosure; they include, but are not limited 
to, argatroban, melagratran (or its prodrug ximelagatran), 
dabigatran, efegatran, and inogatran. 
[0114] The ecarin clotting time is the appropriate monitor­
ing test in some embodiments. In other embodiments, acti­
vated partial thromboplastin over time may be employed to 
evaluate anti-thrombin activity. Other tests are well known to 
those of skill in the art. 
[0115] Other related embodiments can be found in the 
Examples below. This test may be performed and the results 
may be provided to a clinician who can decide whether to 
place a patient on a particular therapy, continue a patient on a 
particular therapy, or change the particular drug to implement 
the therapy. 
[0116] Examples of univalent direct thrombin inhibitors 
include Argatroban, Ximelagatran, and Dabigatran etexilate. 
Some possible dosage regimens are provided below. 
[0117] With Argatroban, a patient may receive an initial 
dose of 1.9-2.1 µg/kg/min (though in some embodiments, the 
initial dose is lower) and a final dose of 1.6 (0.25-4.0) µg/kg/ 
min; during a median of 6 days of argatroban therapy, the 
patient may undergo 0, 1, 2, 3, 4, or 5 dosage adjustments 
using a median and mode incremental adjustment of 0.5 
µg/kg/min (5-95th percentile, 0.1-2.0 µg/kg/min). Incremen­
tal adjustments may decrease with decreasing current dose 
(e.g., median 0.25 µg/kg/min from doses of0.26-0.75 µg/kg/ 
min) See Verme-Gibboney et al., 2003, which is hereby incor­
porated by reference. 
[0118] In other embodiments involvingArgabatron, a bolus 
of 100 µg/kg of argatroban is given over 1 min followed by an 
infusion of either 1.0 µg/kg/min or 3.0 µg/kg/min. In another 
embodiment, Argatroban therapy is initiated at 2 µg kg per 
minute. A lower starting dose is possible because of the 
patient's medical condition, such as hepatic impairment. The 
aPTT may be determined 1-2 hours later, and the dose may be 
adjusted (up to 10 µg kg per minute maximum) until the aPTT 
is 1.5 to 3 times the baseline aPTT value (not to exceed 100 
seconds). Patients with HIT may receive argatro ban at a mean 
(SD) dose of 1.7 (1.0) µg kg per minute over a mean (SD) 
duration of 5.1 ( 4.2) days. 
[0119] For therapy involving Melagatran, in one embodi­
ment a patient receives single s.c. doses ofmelagatran (0.1-5 
mg); in other embodiments, 3 mg s.c. melagatran is adminis­
tered at 12-h intervals for 4 days (toxicity began at doses over 
5 mg). 
[0120] In additional embodiments, Ximelagatran may be 
dosed twice daily. Oral ximelagatran 36 mg twice daily may 
be employed. In other embodiments, there may be a daily 
dose of24 mg or 36 mg with treatment continuing for 7 to 12 
days. Alternatively, therapy may involve a single dose of 
subcutaneous melagatran 2 mg followed by melagatran 3 mg 
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subcutaneously after surgery and then oral ximelagatran 24 
mg twice daily for a total treatment duration of 8 to 11 days. 
In certain embodiments, the initial dose of melagatran may be 
administered prior to an invasive medical procedure such a 
surgery. 
[0121] In some embodiments, Dabigatran etexilate is 
administered in amounts at or above 12.5 mg and at or below 
300 mg twice daily. 
[0122] In some embodiments, efegatran sulphate is pro­
vided to a patient at levels of at least 0.63 mg/kg/hr to produce 
anti-thrombotic effect that is at least comparable to an acti­
vated partial thromboplastin time adjusted heparin infusion. 
[0123] In further embodiments, Efegatran may be provided 
to a patient at a dose level of 1.2 mg/kg/hr resulting in steady 
state mean activated partial thromboplastin time values of 
approximately three times baseline. A range of efegatran 
doses includes 0.63 to 1.2 mg/kg/hour. 
[0124] 3. General Pharmaceutical Compositions 
[0125] In some embodiments, pharmaceutical composi­
tions are administered to a subject. Different embodiments 
involve administering an effective amount of a composition 
to a subject. In some embodiments of the present invention, a 
composition comprising a ClfA inhibitor and thrombin 
inhibitor may be administered to the subject or patient to 
protect against or treat infection by one or more Staphylococ­
cus pathogens. Additionally, such compounds can be admin­
istered in combination with an antibiotic or another standard 
antibacterial therapy. Such compositions will generally be 
dissolved or dispersed in a pharmaceutically acceptable car­
rier or aqueous medium. 
[0126] The active compounds described herein can be for­
mulated for parenteral administration, e.g., formulated for 
injection via the intravenous, intramuscular, sub-cutaneous, 
or even intraperitoneal routes. The preparation of an aqueous 
composition that contains a compound or compounds that 
inhibit thrombin and/or ClfA will be known to those of skill in 
the art in light of the present disclosure. Typically, such com­
positions can be prepared as injectables, either as liquid solu­
tions or suspensions; solid forms suitable for use to prepare 
solutions or suspensions upon the addition of a liquid prior to 
injection can also be prepared; and, the preparations can also 
be emulsified. In addition to the compounds formulated for 
parenteral administration, other pharmaceutically acceptable 
forms include, e.g., aerosolizable, inhalable, or instillable 
formulations; tablets or other solids for oral administration; 
time release capsules; creams; lotions; mouthwashes; and the 
like. The preparation of an such formulations will be known 
to those of skill in the art in light of the present disclosure. 
[0127] In some embodiments, a formulation provides for 
the extended release of an active component. 
[0128] The pharmaceutical forms suitable for injectable 
use include sterile aqueous solutions or dispersions; formu­
lations including sesame oil, peanut oil, or aqueous propylene 
glycol; and sterile powders for the extemporaneous prepara­
tion of sterile injectable solutions or dispersions. In all cases 
the form must be sterile and must be fluid to the extent that it 
may be easily injected. It also should be stable under the 
conditions of manufacture and storage and must be preserved 
against the contaminating action of microorganisms, such as 
bacteria and fungi. 
[0129] The carrier also can be a solvent or dispersion 
medium containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid polyethylene 
glycol, and the like), suitable mixtures thereof, and vegetable 
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oils. The proper fluidity can be maintained, for example, by 
the use of a coating, such as lecithin, by the maintenance of 
the required particle size in the case of dispersion, and by the 
use of surfactants. The prevention of the action of microor­
ganisms can be brought about by various antibacterial and 
antifungal agents, for example, parabens, chlorobutanol, phe­
nol, sorbic acid, thimerosal, and the like. In many cases, it will 
be preferable to include isotonic agents, for example, sugars 
or sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compo­
sitions of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

[0130] Sterile injectable solutions are prepared by incorpo­
rating the active compounds in the required amount in the 
appropriate solvent with various of the other ingredients enu­
merated above, as required, followed by filtered sterilization. 
Generally, dispersions are prepared by incorporating the vari­
ous sterilized active ingredients into a sterile vehicle which 
contains the basic dispersion medium and the required other 
ingredients from those enumerated above. In the case of ster­
ile powders for the preparation of sterile injectable solutions, 
the preferred methods of preparation are vacuum-drying and 
freeze-drying techniques, which yield a powder of the active 
ingredient, plus any additional desired ingredient from a pre­
viously sterile-filtered solution thereof. 

[0131] As used herein, the term "pharmaceutically accept­
able" refers to those compounds, materials, compositions, 
and/or dosage forms which are, within the scope of sound 
medical judgment, suitable for contact with the tissues of 
human beings and animals without excessive toxicity, irrita­
tion, allergic response, or other problem complications com­
mensurate with a reasonable benefit/risk ratio. The term 
"pharmaceutically acceptable carrier," means a pharmaceuti­
cally acceptable material, composition or vehicle, such as a 
liquid or solid filler, diluent, excipient, solvent or encapsulat­
ing material, involved in carrying or transporting a chemical 
agent. The proteinaceous compositions may be formulated 
into a neutral or salt form. Pharmaceutically acceptable salts 
include the acid addition salts (formed with the free amino 
groups of the protein) and those which are formed with inor­
ganic acids such as, for example, hydrochloric or phosphoric 
acids, or such organic acids as acetic, oxalic, tartaric, man­
delic, and the like. Salts formed with the free carboxyl groups 
can also be derived from inorganic bases such as, for example, 
sodium, potassium, ammonium, calcium, or ferric hydrox­
ides, and such organic bases as isopropylamine, trimethy­
lamine, histidine, procaine and the like. 

