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DAGNOSIS OF SEPSIS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit, under 35 U.S.C. 
S119(e), of U.S. Provisional Patent Application No. 60/671, 
620, filed on Apr. 15, 2005, which hereby is incorporated 
herein, by reference, in its entirety. This application also 
claims benefit, under 35 U.S.C. S 119(e), of U.S. Provisional 
Patent Application No. 60/674,046, filed on Apr. 22, 2005, 
which is hereby incorporated herein, by reference, in its 
entirety. 

1. FIELD OF THE INVENTION 

0002 The present invention relates to methods and com 
positions for diagnosing or predicting sepsis and/or its stages 
of progression in a subject. The present invention also relates 
to methods and compositions for diagnosing systemic inflam 
matory response syndrome in a subject. 

2. BACKGROUND OF THE INVENTION 

0003. Early detection of a disease condition typically 
allows for a more effective therapeutic treatment with a cor 
respondingly more favorable clinical outcome. In many 
cases, however, early detection of disease symptoms is prob 
lematic due to the complexity of the disease; hence, a disease 
may become relatively advanced before diagnosis is possible. 
Systemic inflammatory conditions represent one such class of 
diseases. These conditions, particularly sepsis, typically, but 
not always, result from an interaction between a pathogenic 
microorganism and the host's defense system that triggers an 
excessive and dysregulated inflammatory response in the 
host. The complexity of the host's response during the sys 
temic inflammatory response has complicated efforts towards 
understanding disease pathogenesis (reviewed in Healy, 
2002, Annul. Pharmacother. 36:648-54). An incomplete 
understanding of the disease pathogenesis, in turn, contrib 
utes to the difficulty in finding useful diagnostic biomarkers. 
Early and reliable diagnosis is imperative, however, because 
of the remarkably rapid progression of sepsis into a life 
threatening condition. 
0004. The development of sepsis in a subject follows a 
well-described course, progressing from systemic inflamma 
tory response syndrome (“SIRS)-negative, to SIRS-positive, 
and then to sepsis, which may then progress to severe sepsis, 
septic shock, multiple organ dysfunction (“MOD), and ulti 
mately death. Sepsis may also arise in an infected Subject 
when the subject subsequently develops SIRS. “Sepsis” is 
commonly defined as the systemic host response to infection 
with SIRS plus a documented infection. “Severe sepsis” is 
associated with MOD, hypotension, disseminated intravas 
cular coagulation (“DIC) or hypoperfusion abnormalities, 
including lactic acidosis, oliguria, and changes in mental 
status. “Septic shock” is commonly defined as sepsis-induced 
hypotension that is resistant to fluid resuscitation with the 
additional presence of hypoperfusion abnormalities. 
0005 Documenting the presence of the pathogenic micro 
organisms that are clinically significant to sepsis has proven 
difficult. Causative microorganisms typically are detected by 
culturing a Subject's blood, sputum, urine, wound secretion, 
in-dwelling line catheter Surfaces, etc. Causative microorgan 
isms, however, may reside only in certain body microenvi 
ronments such that the particular material that is cultured may 
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not contain the contaminating microorganisms. Detection 
may be complicated further by low numbers of microorgan 
isms at the site of infection. Low numbers of pathogens in 
blood present a particular problem for diagnosing sepsis by 
culturing blood. In one study, for example, positive culture 
results were obtained in only 17% of subjects presenting 
clinical manifestations of sepsis (Rangel-Frausto et al., 1995, 
JAMA 273: 117-123). Diagnosis can be further complicated 
by contamination of samples by non-pathogenic microorgan 
isms. For example, only 12.4% of detected microorganisms 
were clinically significant in a study of 707 subjects with 
septicemia (Weinstein et al., 1997, Clinical Infectious Dis 
eases 24:584–602). 
0006. The difficulty in early diagnosis of sepsis is reflected 
by the high morbidity and mortality associated with the dis 
ease. Sepsis currently is the tenth leading cause of death in the 
United States and is especially prevalent among hospitalized 
patients in non-coronary intensive care units (ICUs), where it 
is the most common cause of death. The overall rate of mor 
tality is as high as 35%, with an estimated 750,000 cases per 
year occurring in the United States alone. The annual cost to 
treat sepsis in the United States alone is on the order of 
billions of dollars. 
0007. A need, therefore, exists for a method of diagnosing 
sepsis, using techniques that have satisfactory specificity and 
sensitivity performance, sufficiently early to allow effective 
intervention and prevention. 

3. SUMMARY OF THE INVENTION 

0008. The present invention relates to methods and com 
positions for diagnosing sepsis, including the onset of sepsis, 
in a test Subject. The present invention also relates to methods 
and compositions for predicting sepsis in a test Subject. 
0009. The present invention further relates to methods and 
compositions for diagnosing or predicting stages of sepsis 
progression in a test Subject. The present invention still fur 
ther relates to methods and compositions for diagnosing sys 
temic inflammatory response syndrome (SIRS) in a test sub 
ject. 
0010. In one aspect, the present invention provides a 
method of predicting the development of sepsis in a test 
Subject at risk for developing sepsis. This method comprises 
evaluating whether a plurality of features in a biomarker 
profile of the test subject satisfies a value set, wherein satis 
fying the value set means that the test subject will develop 
sepsis with a likelihood that is determined by the accuracy of 
the decision rule to which the plurality of features are applied 
in order to determine whether they satisfy the value set. In 
Some embodiments, the accuracy of the decision rule is at 
least 60%. Therefore, correspondingly, the likelihood that the 
test subject will develop sepsis when the plurality of features 
satisfies the value set is at least 60%. 
0011 Yet another aspect of the invention comprises a 
method of diagnosing sepsis in a test Subject. These methods 
comprise evaluating whether a plurality of features in a biom 
arker profile of the test subject satisfies a value set, wherein 
satisfying the value set predicts that the test Subject has sepsis 
with a likelihood that is determined by the accuracy of the 
decision rule to which the plurality of features are applied in 
order to determine whether they satisfy the value set. In some 
embodiments, the accuracy of the decision rule is at least 
60%. Therefore, correspondingly, the likelihood that the test 
subject has sepsis when the plurality of features satisfies the 
value set is at least 60%. 
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0012. In a particular embodiment, the biomarker profile 
comprises at least two features, each feature representing a 
feature of a corresponding biomarker listed in column four or 
five of Table 30. In one embodiment, the biomarker profile 
comprises at least two different biomarkers listed in column 
four or five of Table 30. In such an embodiment, the biomar 
ker profile can comprise a respective corresponding feature 
for the at least two biomarkers. Generally, the at least two 
biomarkers are derived from at least two different genes. In 
the case where a biomarker in the at least two different biom 
arkers is listed in column four of Table 30, the biomarker can 
be, for example, a transcript made by the listed gene, a 
complement thereof, or a discriminating fragment or comple 
ment thereof, or a cDNA thereof, or a discriminating frag 
ment of the cDNA, or a discriminating amplified nucleic acid 
molecule corresponding to all or a portion of the transcript or 
its complement, or a protein encoded by the gene, or a dis 
criminating fragment of the protein, oran indication of any of 
the above. Further still, the biomarker can be, for example, a 
protein listed in column five of Table 30, or a discriminating 
fragment of the protein, or an indication of any of the above. 
Here, a discriminating molecule or fragment is a molecule or 
fragment that, when detected, indicates presence or abun 
dance of the above-identified transcript, cDNA, amplified 
nucleic acid, or protein. In accordance with this embodiment, 
the biomarker profiles of the present invention can be 
obtained using any standard assay known to those skilled in 
the art, or in an assay described herein, to detect a biomarker. 
Such assays are capable, for example, of detecting the prod 
ucts of expression (e.g., nucleic acids and/or proteins) of a 
particular gene or allele of a gene of interest (e.g., a gene 
disclosed in Table 30). In one embodiment, such an assay 
utilizes a nucleic acid microarray. In some embodiments, the 
biomarker profile comprises at least two different biomarkers 
from column four or five of Table 32. In some embodiments, 
the biomarker profile comprises at least 2,3,4,5,6,7,8,9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 
40, 45, or 50 different biomarkers from Table 30. 