[0132] The carrier also can be a solvent or dispersion 
medium containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid polyethylene 
glycol, and the like), suitable mixtures thereof, and vegetable 
oils. The proper fluidity can be maintained, for example, by 
the use of a coating, such as lecithin, by the maintenance of 
the required particle size in the case of dispersion, and by the 
use of surfactants. The prevention of the action of microor­
ganisms can be brought about by various antibacterial and 
antifungal agents, for example, parabens, chlorobutanol, phe­
nol, sorbic acid, thimerosal, and the like. In many cases, it will 
be preferable to include isotonic agents, for example, sugars 
or sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compo­
sitions of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 
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[0133] Sterile injectable solutions are prepared by incorpo­
rating the active compounds in the required amount in the 
appropriate solvent with various other ingredients enumer­
ated above, as required, followed by filtered sterilization. 
Generally, dispersions are prepared by incorporating the vari­
ous sterilized active ingredients into a sterile vehicle which 
contains the basic dispersion medium and the required other 
ingredients from those enumerated above. In the case of ster­
ile powders for the preparation of sterile injectable solutions, 
the preferred methods of preparation are vacuum-drying and 
freeze-drying techniques, which yield a powder of the active 
ingredient, plus any additional desired ingredient from a pre­
viously sterile-filtered solution thereof. 
[0134] Such compositions would normally be administered 
as pharmaceutically acceptable compositions that include 
physiologically acceptable carriers, buffers or other excipi­
ents. 
[0135] For parenteral administration in an aqueous solu­
tion, for example, the solution should be suitably buffered, if 
necessary, and the liquid diluent first rendered isotonic with 
sufficient saline or glucose. These particular aqueous solu­
tions are especially suitable for intravenous, intramuscular, 
subcutaneous, and intraperitoneal administration. In this con­
nection, sterile aqueous media which can be employed will be 
known to those of skill in the art in light of the present 
disclosure. For example, one dosage could be dissolved in 
isotonic NaCl solution and either added to hypodermoclysis 
fluid or injected at the proposed site of infusion, (see for 
example, Remington's Pharmaceutical Sciences, 1990). 
Some variation in dosage will necessarily occur depending on 
the condition of the subject. The person responsible for 
administration will, in any event, determine the appropriate 
dose for the individual subject. 
[0136] Some variation in dosage will necessarily occur 
depending on the condition of the subject. The person respon­
sible for administration will, in any event, determine the 
appropriate dose for the individual subject. An effective 
amount of therapeutic or prophylactic composition is deter­
mined based on the intended goal. The term "unit dose" or 
"dosage" refers to physically discrete units suitable for use in 
a subject, each unit containing a predetermined quantity of 
the composition calculated to produce the desired responses 
discussed above in association with its administration, i.e., 
the appropriate route and regimen. The quantity to be admin­
istered, both according to number of treatments and unit dose, 
depends on the effects desired. Precise amounts of the com­
position also depend on the judgment of the practitioner and 
are peculiar to each individual. Factors affecting dose include 
physical and clinical state of the subject, route of administra­
tion, intended goal of treatment (alleviation of symptoms 
versus cure), and potency, stability, and toxicity of the par­
ticular composition. 
[0137] Upon formulation, solutions will be administered in 
a manner compatible with the dosage formulation and in such 
amount as is therapeutically or prophylactically effective. 
The formulations are easily administered in a variety of dos­
age forms, such as the type of injectable solutions described 
above. 
[0138] Typically, for a human adult (weighing approxi­
mately 70 kilograms), from about 0.1 mg to about 3000 mg 
(including all values and ranges there between), or from about 
5 mg to about 1000 mg (including all values and ranges there 
between), or from about 10 mg to about 100 mg (including all 
values and ranges there between), of a compound are admin-
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istered. It is understood that these dosage ranges are by way of 
example only, and that administration can be adjusted 
depending on the factors known to the skilled artisan. 

[0139] In certain embodiments, a subject is administered 
about, at least about, or at most about 0.01, 0.02, 0.03, 0.04, 
0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 
0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, 
2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 
3.7. 3.8, 3.9, 4.0, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 5.0, 
5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 6.0, 6.1, 6.2, 6.3, 6.4, 
6.5, 6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 
7.9, 8.0, 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, 8.7, 8.8, 8.9, 9.0, 9.1, 9.2, 
9.3, 9.4, 9.5, 9.6, 9.7, 9.8, 9.9, 10.0, 10.5, 11.0, 11.5, 12.0, 
12.5, 13.0, 13.5, 14.0, 14.5, 15.0, 15.5, 16.0, 16.5, 17.0, 17.5, 
18.0, 18.5, 19.0. 19.5, 20.0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14,15, 16, 17, 18, 19,20,21,22,23,24,25,26,27,28,29, 
30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46, 
47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63, 
64,65,66,67,68,69, 70,71, 72, 73, 74, 75,76, 77, 78, 79,80, 
81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97, 
98,99, 100,105,110,115,120,125,130,135,140,145,150, 
155,160,165, 170,175,180, 185,190,195,200,205,210, 
215,220,225,230,235,240,245,250,255,260,265,270, 
275,280,285,290,295,300,305,310,315,320,325,330, 
335,340,345,350,355,360,365,370,375,380,385,390, 
395,400,410,420,425,430,440,441,450,460,470,475, 
480,490,500,510,520,525,530,540,550,560,570,575, 
580,590,600,610,620,625,630,640,650,660,670,675, 
680,690,700,710,720,725,730,740,750,760,770,775, 
780,790,800,810,820,825,830,840,850,860,870,875, 
880,890,900,910,920,925,930,940,950,960,970,975, 
980, 990, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 
1800,1900,2000,2100,2200,2300,2400,2500,2600,2700, 
2800,2900,3000,3100,3200,3300,3400,3500,3600,3700, 
3800,3900,4000,4100,4200,4300,4400,4500,4600,4700, 
4800, 4900, 5000, 6000, 7000, 8000, 9000, 10000 milligrams 
(mg) or micrograms (mcg or µg) or µg/kg or micrograms/kg/ 
minute or mg/kg/min or micrograms/kg/hour or mg/kg/hour, 
or any range derivable therein. 

[0140] It is contemplated that compositions of the invention 
may be administered to a patient within about 1, 2, 3, 4, 5, 10, 
15, 20, 25, 30, 35, 40, 45, 50, 55 minutes, 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 
hours, 1, 2, 3, 4, 5, 6, 7 days, 1, 2, 3, 4, 5 weeks, and/or 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12 months of being diagnosed with 
infection by Staphylococcus or of being at risk for Staphylo­
coccus infection (such as by being subject to an invasive 
medical procedure or about to be subject to an invasive medi­
cal procedure), or identified as having symptoms of Staphy­
lococcus infection. 

[0141] In certain embodiments, a course of treatment with 
both ClfA inhibitor and a thrombin inhibitor will last 1, 2, 3, 
4,5,6, 7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,21,22, 
23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39, 
40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56, 
57,58,59,60,61,62,63,64,65,66,67,68,69, 70, 71, 72, 73, 
74, 75, 76, 77, 78, 79,80,81,82,83,84,85,86,87,88,89,90 
days or more. It is contemplated that one agent may be given 
on day 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35, 
36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52, 
53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69, 
70, 71,72, 73, 74, 75, 76,77, 78, 79,80,81,82,83,84,85,86, 
87, 88, 89, and/or 90, any combination thereof, and another 
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agentisgivenonday 1,2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15,16,17, 18, 19,20,21,22,23,24,25,26,27,28,29,30,31, 
32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48, 
49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65, 
66,67,68,69, 70, 71, 72,73, 74, 75, 76, 77,78, 79,80,81,82, 
83, 84, 85, 86, 87, 88, 89, and/or 90, or any combination 
thereof. Within a single day (24-hour period), the patient may 
be given one or multiple administrations of the agent(s). 
Moreover, after a course of treatment, it is contemplated that 
there is a period of time at which no other treatment is admin­
istered. This time period may last 1, 2, 3, 4, 5, 6, 7 days, and/or 
1, 2, 3, 4, 5 weeks, and/or 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 
months or more, depending on the condition of the patient, 
such as their prognosis, strength, health, etc. 
[0142] In particular embodiments, compositions contain­
ing one or more inhibitors may be administered 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more 
times, and/or they may be administered every 1, 2, 3, 4, 5, 6, 
7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,21,22,23,24 
hours, or 1, 2, 3, 4, 5, 6, 7 days, or 1, 2, 3, 4, 5 weeks, or 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12 months, or any range or combi­
nation derivable therein. 
[0143] Another aspect of embodiments described herein is 
the administration of other therapies or vaccines in conjunc­
tion with a ClfA inhibitor and a thrombin inhibitor. Methods 
of administering immunoglobulins directed at bacterial anti­
gens to a recipient to prevent a staphylococcal infection can 
be considered a passive vaccine. Another aspect includes the 
use of active vaccines against staphylococcal infection in 
conjunction with inhibitors. Certain therapeutic methods 
include the administration of a therapeutic immunoglobulin 
or an antigen to stimulate or induce production of an immune 
response in a subject. A method of preparing an immunoglo­
bulin for use in prevention or treatment of staphylococcal 
infection comprises the steps of immunizing a recipient or 
donor with a vaccine and isolating immunoglobulin from the 
recipient or donor. In certain aspects an immunoglobulin can 
bind to a fibrinogen, fibrin, or ClfA. A pharmaceutical com­
position comprising an immunoglobulin, with or without 
other inhibitors, and a pharmaceutically acceptable carrier 
can be used in the manufacture of a medicament for the 
treatment or prevention of staphylococcal disease. A method 
for treatment or prevention of staphylococcal infection com­
prising a step of administering to a patient an effective amount 
of the pharmaceutical preparation of the invention is a further 
aspect. 
[0144] The antibodies can be isolated to the extent desired 
by well known techniques such as affinity chromatography 
(Harlow and Lane, 1988). Antibodies can include antiserum 
preparations from a variety of commonly used animals, e.g. 
goats, primates, donkeys, swine, horses, guinea pigs, rats or 
man. 
[0145] Any immunoglobulin, whether directed at any bac­
terial antigen and produced in accordance with the embodi­
ments discussed herein can include whole antibodies, anti­
body fragments or subfragments. Antibodies can be whole 
immunoglobulins of any class (e.g., IgG, IgM, IgA, IgD or 
IgE), chimeric antibodies or hybrid antibodies with dual 
specificity to two or more antigens of the invention. They may 
also be fragments (e.g., F(ab')2, Fab', Fab, Fv and the like) 
including hybrid fragments. An immunoglobulin also 
includes natural, synthetic, or genetically engineered proteins 
that act like an antibody by binding to specific antigens to 
form a complex. In the case of an immunoglobulin directed at 
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a component of agglutination, for example, ClfA, the immu­
noglobulin may bind to the ClfA and inhibit its activation or 
activity. 
[0146] A vaccine can be administered to a recipient who 
then acts as a source of immunoglobulin, produced in 
response to challenge from the specific vaccine. A subject 
thus treated would donate plasma from which hyperimmune 
globulin would be obtained via conventional plasma fraction­
ation methodology. The hyperimmune globulin would be 
administered to another subject in order to impart resistance 
against or treat staphylococcal infection. Hyperimmune 
globulins of the invention are particularly useful for treatment 
or prevention of staphylococcal disease in infants, immune 
compromised individuals, or where treatment is required and 
there is no time for the individual to produce antibodies in 
response to vaccination. 