0013. In a particular embodiment, the biomarker profile 
comprises at least two different biomarkers that each contain 
one of the probesets listed in column 2 of Table 30, biomar 
kers that contain the complement of one of the probesets of 
Table 30, or biomarkers that contain an amino acid sequence 
encoded by a gene that either contains one of the probesets of 
Table 30 or the complement of one of the probesets of Table 
30. Such biomarkers can be, for example, mRNA transcripts, 
cDNA or some other nucleic acid, for example amplified 
nucleic acid, or proteins. The biomarker profile further com 
prises a respective corresponding feature for the at least two 
biomarkers. Generally, the at least two biomarkers are derived 
from at least two different genes. In the case where a biom 
arker is based upon a gene that includes the sequence of a 
probesetlisted in Table 30, the biomarker can be, for example, 
a transcript made by the gene, a complement thereof, or a 
discriminating fragment or complement thereof, or a cDNA 
thereof, or a discriminating fragment of the cDNA, or a dis 
criminating amplified nucleic acid molecule corresponding 
to all or a portion of the transcript or its complement, or a 
protein encoded by the gene, or a discriminating fragment of 
the protein, oran indication of any of the above. Further still, 
the biomarker can be, for example, a protein encoded by a 
gene that includes a probeset sequence described in Table 30, 
ora discriminating fragment of the protein, oran indication of 
any of the above. Here, a discriminating molecule or fragment 
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is a molecule or fragment that, when detected, indicates pres 
ence or abundance of the above-identified transcript, cDNA, 
amplified nucleic acid, or protein. In some embodiments, the 
biomarker profile comprises at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 
different biomarkers from any one of Table 31, 32, 33, 34, or 
36. 

0014. In a particular embodiment, the biomarker profile 
comprises at least two different biomarkers listed in column 
three of Table 31. The biomarker profile further comprises a 
respective corresponding feature for the at least two biomar 
kers. Generally, the at least two biomarkers are derived from 
at least two different genes. The biomarker can be, for 
example, a transcript made by gene listed in Table 31, a 
complement thereof, or a discriminating fragment or comple 
ment thereof, or a cDNA thereof, or a discriminating frag 
ment of the cDNA, or a discriminating amplified nucleic acid 
molecule corresponding to all or a portion of the transcript or 
its complement, or a protein encoded by the gene, or a dis 
criminating fragment of the protein, oran indication of any of 
the above. Further still, the biomarker can be, for example, a 
protein encoded by a gened listed in column three of Table 31, 
ora discriminating fragment of the protein, oran indication of 
any of the above. Here, a discriminating molecule or fragment 
is a molecule or fragment that, when detected, indicates pres 
ence or abundance of the above-identified transcript, cDNA, 
amplified nucleic acid, or protein. In accordance with this 
embodiment, the biomarker profiles of the present invention 
can be obtained using any standard assay known to those 
skilled in the art, or in an assay described herein, to detect a 
biomarker. Such assays are capable, for example, of detecting 
the products of expression (e.g., nucleic acids and/or pro 
teins) of a particular gene or allele of a gene of interest (e.g., 
a gene disclosed in Table 31). In one embodiment, Such an 
assay utilizes a nucleic acid microarray. 
0015. In a particular embodiment, the biomarker profile 
comprises at least two different biomarkers that each contain 
one of the probesets listed in column 2 of Table 31, biomar 
kers that contain the complement of one of the probesets of 
Table 31, or biomarkers that contain an amino acid sequence 
encoded by a gene that either contains one of the probesets of 
Table 31 or the complement of one of the probesets of Table 
31. Such biomarkers can be, for example, mRNA transcripts, 
cDNA or some other nucleic acid, for example amplified 
nucleic acid, or proteins. The biomarker profile further com 
prises a respective corresponding feature for the at least two 
biomarkers. Generally, the at least two biomarkers are derived 
from at least two different genes. In the case where a biom 
arker is based upon a gene that includes the sequence of a 
probesetlisted in Table 31, the biomarker can be, for example, 
a transcript made by the gene, a complement thereof, or a 
discriminating fragment or complement thereof, or a cDNA 
thereof, or a discriminating fragment of the cDNA, or a dis 
criminating amplified nucleic acid molecule corresponding 
to all or a portion of the transcript or its complement, or a 
protein encoded by the gene, or a discriminating fragment of 
the protein, or an indication of any of the above. Further still, 
the biomarker can be, for example, a protein encoded by a 
gene that includes a probeset sequence described in Table 31, 
ora discriminating fragment of the protein, oran indication of 
any of the above. Here, a discriminating molecule or fragment 
is a molecule or fragment that, when detected, indicates pres 
ence or abundance of the above-identified transcript, cDNA, 
amplified nucleic acid, or protein. In some embodiments, the 
biomarker profile comprises at least 2,3,4,5,6,7,8,9, 10, 11, 
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12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 
45, or 50 different biomarkers from Table 31. 