B. EXAMPLES 

[0147] The following examples are given for the purpose of 
illustrating various embodiments of the invention and are not 
meant to limit the present invention in any fashion. One 
skilled in the art will appreciate readily that the present inven­
tion is well adapted to carry out the objects and obtain the 
ends and advantages mentioned, as well as those objects, ends 
and advantages inherent herein. The present examples, along 
with the methods described herein are presently representa­
tive of certain embodiments, are provided as an example, and 
are not intended as limitations on the scope of the invention. 
Changes therein and other uses which are encompassed 
within the spirit of the invention as defined by the scope of the 
claims will occur to those skilled in the art. 

Example 1 

Materials and Methods for Examples 2 

[0148] Animal experiments.Animal experiments involving 
S. aureus challenge followed protocols that were reviewed, 
approved and performed under the regulatory supervision of 
The University of Chicago's Institutional Biosafety Commit­
tee (IBC) and the Institutional Animal Care and Use Com­
mittee (IACUC). Animals were managed by the University of 
Chicago Animal Resource Center, which is accredited by the 
American Association for Accreditation of Laboratory Ani­
mal Care and the Department of Health and Human Services 
(DHHS number A3523-01). Animals were maintained in 
accordance with the applicable portions of the Animal Wel­
fare Act and the DHHS "Guide for the Care and Use of 
Laboratory Animals". Veterinary Care was under the direc­
tion of full-time resident veterinarians boarded by the Ameri­
can College of Laboratory Animal Medicine. BALB/c mice 
and New Zealand white rabbits were purchased from Charles 
River Laboratories and Harlan Sprague Dawley, respectively. 
After confirming that the data sets abide by a normal distri­
bution, the statistical analysis of staphylococcal sepsis was 
analyzed using the two-tailed logrank test. Quantification of 
mouse heart tissue histopathology was analyzed for statistical 
significance using the unpaired two-tailed Student's t-test. 
The bacterial load (CFU) in heart tissue from mice infected 
with staphylococcal variants was analyzed with the Mann 
Whitney test. The results of all animal experiments were 
examined for reproducibility. 
[0149] Bacterial strains and growth of cultures. S. aureus 
strains Newman (Baba et al., 2007), USA300 LAC (Diep et 
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al., 2006), MW2 (Baba et al., 2002) and N315 (Kuroda et al., 
2001) were cultured on tryptic soy agar or broth at 3 7° C. E. 
coli strains DH5a and BL21 (DE3) were cultured on Luria 
Bertani agar or broth at 37° C. Ampicillin (100 ng/ml) and 
chloramphenicol (10 ng/ml) were used for pETl 5b and pOS 1 
selection (Schneewind et al., 1993), respectively. 
[0150] Transposon Mutants and Plasmids. 
[0151] Insertional mutations carrying the bursa aurealis 
transposon with an erthyromycin resistance cassette from the 
Phoenix library (Bae et al., 2004) were transduced with bac­
teriophage into S. aureus Newman or the coa/vwb mutant 
(Cheng et al., 2010). Mutations were verified by PCR with 
specific primer pairs for 
[0152] coa 
[0153] CGCGGATCCATAGTAACAAAGGATTAT-
AGTGGGAAATCACAAG (SEQ ID NO:3) and 
TCCCCCGGGTTATTTTGTTACTCTAGGC­
CCATATGTCGC (SEQ ID NO:4) 
[0154] vwb 
[0155] CGCGGATCCGTGGTTTCTGGGGAGAA­
GAATCC (SEQ ID NO:5) and TCCCCCGGGTTTGCAGC­
CATGCATTAATTATTTGCC (SEQ ID NO:6) and 
[0156] clfA 
[0157] CGCGGATCC-AAGGTCAAATCGACCGTT 
(SEQ ID NO:7) and CGGGGTACC-TTATTTCTTATCTT­
TATTTTCTTTTTTTC (SEQ ID NO:8) as well as by immu­
noblotting with specific rabbit antibodies (Cheng et al., 201 0; 
Stranger-Jones et al., 2006). Complementing plasmids pcoa­
vWbp and pclfA were described previously (Cheng et al., 
2010; DeDent et al., 2008). Forimmunoblot analysis, 1 mL of 
staphylococcal overnight cultures grown in tryptic soy broth 
(Difeo) were centrifuged at 8,000xg for 3 min in a table top 
centrifuge and the supernatant was recovered. Proteins in 
culture supernatants were precipitated with 10% trichloro­
acetic acid on ice for 20 minutes. Pellets were washed once in 
1 mL TSM(l00mMTris-HCl,pH7.5, 0.5 Msucrose, l0mM 
MgC12), suspended in 500 TSM, incubated with 50 rig lyso­
staphin for 15 minutes at 3 7° C. for 15 minutes. 10% TCA was 
added and samples were incubated on ice for 10 min. All 
samples were centrifuged and washed with 1 mL ice-cold 
100% acetone. Samples were air dried and solubilized in 75 
sample buffer (4% SDS, 50 mM Tris-HCl, pH 8.0, 10% 
glycerol, and bromophenol blue). 
[0158] Scanning electron microscopy. Staphylococcal 
strains were grown to mid-log phase (OD600 0.5), washed 
twice and suspended in PBS to a final OD600 1. Bacteria were 
mixed with EDTA-chelated rabbit plasma (1 : 1) and incubated 
for 15 minutes. Samples were fixed for 60 minutes in 2% 
glutaraldehyde in phosphate buffered saline (PBS) at room 
temperature onto freshly prepared poly-L-lysine coated glass 
coverslips. Samples were washed twice with PBS and subse­
quently serially dehydrated by consecutive incubations in 
25% and 50% ethanol/PBS, 75% and 90% ethanol/H2O, 
2x100% ethanol, followed by 50% ethanol/hexamethyldisi­
lazane (HDMS) and finally with 100% HDMS. After over­
night evaporation of HDMS at room temperature, samples 
were mounted onto specimen mounts (Ted Pella, Inc.) and 
coated with 80% Pt/20% Pd to 8 nm using a Cressington 
208HR Sputter Coater at 20 mA prior to examination with a 
Fei Nova NanoSEM 200 scanning electron microscope. The 
SEM was operated with an acceleration voltage of 5 kV and 
samples were viewed at a distance of 5 mm. 
[0159] Protein purification. E. coli BL21(DE3) harboring 
expression vectors containing coa, vwb, or clfA were grown 
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at37° C. and induced with 1 mMIPTGaftertwo hours. Three 
hours following induction, cells were centrifuged at 7,000xg, 
suspended in colunm buffer (0.1 M Tris-HCl, pH 7.5, 0.5 M 
NaCl) and lysed in a French pressure cell at 14,000 lb/in2. 
Lysates were subjected to ultracentrifugation at 40,000xg for 
30 min and the supernatant was subjected to Ni-NTA chro­
matography, washed with colunm buffer containing 10 mM 
imidazole, followed by elution with 500 mM imidazole. Elu­
ates were dialyzed against PBS. To remove endotoxin, 1: 100 
Triton-X114 was added and the solution was chilled for 10 
min, incubated at 37° C. for 10 min, and centrifuged at 
13,000xg. This was repeated twice. Supernatant was loaded 
onto a HiTrap desalting colunm to remove renmants ofTri­
ton-Xl 14. Purity was verified by SDS-PAGE analysis and 
Coomassie Brilliant Blue staining. 

[0160] Rabbit antibodies. Protein concentration was deter­
mined using a BCA kit (Pierce). Purity was verified by SDS­
PAGE analysis and Coomassie Brilliant Blue staining. Six 
month old New-Zealand white female rabbits were immu­
nized with 500 µg protein emulsified in CFA (Difeo) for 
initial immunization or IFA for booster immunizations on day 
24 and 48. On day 60, rabbits were bled and serum recovered 
for immuno blotting or passive transfer experiments. For anti­
body purification, recombinant His6-Coa (Cheng et al., 
2010), His6-vWbp (Cheng et al., 2010), or His6-ClfA (5 mg) 
(Strange-Jones et al., 2006) was covalently linked to HiTrap 
NHS-activated HP colunms (GE Healthcare). This antigen­
matrix was then used for affinity chromatography of 10-20 ml 
ofrabbit serumraisedagainstCoa(Chengetal., 2010), vWbp 
(Cheng et al., 2010) or ClfA at 4° C. Charged matrix was 
washed with 50 colunm volumes of PBS, antibodies eluted 
with elution buffer (1 M glycine pH 2.5, 0.5 M NaCl) and 
immediately neutralized with 1 M Tris-HCl, pH 8.5. Purified 
antibodies were dialyzed overnight against PBS, 0.5 M NaCl 
at 4° C. 

[0161] Agglutination assay. Overnight cultures of staphy­
lococcal strains were washed in 1 mL 0.85% NaCl and sus­
pended to a final concentration ofOD600 4.0 in 1 mL. Bac­
teria were incubated with 1:500 Syto9 (Invitrogen) for 15 
minutes, washed with 1 mL 0.85% NaCl, and suspended in 1 
mL saline. Bacteria were mixed 1: 1 with EDTA-chelated 
rabbit plasma (Becton, Dickinson) on a glass microscope 
slide and incubated for 15 minutes. Samples were viewed and 
images captured on an Olympus Provis microscope using a 
40x objective. For quantification ofagglutination, plasma and 
bacteria were inoculated onto polystyrene C-Chip disposable 
hemocytometer slides (IN-CYTO). Brightfield images from 
sixteen fields of view were taken of bacterial strains using a 
Nikon TE2000U with a 20x objective. To determine the 
degree of agglutination, 12-20 random fields of were viewed 
and fluorescent micrographs acquired. For analysis, the larg­
est aggregate in each field of view was outlined in ImageJ and 
the area of that aggregate measured. Mean area of S. aureus 
aggregates were determined and normalized by subtracting 
Newman in saline without plasma from all values. Percent 
agglutination was calculated by normalizing all mean inten­
sity values to S. aureus Newman in plasma. To assess the 
inhibitory affect of antibodies on agglutination, affinity-pu­
rified polyclonal antibodies were incubated with staphylo­
cocci to a final concentration of 3 µM for 10 minutes prior to 
mixture with plasma. Fold change in agglutination was cal­
culated as the ratio of mean bacterial aggregation area in the 
presence of antibody compared to control. Statistical signifi­
cance, P<0.05, was determined by one way analysis ofvari-
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ance (ANOVA), with Dunnett's multiple comparison analy­
sis for post-hoc testing using GraphPad Prism software. To 
assess the inhibitory affect of argatroban on agglutination, 
argatroban was diluted 1:10 and 1:100 in plasma and incu­
bated for 10 minutes prior to mixture with bacteria. Percent 
agglutination was measured compared to bacteria in plasma 
without argatroban. For experiments using S. aureus N315 
and MW2, agglutination was measured as percent change in 
OD550 following two hours incubation of bacteria with 
saline containing argatroban (1 mg/mL), plasma, or plasma 
containing argatroban (1 mg/mL). Error bars represent stan­
dard error of the mean from at least three independent experi­
ments to ensure reproducibility. 

[0162] Sepsis. Overnight cultures of staphylococcal strains 
were diluted 1: 100 into fresh TSB and grown until they 
reached an OD600 of 0.4. Bacteria were centrifuged at 
7,000xg, washed, and suspended in the one-tenth volume of 
PBS. Six week-old female BALB/c mice (n=15) (Charles 
River) were injected retro-orbitally with lx108 CFU (S. 
aureus Newman, MW2, andN315) or 5x107 CFU (S. aureus 
USA300) suspensions in 100 µl of PBS. Mice were monitored 
for survival over 10 days. To enumerate staphylococcal load 
in heart tissue twelve hours post-infection, mice were eutha­
nized by CO2 asphyxyation and hearts were removed during 
necropsy. Heart tissue was homogenized in PBS, 0.1 % Triton 
X-100. Serial dilutions of homogenate were spread on TSA 
and incubated for colony formation. The bacterial load in 
organ tissue was analyzed in pairwise comparisons between 
wild-type and mutant strains with the unpaired two-tailed 
Student's t-test. For histopathology, mice infected with S. 
aureus were euthanized 12 hours after infection. Hearts were 
removed during necropsy and fixed in 10% formalin for 24 
hours at room temperature. Tissues were embedded in paraf­
fin, thin-sectioned, stained with hematoxylin and eosin, and 
examined by light microscopy to enumerate pathological 
lesions per organ. Data were analyzed in pairwise compari­
sons between wild-type and mutant strains with the unpaired 
two-tailed Student's t-test. For immunohistochemical analy­
sis, thin-sectioned heart tissues were stained with polyclonal 
antibodies against mouse prothrombin (Haematologic Tech­
nologies) or mouse fibrinogen (Haematologic Technologies). 

[0163] ClfA binding to fibrinogen and fibrin. MaxSorb 
96-well ELISA plates (Nurre) were coated with human 
fibrinogen (Sigma) overnight. Wells were washed and solu­
tions of PBS or alpha-thrombin (Innovative Research), 100 
nM in 1 % sodium-citrate/PBS were added for one hour at 
room temperature to generate fibrinogen and fibrin wells 
respectively. As controls, the same conditions were generated 
in Eppendorf tubes. Following incubation with or without 
alpha-thrombin, samples were centrifuged at 13,000xg for 10 
min and supernatants were recovered. The sediment was dis­
solved in 8 M urea. Running buffer (3M urea, 4% SDS, 10% 
BME) was added 1: 1. Proteins in supernatants and pellets 
were separated by SDS-PAGE (15%) and stained with Coo­
massie Brilliant Blue to analyze soluble fibrinogen in the 
supernatant fraction and fibrin in the sediment. Purified 
recombinant ClfA in 1 % sodium-citrate was added at increas­
ing concentrations to 96-well plates and incubated for one 
hour. Samples were incubated with polyclonal anti-ClfA (1: 1, 
000) to detect bound-ClfA followed by goat anti-rabbit-HRP 
(1:10,000). The wells were developed using an OptEIA kit 
(BD Lifesciences) and absorbance at 450 nm was measured. 
Non-linear regression assuming one-site saturation kinetics 
was performed using GraphPad Prism. 
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[0164] Active immunization. Three week-old BALB/c 
mice (n=l0) were injected with 50 µg protein emulsified in 
100 µl complete Freund's adjuvant. Eleven days post vacci­
nation these mice were boosted with 50 µg protein each 
emulsified in 100 µl incomplete Freund's adjuvant. On day 
21, mice were injected with lx108 CFU of S. aureus chal­
lenge strains. 
[0165] Passive transfer of antibodies. Six hours prior to 
infection, six week old BALB/c mice (n=15) were injected 
intraperitoneally with antibody doses of 5 mg/kg body 
weight. Polyclonal antibodies were affinity purified on anti­
gen-coupled resin and affinity purified Vl0 (LcrV plague 
antigen) rabbit antibodies were used as control. Control mice 
(n=5) that received the same antibody via passive transfer 
were anesthetized and bled retro-orbitally at the time of infec­
tion and again at the end of the experiment. Blood was col­
lected using micro-hematocrit capillary tubes (Fisher) in 
Z-Gel microtubes (Sarstedt). Tubes were centrifuged at 
8,000xg for three minutes, and serum was collected. Anti­
body titer was measured by ELISA as previously described 
(Kim et al., 2010). Time to death statistical significance was 
assessed using the Logrank Test. P<0.01. 
[0166] Coagulase activity. Purified recombinant Coa or 
vWbp (100 nM) were mixed with human prothrombin (Inno­
vative Research) in 1 % sodium-citrate/PBS. After an initial 
reading, fibrinogen (3 µM) (Sigma) was added and conver­
sion of fibrinogen to fibrin was measured as an increase in 
turbidity at 450 nm in a plate reader (BioTek) at 2.5 min 
intervals. As controls, the enzymatic activity of human alpha­
thrombin (Innovative Research) or prothombin alone were 
measured. Argatroban (200 ng, Novaplus) was added to reac­
tions prior to the addition of fibrinogen. 
[0167] Dabigatran etexilate treatment. Dabigatran (Boe­
hringer Ingelheim) tablets were dissolved in 0.9 N saline and 
doses of 10 mg/kg in 100 µL were administered. Mice (n= 15) 
were injected intraperitoneally starting 24 hours prior to 
infection and continuing every twelve hours during the course 
of the infection. Control mice received injections of 0.9 N 
saline. To measure dilute thrombin time, mice (n=5) received 
saline or dabigatran treatment and were euthanized by CO2 
asphyxiation at the time of infection. Blood was drawn by 
cardiac puncture, diluted in sodium-citrate (1 % ), centrifuged 
at 1,500xg for 5 minutes, and plasma diluted in pooled fresh 
human plasma 1:6. Thrombin time was measured on a STA-R 
analyzer (Diagnostica Stago ). 

Example 2 

Surface Proteins Contribute to Staphylococcal Sepsis 

[0168] The inventors previously developed an animal 
model to examine the genetic requirements for staphylococ­
cal sepsis (Kim et al., 2010). Briefly, S. aureus Newman, 
lx108 CFU, is injected into the retro-orbital plexus of 
BALB/c mice, resulting in 100% lethality over a ten day 
observation period (Kim et al., 2010). This model was used to 
examine the contribution of secreted coagulases to staphylo­
coccal sepsis ( Cheng et al., 2010 ). S. aureus Newman mutants 
lacking the coa and vwb genes displayed increased time-to­
death and increased survival phenotypes ( Cheng et al., 2010) 
(Table 1 ). Earlier work identified sortaseA (SrtA), an enzyme 
that links surface proteins to the staphylococcal cell wall 
envelope (Mazmanian et al., 1999), as an essential virulence 
factor for sepsis (Kim et al., 2010). Nevertheless, these stud­
ies left unresolved which surface protein(s) play a key role in 
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this disease process. S. aureus mutants with insertional 
lesions in any one of eighteen surface protein genes (Bae et 
al., 2004) were tested for their role in sepsis (Table 1 ). These 
experiments identified clumping factor A (ClfA) as the single 
most important contributor (Table 1 ). Although mutations in 
clfA diminished the severity of clinical disease and improved 
the outcome of sepsis, clfA mutants retained significant viru­
lence and were still capable ofkilling infected animals, unlike 
srtA variants (Table 1). 