0016. In a particular embodiment, the biomarker profile 
comprises at least three features, each feature representing a 
feature of a corresponding biomarker listed in column 3 or 
four of Table I. In one embodiment, the biomarker profile 
comprises at least three different biomarkers listed in column 
three or four of Table I. In such an embodiment, the biomarker 
profile can comprise a respective corresponding feature for 
the at least three biomarkers. Generally, the at least three 
biomarkers are derived from at least three different genes 
listed in Table I. In the case where a biomarker in the at least 
three different biomarkers is listed in column three of Table I, 
the biomarker can be, for example, a transcript made by the 
listed gene, a complement thereof, a splice variant thereof, a 
complement of a splice variant thereof, or a discriminating 
fragment or complement of any of the foregoing, a cDNA of 
any of the forgoing, a discriminating fragment of the cDNA, 
or a discriminating amplified nucleic acid molecule corre 
sponding to all or a portion of the transcript or its comple 
ment, or a protein encoded by the gene, or a discriminating 
fragment of the protein, or an indication of any of the above. 
Further still, the biomarker can be, for example, a protein 
listed in column four of Table I, or a discriminating fragment 
of the protein, or an indication of any of the above. Here, a 
discriminating molecule or fragment is a molecule or frag 
ment that, when detected, indicates presence or abundance of 
the above-identified transcript, cDNA, amplified nucleic 
acid, splice-variant thereofor protein. In accordance with this 
embodiment, the biomarker profiles of the present invention 
can be obtained using any standard assay known to those 
skilled in the art, or in an assay described herein, to detect a 
biomarker. Such assays are capable, for example, of detecting 
the products of expression (e.g., nucleic acids and/or pro 
teins) of a particular gene or allele of a gene of interest (e.g., 
a gene disclosed in Table I). In one embodiment, such an 
assay utilizes a nucleic acid microarray. In some embodi 
ments, the biomarker profile comprises at least 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
25, 30, 35, 40, 45, or 50 different biomarkers from Table I. 
0017. In a particular embodiment, the biomarker profile 
comprises at least three features, each feature representing a 
feature of a corresponding biomarker listed in column 3 or 
four of Table J. In one embodiment, the biomarker profile 
comprises at least three different biomarkers listed in column 
three or four of Table J. In such an embodiment, the biomarker 
profile can comprise a respective corresponding feature for 
the at least three biomarkers. Generally, the at least three 
biomarkers are derived from at least three different genes. In 
the case where a biomarker in the at least three different 
biomarkers is listed in column three of Table J, the biomarker 
can be, for example, a transcript made by the listed gene, a 
complement thereof, a splice variant thereof, a complement 
of a splice variant thereof, or a discriminating fragment or 
complement of any of the foregoing, a cDNA of any of the 
forgoing, a discriminating fragment of the cDNA, or a dis 
criminating amplified nucleic acid molecule corresponding 
to all or a portion of the transcript or its complement, or a 
protein encoded by the gene, or a discriminating fragment of 
the protein, oran indication of any of the above. Further still, 
the biomarker can be, for example, a protein listed in column 
four of Table J, or a discriminating fragment of the protein, or 
an indication of any of the above. Here, a discriminating 
molecule or fragment is a molecule or fragment that, when 
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detected, indicates presence or abundance of the above-iden 
tified transcript, cDNA, amplified nucleic acid, splice-variant 
thereof or protein. In accordance with this embodiment, the 
biomarker profiles of the present invention can be obtained 
using any standard assay known to those skilled in the art, or 
in an assay described herein, to detect a biomarker. Such 
assays are capable, for example, of detecting the products of 
expression (e.g., nucleic acids and/or proteins) of a particular 
gene or allele of a gene of interest (e.g., a gene disclosed in 
Table J). In one embodiment, such an assay utilizes a nucleic 
acid microarray. In some embodiments, the biomarker profile 
comprises at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40 different 
biomarkers from Table J. 