TABLE 1 

Surface protein genes and their contribution to S. aureus sepsis 

Median survival time 
Genotype P values (hours ± SEM) 

wild-type 24 (1.6) 
srtA <0.0001 >240 
sasF 1.000 24 (1.6) 
sdrC 0.5416 24 (1.2) 
sdrD 0.5416 24 (1.2) 
sasD 0.3415 24 (2.0) 
isdA 0.3116 24 (1.8) 
sasG 0.1462 24 (0) 
clfB 0.0888 24 (1.2) 
sdrE 0.0888 24 (4.8) 
isdH 0.0143 24 (2.0) 
isdB 0.0243 30 (3.2) 
sasA 0.0004 36 (7.3) 
isdC <0.0001 36 (1.2) 
vwb <0.0001 36 (2.6) 
fnbpA 0.0004 48 (5.5) 
sasB <0.0001 48 (7.4) 
sasC 0.0011 54 (8.8) 
fnbpB <0.0001 60 (8.0) 
coa <0.0001 72 (12.5) 
adsA <0.0001 96 (16.7) 
clfA <0.0001 120 (15.3) 

[0169] BALB/c mice were infected by retro-orbital injec­
tion with lx108 CFU of S. aureus Newman or its variants 
with insertional lesions in either sortaseA (srtA) or any one of 
eighteen genes encoding sortaseA-anchored surface proteins 
or the two coagulase genes, coa and vwb. Median survival 
time represents the time at which 50% of infected mice 
(n=l0) exhibited lethal disease. Statistical significance was 
determined by the two-tailed logrank test. Data are represen­
tative of two independent experiments. 

Example 3 

Genetic Requirements for Staphylococcal 
Agglutination 

[0170] S. aureus Newman mutants with defined genetic 
lesions (Base et al., 2004) were screened for defects in agglu­
tination (FIG. lA). Mutations that abrogated the secretion of 
only one of the two coagulases, Coa (Kaida et al., 1987) or 
vWbp (Bjerketorp et al., 2002), had little or no effect on 
agglutination (FIG. lAB). In contrast, a mutant lacking both 
genes ( coa/vwb) was severely impaired for agglutination, 
similar to a clfA variant (FIG. lAB). A mutant lacking all 
three genes----coa, vwb, and clfA-was unable to agglutinate 
in plasma (FIG. lAB). Mutants with insertional lesions in 
other known fibrinogen binding proteins, efb (Palma et al., 
1996; Palma et al., 1998) andclfB (Ni Eidhinet al., 1998), did 
not cause large defects in agglutination (FIG. lAB). The 
phenotypic agglutination defects of coa/vwb as well as clfA 
mutants could be restored by transformation of staphylococci 
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with pcoa-vwb and pclfA, respectively, plasmids encoding 
wild-type alleles to the corresponding mutational lesions 
(FIG. lC). Thus, unlike ClfA-mediated clumping of staphy­
lococci via binding to fibrinogen (McDevitt et al., 1994), S. 
aureus agglutination appears to be a multi-factorial process 
involving coagulases, ClfA, as well as fibrinogen and pro­
thrombin (Birch-Hirschfeld, 1934). 

Example 4 

Staphylococcal Agglutination in Septic Mice 

[0171] To test whether staphylococcal agglutination 
occurred in mice with sepsis, the hearts of animals that had 
succumbed to S. aureus Newman challenge were examined 
for histopathology (FIG. 2). Deposits of large numbers of 
staphylococci, mostly without immune cell infiltrates, were 
identified in hematoxylin-eosin stained heart tissue twelve 
hours after infection (FIG. 2A-D). The appearance of these 
staphylococcal agglutinations is consistent with the general 
concept of thromboembolic deposition of S. aureus during 
sepsis (Hawigeretal., 1975) (FIG. 2A). Immuno-histochemi­
cal staining was used to detect specific agglutination factors 
(FIG. 2E). These experiments identified prothrombin and 
fibrinogen (fibrin) in the immediate vicinity of staphylococ­
cal agglutinations (FIG. 2E). In agreement with the hypoth­
esis that agglutination contributes to the pathogenesis of sep­
sis, fewer heart lesions were observed when mice were 
challenged with either clfA or coa/vwb variants (FIG. 3). Of 
note, heart tissues of animals necropsied twelve hours after 
intravenous challenge harbored considerable loads of staphy­
lococci, irrespective of the challenge strain. Nevertheless, 
histopathology features of heart lesions associated with clfA 
or coa/vwb variants revealed immune cell infiltrates in the 
absence of staphylococcal agglutinations (FIG. 3B). A 
mutant lacking all three agglutination factors----clfA, coa and 
vwb-failed to generate either immune cell infiltrates or S. 
aureus agglutinations in heart tissues (FIG. 3 B) and appeared 
avirulent in the mouse sepsis model (FIG. 3C). 

Example 5 

Clumping Factor A Tethers Staphylococci to Fibrin 
Cables 

[0172] Staphylococcal agglutination requires coagulase 
catalyzed conversion offibrinogen to fibrin as well as ClfA­
mediated attachments. If so, ClfA may bind not only fibrino­
gen but also fibrin. This prediction was tested by measuring 
the binding of purified recombinant ClfA to either fibrinogen 
or fibrin immobilized in wells of polystyrene plates (FIG. 
4A). Using non-linear regression analyses, we calculated a 
dissociation constant (Kd) of 395.2 nM (±51.82) for ClfA 
binding to fibrinogen, comparable to earlier affinity measure­
ments (McDevitt et al., 1997). The Kd of ClfA binding to 
fibrin was calculated as 661.9 nM (±80.32), which is not 
significantly different from the affinity of ClfA for fibrinogen 
(FIG. 4A). To further investigate S. aureus Newman interac­
tions with fibrin, staphylococci were examined by scanning 
electron microscopy (SEM), which revealed agglutinated 
wild-type bacteria enmeshed in fibrin cables (FIG. 4B). SEM 
analysis of the staphylococcal variants coa/vwb and coa/vwb/ 
clfA identified bacteria without fibrin cables (FIG. 4B). The 
clfA mutant continued to convert fibrinogen to fibrin, how­
ever clfA variant staphylococci did not agglutinate with fibrin 
cables (FIG. 4B). Plasmids pcoa-vwb and pclfA comple-
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mented the phenotypes caused by mutations in the corre­
sponding genes and restored staphylococcal agglutination to 
wild-type levels (FIG. 4B). These data are in agreement with 
our general hypothesis that Coa/vWbp-derived fibrin cables 
provide a tether for ClfA-mediated staphylococcal agglutina­
tion (FIG. 4B). 

Example 6 

Antibodies that Prevent Staphylococcal 
Agglutination and Sepsis 

[0173] To further explore the contributions of Coa, vWbp 
and ClfA to staphylococcal agglutination, we raised rabbit 
antibodies against affinity purified recombinant proteins 
(Cheng et al., 2010; Stranger-Jones et al., 2006). Affinity 
purified rabbit antibodies specific for Coa, vWbp or ClfA 
inhibited S. aureus Newman agglutination in plasma (FIG. 
4C). Passive transfer ofClfA-specific rabbit antibodies (85 µg 
purified antigen-specific IgG) into the peritoneal cavity of 
mice reduced the deposition of S. aureus Newman agglutina­
tions in heart tissues of infected animals (FIG. SA). Active 
immunization of mice with purified Coa and vWbp or ClfA 
raised specific IgG antibodies and reduced the frequency of 
heart lesions in animals challenged for twelve hours with 
wild-type S. aureus Newman (FIG. 5B). In particular, the 
abundance of staphylococcal agglutinations without immune 
cell infiltrates was reduced (FIG. 5B). Active immunization 
of mice with all three antigens-Coa, vWbp and ClfA­
eliminated staphylococcal agglutination in heart tissues and 
caused the largest reduction of all types of pathological 
lesions (FIG. 5B). Similar to Coa- and vWbp-specific immu­
noglobulin (Cheng et al., 2010), passive transfer of ClfA­
specific rabbit antibodies into the peritoneal cavity of mice 
increased the survival time in the sepsis model of infection 
(FIG. 4D). These data corroborate the concept that ClfA­
specific antibodies can improve the outcome of S. aureus 
Newman sepsis (Hall et al., 2003). 

Example 7 

Direct Thrombin Inhibitors and Staphylococcal 
Sepsis 

[0174] Univalent direct thrombin inhibitors, e.g. arga­
troban and dabigatran, inhibit the proteolytically active Coa­
prothrombin complex (Hijikata-Okunomiya and Kataoka, 
2003; Vanassche et al., 2010). The inventors examined 
whether these inhibitors also block the catalytic activity of 
vWbp-prothrombin. As a control, conversion offibrinogen to 
fibrin by thrombin was monitored as an increase in sample 
absorbance at 450 nm. Compared to a mock control, this 
reaction was blocked with 200 ng argatroban (FIG. 6A). 
Treatment of fibrinogen with either Coa-prothrombin or 
vWbp-prothrombin led to fibrin conversion, whereas incuba­
tion with prothrombin alone did not (FIG. 6A). Incubation of 
both Coa-prothrombin or vWb-prothrombin with 200 ng 
argatroban blocked the conversion of fibrinogen to fibrin 
(FIG. 6A). Argatroban treatment also interfered with the 
agglutination of S. aureus Newman in plasma (FIG. 6B). 
[ 017 5] To evaluate the efficacy of direct thrombin inhibitors 
on the outcome of S. aureus Newman sepsis, mice received 
intraperitoneal injections with 10 mg/kg dabigatran-etexilate 
in 12 hour intervals. Dabigatran-etexilate is converted in 
mammalian tissues to its active form, dabigatran, which acts 
as a direct inhibitor ofthrombin (Haul et al., 2002). To assess 
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dabigatran activity, mouse blood samples were drawn by 
cardiac puncture and the dilute thrombin time was deter­
mined (FIG. 9 ). Fallowing challenge of mice via blood stream 
injection of lx108 CFU S. aureus Newman, mock treated 
animals died of sepsis within 60 hours post challenge (FIG. 
6C). In contrast, dabigatran-etexilate treated animals sur­
vived up to 132 hours, albeit that all animals in this cohort 
eventually succumbed to the challenge (FIG. 6C). To deter­
mine whether direct thrombin inhibitors specifically block 
Coa and vWbp, mock or dabigatran-etexilate treated animals 
were challenged with the S. aureus coa/vwb mutant. In these 
experiments, dabigatran-etexilate treatment had no effect on 
survival or time-to-death (FIG. 6C). Mock or dabigatran­
etexilate treated mice were also infected with lethal doses of 
S. aureus USA300 LAC, the current clone responsible for the 
epidemic of community-acquired MRSA infections in the 
United States (DeLeo eta!., 2010). Dabigatran-etexilatetreat­
ment prolonged the survival of septic mice (FIG. 6D). 

Example 8 

Inhibiting Multiple Staphylococcal Factors Improves 
the Outcome of Sepsis 

[0176] If clfA, coa and vwb act together to promote S. 
aureus Newman agglutination, dabigatran-etexilate treat­
ment would be expected to improve the outcome of sepsis 
caused by clfA mutant staphylococci (FIG. 7A). Indeed, 
dabigatran-etexilate treatment increased the survival and 
time-to-death of mice with sepsis caused by clfA mutant S. 
aureus compared to a control strain harboring the comple­
menting plasmid pclfA (FIG. 7 A). Dabigatran-etexilate treat­
ment further improved the disease outcome of animals chal­
lenged with clfA mutant staphylococci compared to a cohort 
of mock treated mice (FIG. 7A). Injection of clfA mutants 
carrying pclfA into the blood stream of mice resulted in 
reduced time-to-death compared to the wild-type parent, S. 
aureus Newman (FIG. 7A). Nevertheless, animals infected 
with the clfA (pclfA) variant also benefited from dabigatran­
etexilate treatment (FIG. 7A). 

[0177] To test whether combining dabigatran-etexilate and 
ClfA-specific antibodies can improve the outcome of staphy­
lococcal sepsis, animals received both treatments followed by 
challenge with a lethal dose of S. aureus (FIG. 7B). As com­
pared to mock-treated animals or mice receiving either 
dabigatran or ClfA-specific antibodies, the combination of 
dabigatran and ClfA-specific antibodies led to increased 
time-to-death and survival of staphylococcal sepsis (FIG. 
7BC). 

[0178] Whether the use of thrombin inhibitors and ClfA­
specific antibodies could aid in the prevention of sepsis 
caused by clinical S. aureus isolates was evaluated. To test 
this, the community-acquired MRSA isolate MW2, which 
was isolated from a fatal case of septicemia (Baba et al., 
2002), as well as the hospital-acquired MRSA isolate N315 
(Kuroda et al., 2001) were used. S. aureus strains N315 and 
MW2 both agglutinated when suspended in EDTA-plasma 
(FIG. SA). These reactions were inhibited by treatment with 
argatroban (FIG. SA) or with ClfA-specific antibodies (FIG. 
8B). Treatment of mice with both dabigatran and ClfA-spe­
cific antibodies led to increased time-to-death during sepsis 
caused by either S. aureus N315 or S. aureus MW2 (FIG. 
SCD). In contrast, the use of either dabigatran or ClfA-spe-
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cific antibodies alone did not prolong the survival of mice 
receiving a lethal challenge of S. aureus N315 or S. aureus 
MW2 (FIG. 8CD). 

Example 9 

Treatment with Dabigatran-Etexilate Reduces 
Staphylococcal Agglutination in Heart Tissues 

During Sepsis 

[0179] The effect of dabigatran-extilate on heart tissue 
infected with S. aureus Newman was evaluated using histo­
pathology. Dabigatran-extilate reduced agglutination of sta­
phylococcus in this tissue (FIG. 10). 
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<160> NUMBER OF SEQ ID NOS, 16 

<210> SEQ ID NO 1 
<211> LENGTH, 2802 
<212> TYPE, DNA 

SEQUENCE LISTING 

<213> ORGANISM, Staphylococcus aureus 

<400> SEQUENCE, 1 

21 

atgaatatga agaaaaaaga aaaacacgca attcggaaaa aatcgattgg cgtggcttca 

gtgcttgtag gtacgttaat cggttttgga ctactcagca gtaaagaagc agatgcaagt 

gaaaatagtg ttacgcaatc tgatagcgca agtaacgaaa gcaaaagtaa tgattcaagt 

agcgttagtg ctgcacctaa aacagacgac acaaacgtga gtgatactaa aacatcgtca 

aacactaata atggcgaaac gagtgtggcg caaaatccag cacaacagga aacgacacaa 

tcatcatcaa caaatgcaac tacggaagaa acgccggtaa ctggtgaagc tactactacg 

acaacgaatc aagctaatac accggcaaca actcaatcaa gcaatacaaa tgcggaggaa 

ttagtgaatc aaacaagtaa tgaaacgact tctaatgata ctaatacagt atcatctgta 

aattcacctc aaaattctac aaatgcggaa aatgtttcaa caacgcaaga tacttcaact 

gaagcaacac cttcaaacaa tgaatcagct ccacagagta cagatgcaag taataaagat 

gtagttaatc aagcggttaa tacaagtgcg cctagaatga gagcatttag tttagcggca 

gtagctgcag atgcaccggc agctggcaca gatattacga atcagttgac gaatgtgaca 

gttggtattg actctggtac gactgtgtat ccgcaccaag caggttatgt caaactgaat 

tatggttttt cagtgcctaa ttctgctgtt aaaggtgaca cattcaaaat aactgtacct 

aaagaattaa acttaaatgg tgtaacttca actgctaaag tgccaccaat tatggctgga 

gatcaagtat tggcaaatgg tgtaatcgat agtgatggta atgttattta tacatttaca 

gactatgtaa atactaaaga tgatgtaaaa gcaactttga ccatgcccgc ttatattgac 

cctgaaaatg ttaaaaagac aggtaatgtg acattggcta ctggcatagg tagtacaaca 

gcaaacaaaa cagtattagt agattatgaa aaatatggta agttttataa cttatctatt 

aaaggtacaa ttgaccaaat cgataaaaca aataatacgt atcgtcagac aatttatgtc 

aatccaagtg gagataacgt tattgcgccg gttttaacag gtaatttaaa accaaatacg 

gatagtaatg cattaataga tcagcaaaat acaagtatta aagtatataa agtagataat 

gcagctgatt tatctgaaag ttactttgtg aatccagaaa actttgagga tgtcactaat 

agtgtgaata ttacattccc aaatccaaat caatataaag tagagtttaa tacgcctgat 

gatcaaatta caacaccgta tatagtagtt gttaatggtc atattgatcc gaatagcaaa 

ggtgatttag ctttacgttc aactttatat gggtataact cgaatataat ttggcgctct 

atgtcatggg acaacgaagt agcatttaat aacggatcag gttctggtga cggtatcgat 

aaaccagttg ttcctgaaca acctgatgag cctggtgaaa ttgaaccaat tccagaggat 

tcagattctg acccaggttc agattctggc agcgattcta attcagatag cggttcagat 

tcgggtagtg attctacatc agatagtggt tcagattcag cgagtgattc agattcagca 

agtgattcag actcagcgag tgattcagat tcagcaagcg attccgactc agcgagcgat 

tccgactcag acaatgactc ggattcagat agcgattctg actcagacag tgactcagat 

tccgacagtg actcagattc agatagcgat tctgactcag acagtgactc agattcagat 

60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

Sep. 18,2014 



US 2014/0271649 Al 
22 

-continued 

agcgattcag attcagatag 

tctgactccg acagtgattc 

tcagatagcg attccgactc 

agcgattcag attcagatag 

tcggattcag atagcgattc 

tcagacagtg attcggattc 

agtgactcgg attcagatag 

tcggactcag atagcgattc 

tcagacagcg actcagacag 

tcagactcag gtagtgactc 

agcgattccg agtcaggttc 

actaatgctt ctaataaaaa 

tctgaagatg aagcaaatac 

ctacttttca gaagaaaaaa 

<210> SEQ ID NO 2 
<211> LENGTH, 933 
<212> TYPE, PRT 

cgattcagat tccgacagtg 

cgactcagac agcgattcag 

agatagcgac tcagattcag 

cgattcagat tccgacagtg 

agattccgac agtgactcag 

agcgagtgat tcggattcag 

cgactcagac tcggatagcg 

agaatcagac agcgattcag 

tgactcagat tcagatagtg 

cgattcatca agtgattccg 

taacaataat gtagttccgc 

tgaggctaaa gatagtaaag 

gtcactaatt tggggattat 

agaaaataaa gataagaaat 

<213> ORGANISM, Staphylococcus aureus 

<400> SEQUENCE, 2 

attccgactc agacagcgat 

attccgacag tgattccgac 

acagcgattc agattcagac 

actcagattc cgacagtgac 

attccgacag tgactcagac 

atagtgattc cgactccgac 

actcggattc agatagcgat 

aatcagacag cgattcagat 

actcggattc agcgagtgat 

actcagaaag tgattcaaat 

ctaattcacc taaaaatggt 

aaccattacc agatacaggt 

tagcatcaat aggttcatta 

aa 

Met Asn Met Lys Lys Lys Glu Lys His Ala Ile Arg Lys Lys Ser Ile 
1 5 10 15 

Gly Val Ala Ser Val Leu Val Gly Thr Leu Ile Gly Phe Gly Leu Leu 
20 25 30 

Ser Ser Lys Glu Ala Asp Ala Ser Glu Asn Ser Val Thr Gln Ser Asp 
35 40 45 

Ser Ala Ser Asn Glu Ser Lys Ser Asn Asp Ser Ser Ser Val Ser Ala 
50 55 60 

Ala Pro Lys Thr Asp Asp Thr Asn Val Ser Asp Thr Lys Thr Ser Ser 
65 70 75 80 

Asn Thr Asn Asn Gly Glu Thr Ser Val Ala Gln Asn Pro Ala Gln Gln 
85 90 95 

Glu Thr Thr Gln Ser Ser Ser Thr Asn Ala Thr Thr Glu Glu Thr Pro 
100 105 110 

Val Thr Gly Glu Ala Thr Thr Thr Thr Thr Asn Gln Ala Asn Thr Pro 
115 120 125 

Ala Thr Thr Gln Ser Ser Asn Thr Asn Ala Glu Glu Leu Val Asn Gln 
130 135 140 

Thr Ser Asn Glu Thr Thr Ser Asn Asp Thr Asn Thr Val Ser Ser Val 
145 150 155 160 

Asn Ser Pro Gln Asn Ser Thr Asn Ala Glu Asn Val Ser Thr Thr Gln 
165 170 175 

Asp Thr Ser Thr Glu Ala Thr Pro Ser Asn Asn Glu Ser Ala Pro Gln 
180 185 190 

Ser Thr Asp Ala Ser Asn Lys Asp Val Val Asn Gln Ala Val Asn Thr 
195 200 205 

Ser Ala Pro Arg Met Arg Ala Phe Ser Leu Ala Ala Val Ala Ala Asp 
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-continued 

210 215 220 

Ala Pro Ala Ala Gly Thr Asp Ile Thr Asn Gln Leu Thr Asn Val Thr 
225 230 235 240 

Val Gly Ile Asp Ser Gly Thr Thr Val Tyr Pro His Gln Ala Gly Tyr 
245 250 255 

Val Lys Leu Asn Tyr Gly Phe Ser Val Pro Asn Ser Ala Val Lys Gly 
260 265 270 

Asp Thr Phe Lys Ile Thr Val Pro Lys Glu Leu Asn Leu Asn Gly Val 
275 280 285 

Thr Ser Thr Ala Lys Val Pro Pro Ile Met Ala Gly Asp Gln Val Leu 
290 295 300 

Ala Asn Gly Val Ile Asp Ser Asp Gly Asn Val Ile Tyr Thr Phe Thr 
305 310 315 320 

Asp Tyr Val Asn Thr Lys Asp Asp Val Lys Ala Thr Leu Thr Met Pro 
325 330 335 

Ala Tyr Ile Asp Pro Glu Asn Val Lys Lys Thr Gly Asn Val Thr Leu 
340 345 350 

Ala Thr Gly Ile Gly Ser Thr Thr Ala Asn Lys Thr Val Leu Val Asp 
355 360 365 

Tyr Glu Lys Tyr Gly Lys Phe Tyr Asn Leu Ser Ile Lys Gly Thr Ile 
370 375 380 

Asp Gln Ile Asp Lys Thr Asn Asn Thr Tyr Arg Gln Thr Ile Tyr Val 
385 390 395 400 

Asn Pro Ser Gly Asp Asn Val Ile Ala Pro Val Leu Thr Gly Asn Leu 
405 410 415 

Lys Pro Asn Thr Asp Ser Asn Ala Leu Ile Asp Gln Gln Asn Thr Ser 
420 425 430 

Ile Lys Val Tyr Lys Val Asp Asn Ala Ala Asp Leu Ser Glu Ser Tyr 
435 440 445 

Phe Val Asn Pro Glu Asn Phe Glu Asp Val Thr Asn Ser Val Asn Ile 
450 455 460 

Thr Phe Pro Asn Pro Asn Gln Tyr Lys Val Glu Phe Asn Thr Pro Asp 
465 470 475 480 

Asp Gln Ile Thr Thr Pro Tyr Ile Val Val Val Asn Gly His Ile Asp 
485 490 495 

Pro Asn Ser Lys Gly Asp Leu Ala Leu Arg Ser Thr Leu Tyr Gly Tyr 
500 505 510 

Asn Ser Asn Ile Ile Trp Arg Ser Met Ser Trp Asp Asn Glu Val Ala 
515 520 525 

Phe Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile Asp Lys Pro Val Val 
530 535 540 

Pro Glu Gln Pro Asp Glu Pro Gly Glu Ile Glu Pro Ile Pro Glu Asp 
545 550 555 560 

Ser Asp Ser Asp Pro Gly Ser Asp Ser Gly Ser Asp Ser Asn Ser Asp 
565 570 575 

Ser Gly Ser Asp Ser Gly Ser Asp Ser Thr Ser Asp Ser Gly Ser Asp 
580 585 590 

Ser Ala Ser Asp Ser Asp Ser Ala Ser Asp Ser Asp Ser Ala Ser Asp 
595 600 605 

Ser Asp Ser Ala Ser Asp Ser Asp Ser Ala Ser Asp Ser Asp Ser Asp 
610 615 620 
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-continued 

Asn Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
625 630 635 640 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
645 650 655 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
660 665 670 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
675 680 685 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
690 695 700 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
705 710 715 720 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
725 730 735 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
740 745 750 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Ala 
755 760 765 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
770 775 780 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
785 790 795 800 

Ser Asp Ser Asp Ser Asp Ser Glu Ser Asp Ser Asp Ser Glu Ser Asp 
805 810 815 

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp 
820 825 830 

Ser Asp Ser Asp Ser Ala Ser Asp Ser Asp Ser Gly Ser Asp Ser Asp 
835 840 845 

Ser Ser Ser Asp Ser Asp Ser Glu Ser Asp Ser Asn Ser Asp Ser Glu 
850 855 860 

Ser Gly Ser Asn Asn Asn Val Val Pro Pro Asn Ser Pro Lys Asn Gly 
865 870 875 880 

Thr Asn Ala Ser Asn Lys Asn Glu Ala Lys Asp Ser Lys Glu Pro Leu 
885 890 895 

Pro Asp Thr Gly Ser Glu Asp Glu Ala Asn Thr Ser Leu Ile Trp Gly 
900 905 910 

Leu Leu Ala Ser Ile Gly Ser Leu Leu Leu Phe Arg Arg Lys Lys Glu 
915 920 925 

Asn Lys Asp Lys Lys 
930 

<210> SEQ ID NO 3 
<211> LENGTH, 43 
<212> TYPE, DNA 
<213> ORGANISM, Staphylococcus aureus 

<400> SEQUENCE, 3 

cgcggatcca tagtaacaaa ggattatagt gggaaatcac aag 

<210> SEQ ID NO 4 
<211> LENGTH, 39 
<212> TYPE, DNA 
<213> ORGANISM, Staphylococcus aureus 
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<400> SEQUENCE, 4 

tcccccgggt tattttgtta ctctaggccc atatgtcgc 

<210> SEQ ID NO 5 
<211> LENGTH, 32 
<212> TYPE, DNA 
<213> ORGANISM, Staphylococcus aureus 

<400> SEQUENCE, 5 

cgcggatccg tggtttctgg ggagaagaat cc 

<210> SEQ ID NO 6 
<211> LENGTH, 36 
<212> TYPE, DNA 
<213> ORGANISM, Staphylococcus aureus 

<400> SEQUENCE, 6 

tcccccgggt ttgcagccat gcattaatta tttgcc 

<210> SEQ ID NO 7 
<211> LENGTH, 27 
<212> TYPE, DNA 
<213> ORGANISM, Staphylococcus aureus 

<400> SEQUENCE, 7 

cgcggatcca aggtcaaatc gaccgtt 

<210> SEQ ID NO 8 
<211> LENGTH, 38 
<212> TYPE, DNA 
<213> ORGANISM, Staphylococcus aureus 

<400> SEQUENCE, 8 

cggggtacct tatttcttat ctttattttc tttttttc 

<210> SEQ ID NO 9 
<211> LENGTH, 121 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic peptide 

<400> SEQUENCE, 9 

25 

-continued 

Gln Val Gln Leu Lys Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gln 
1 5 10 15 

Ser Leu Ser Ile Thr Cys Ala Ile Ser Gly Phe Ser Leu Ser Arg Tyr 
20 25 30 

Ser Val His Trp Val Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu 
35 40 45 

Gly Met Ile Trp Gly Gly Gly Asn Thr Asp Tyr Asn Ser Ala Leu Lys 
50 55 60 

Ser Arg Leu Ser Ile Ser Lys Asp Asn Ser Lys Ser Gln Val Phe Leu 
65 70 75 80 

Lys Met Asn Ser Leu Gln Thr Asp Asp Thr Ala Met Tyr Tyr Cys Ala 
85 90 95 

Arg Lys Gly Glu Phe Tyr Tyr Gly Tyr Asp Gly Phe Val Tyr Trp Gly 
100 105 110 
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Gln Gly Thr Leu Val Thr Val Ser Ala 
115 120 

<210> SEQ ID NO 10 
<211> LENGTH, 118 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic peptide 

<400> SEQUENCE, 10 

26 

-continued 

Gln Val His Leu Lys Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gln 
1 5 10 15 

Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Leu Ser Arg Tyr 
20 25 30 

Asn Ile His Trp Val Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu 
35 40 45 

Gly Met Ile Trp Gly Gly Glu Asn Thr Asp Tyr Asn Ser Ala Leu Lys 
50 55 60 

Ser Arg Leu Ser Ile Ser Lys Asp Asn Ser Lys Ser Gln Val Phe Leu 
65 70 75 80 

Lys Met Asn Ser Leu Gln Thr Asp Asp Thr Ala Met Tyr Tyr Cys Ala 
85 90 95 

Ser Ala Tyr Tyr Gly Asn Ser Trp Phe Ala Tyr Trp Gly Gln Gly Thr 
100 105 110 

Leu Val Thr Val Ser Ala 
115 

<210> SEQ ID NO 11 
<211> LENGTH, 115 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic peptide 

<400> SEQUENCE, 11 

Gln Val Gln Leu Lys Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gln 
1 5 10 15 

Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Leu Ser Arg Tyr 
20 25 30 

Ser Val His Trp Val Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu 
35 40 45 

Gly Met Ile Trp Gly Gly Gly Ser Thr Asp Tyr Asn Ser Ala Leu Lys 
50 55 60 

Ser Arg Leu Asn Ile Ser Lys Asp Asn Ser Lys Ser Gln Val Phe Leu 
65 70 75 80 

Lys Met Asn Ser Leu Gln Thr Asp Asp Thr Ala Met Tyr Tyr Cys Ala 
85 90 95 

Arg Arg Leu Trp Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr Val Thr 

Val Ser Ser 
115 

100 105 110 

<210> SEQ ID NO 12 
<211> LENGTH, 118 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
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-continued 

<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic peptide 

<400> SEQUENCE, 12 

Gln Val Gln Leu Lys Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gln 
1 5 10 15 

Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Leu Ser Arg Tyr 
20 25 30 

Ser Val His Trp Val Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu 
35 40 45 

Gly Met Ile Trp Gly Gly Gly Asn Thr Asp Tyr Asn Ser Ala Leu Lys 
50 55 60 

Ser Arg Leu Ser Ile Thr Lys Asp Asn Ser Lys Ser Gln Val Phe Leu 
65 70 75 80 

Lys Met Asn Ser Leu Gln Thr Asp Asp Thr Ala Met Tyr Tyr Cys Ala 
85 90 95 

Thr Ala Tyr Tyr Gly Asn Ser Trp Phe Ala Tyr Trp Gly Gln Gly Thr 
100 105 110 

Leu Val Thr Val Ser Ala 
115 

<210> SEQ ID NO 13 
<211> LENGTH, 112 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic peptide 

<400> SEQUENCE, 13 

Asn Ile Met Met Thr Gln Ser Pro Ser Ser Leu Ala Val Ser Ala Gly 
1 5 10 15 

Glu Lys Val Thr Met Ser Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser 
20 25 30 

Ser Asn Gln Lys Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln 
35 40 45 

Ser Pro Lys Leu Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val 
50 55 60 

Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu 
65 

Ile Ser Ser Val Gln 
85 

Tyr Leu Ser Ser Tyr 
100 

<210> SEQ ID NO 14 
<211> LENGTH, 112 
<212> TYPE, PRT 

70 

Ala Glu Asp Leu 

Thr Phe Gly Gly 
105 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

75 

Ala Val Tyr Tyr Cys 
90 

Gly Thr Lys Leu Glu 
110 

<223> OTHER INFORMATION, Synthetic peptide 

<400> SEQUENCE, 14 

His 
95 

Ile 

Thr 
80 

Gln 

Lys 

Asn Ile Met Met Thr Gln Ser Pro Ser Ser Leu Ala Val Ser Ala Gly 
1 5 10 15 

Glu Lys Val Thr Met Ser Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser 
20 25 30 
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-continued 

Ser Asn Gln Lys Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln 
35 40 45 

Ser Pro Lys Leu Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val 
50 55 60 

Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu 
65 

Ile Asn Ser Val Gln 
85 

Tyr Leu Ser Ser His 
100 

<210> SEQ ID NO 15 
<211> LENGTH, 112 
<212> TYPE, PRT 

70 

Ala Glu Asp Leu 

Thr Phe Gly Gly 
105 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

75 

Ala Val Tyr Tyr Cys 
90 

Gly Thr Lys Leu Glu 
110 

<223> OTHER INFORMATION, Synthetic peptide 

<400> SEQUENCE, 15 

His 
95 

Ile 

Thr 
80 

Gln 

Lys 

Asn Ile Met Met Thr Gln Ser Pro Ser Ser Leu Ala Val Ser Ala Gly 
1 5 10 15 

Glu Lys Val Thr Met Ser Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser 
20 25 30 

Ser Asn Gln Lys Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln 
35 40 45 

Ser Pro Lys Leu Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val 
50 55 60 

Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 
65 70 75 80 

Ile Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Cys Cys His Gln 
85 90 95 

Tyr Leu Ser Ser Tyr Thr Phe Gly Gly Gly Thr Glu Leu Glu Ile Lys 
100 105 110 

<210> SEQ ID NO 16 
<211> LENGTH, 112 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic peptide 

<400> SEQUENCE, 16 

Asn Ile Met Met Thr Gln Ser Pro Ser Ser Leu Ala Val Ser Ala Gly 
1 5 10 15 

Glu Lys Val Thr Met Ser Cys Arg Ser Ser Gln Ser Val Leu Tyr Ser 
20 25 30 

Ser Asn Gln Lys Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln 
35 40 45 

Ser Pro Thr Leu Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val 
50 55 60 

Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 
65 70 75 80 
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-continued 

Ile Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys His Gln 
85 90 95 

Tyr Leu Ser Ser Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys 
100 105 110 

1. A method for treating or preventing a Staphylococcus 
bacteria infection in a subject comprising administering to the 
subject effective amounts of a ClfA inhibitor and one or more 
thrombin inhibitors. 

2. The method of claim 1, wherein the subject has been 
exposed to Staphylococcus bacteria or is at risk for exposure 
to Staphylococcus bacteria. 

3. The method of claim 1, wherein the Staphylococcus 
bacteria is methicillin-resistant. 

4. The method of claim 1, wherein the subject is deter­
mined to be infected with Staphylococcus bacteria. 

5. The method of claim 4, wherein the subject is adminis­
tered the ClfA inhibitor and one or more thrombin inhibitors 
within 12 hours of being determined to be infected with 
Staphylococcus bacteria. 

6. The method of claim 1, wherein the thrombin inhibitor is 
argatroban, dabigatran, dabigatran-etexilate, melagatran, 
ximelagatran, efegatran, hirudin, bivalirudin, odiparcil or efe­
gatran-sulfate. 

7.-10. (canceled) 
11. The method of claim 1, wherein the ClfA inhibitor 

comprises an antibody or antibody fragment that specifically 
binds ClfA. 

12. The method of claim 11, wherein the ClfA inhibitor 
comprises chimeric, humanized, scFv, and/or bi-specific anti­
body. 

13. The method of claim 12, wherein the ClfA inhibitor 
comprises a chimeric or humanized antibody. 

14. The method of claim 1, wherein the ClfA inhibitor and 
the one or more thrombin inhibitors are administered within 
30 minutes of each other. 

15. The method of claim 14, wherein the ClfA inhibitor and 
the one or more thrombin inhibitors are administered at the 
same time to the subject. 

16.-18. (canceled) 
19. The method of claim 1, further comprising administer­

ing to the subject an antibiotic. 
20.-21. (canceled) 
22. The method of claim 1, wherein the subject is admin­

istered 0 .01 µg to 10 mg of the one or more thrombin inhibitor. 
23.-24. (canceled) 
25. The method of claim 1, wherein the ClfA inhibitor 

blocks the interaction of ClfA with fibrin. 
26. The method of claim 1, wherein the ClfA inhibitor 

blocks the interaction of ClfA with fibrinogen. 
27. A composition comprising at least one thrombin inhibi­

tor and a ClfA inhibitor. 
28. The composition of claim 27, comprising a thrombin 

inhibitor selected from the group consisting of argatroban, 
dabigatran, dabigatran-etexilate, melagatran, ximelagatran, 
efegatran, hirudin, bivalirudin, odiparcil or efegatran-sulfate. 

29. The composition of claim 28, comprising the thrombin 
inhibitor dabigatran-extexilate. 

30. The composition of claim 29, wherein the ClfA inhibi­
tor comprises an antibody or antibody fragment that specifi­
cally binds ClfA. 

31.-32. (canceled) 
33. A composition comprising a ClfA inhibitor, a Coa 

inhibitor and a vWbp inhibitor. 
34. (canceled) 

* * * * * 