0018. In a particular embodiment, the biomarker profile 
comprises at least three features, each feature representing a 
feature of a corresponding biomarker listed in column 3 or 
four of Table K. In one embodiment, the biomarker profile 
comprises at least three different biomarkers listed in column 
three or four of Table K. In such an embodiment, the biom 
arker profile can comprise a respective corresponding feature 
for the at least three biomarkers. Generally, the at least two or 
three biomarkers are derived from at least two or three differ 
ent genes, respectively. In the case where a biomarker in the at 
least two or three different biomarkers is listed in column 
three of Table K, the biomarker can be, for example, a tran 
Script made by the listed gene, a complement thereof, a splice 
variant thereof, a complement of a splice variant thereof, or a 
discriminating fragment or complement of any of the forego 
ing, a cDNA of any of the forgoing, a discriminating fragment 
of the cDNA, or a discriminating amplified nucleic acid mol 
ecule corresponding to all or a portion of the transcript or its 
complement, or a protein encoded by the gene, or a discrimi 
nating fragment of the protein, or an indication of any of the 
above. Further still, the biomarker can be, for example, a 
protein listed in column four of Table K, or a discriminating 
fragment of the protein, or an indication of any of the above. 
Here, a discriminating molecule or fragment is a molecule or 
fragment that, when detected, indicates presence or abun 
dance of the above-identified transcript, cDNA, amplified 
nucleic acid, splice-variant thereof or protein. In accordance 
with this embodiment, the biomarker profiles of the present 
invention can be obtained using any standard assay known to 
those skilled in the art, or in an assay described herein, to 
detect a biomarker. Such assays are capable, for example, of 
detecting the products of expression (e.g., nucleic acids and/ 
or proteins) of a particular gene or allele of a gene of interest 
(e.g., a gene disclosed in Table K). In one embodiment. Such 
an assay utilizes a nucleic acid microarray. In some embodi 
ments, the biomarker profile comprises at least 2, 3, 4, 5, 6, 7, 
8, 9, 10 different biomarkers from Table K. 
0019. Although the methods of the present invention are 
particularly useful for detecting or predicting the onset of 
sepsis in SIRS subjects, one of skill in the art will understand 
that the present methods may be used for any Subject: includ 
ing, but not limited to, subjects suspected of having SIRS or 
of being at any stage of sepsis. For example, a biological 
sample can be taken from a subject, and a profile of biomar 
kers in the sample can be evaluated in light of biomarker 
profiles obtained from several different types of training 
populations. Representative training populations variously 
include, for example, populations that include Subjects who 
are SIRS-negative, populations that include subjects who are 
SIRS-positive, and/or populations that include subjects at a 
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particular stage of sepsis. Evaluation of the biomarker profile 
in light of each of these different training populations can be 
used to determine whether the test subject is SIRS-negative, 
SIRS-positive, is likely to become septic, or has a particular 
stage of sepsis. Based on the diagnosis resulting from the 
methods of the present invention, an appropriate treatment 
regimen can then be initiated. 
0020. In particular embodiments, the invention also pro 
vides kits that are useful in diagnosing or predicting the 
development of sepsis or SIRS in a subject (see Section 5.3, 
infra). The kits of the present invention comprise at least 2, 3, 
4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 
35, 40, 45, 50,55, 60, 65,70, 75, 80, 85,90, 95, 96,100,105, 
110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 
170, 175, 180, 185, 190, 195 or 200 or more biomarkers 
and/or reagents used to detect the presence or abundance of 
Such biomarkers. In some embodiments, each of these biom 
arkers is from Table 30. In some embodiments, each of these 
biomarkers is from Table 31. In some embodiments, each of 
these biomarkers is from Table 32. In some embodiments, 
each of these biomarkers is from Table 33. In some embodi 
ments, each of these biomarkers is from Table 36. In some 
embodiments, each of these biomarkers is from FIG. 39, FIG. 
43, FIG. 52, FIG.53, or FIG. 56. In another embodiment, the 
kits of the present invention comprise at least two, but as 
many as several hundred or more biomarkers and/or reagents 
used to detect the presence or abundance of such biomarkers. 
0021. In a specific embodiment, the kits of the present 
invention comprise at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50,55, 60, 65,70, 
75, 80, 85,90, 95, 96, 100,105,110, 115, 120, 125, 130, 135, 
140,145,150, 155, 160, 165,170, 175, 180, 185, 190, 195 or 
200 or more reagents that specifically bind the biomarkers of 
the present invention. For example, such kits can comprise 
nucleic acid molecules and/or antibody molecules that spe 
cifically bind to biomarkers of the present invention. 
0022 Specific exemplary biomarkers that are useful in the 
present invention are set forth in Section 5.6, Section 5.11, as 
well as Tables 30, 31, 32, 34 and 36 of Section 6. The biom 
arkers of the kit can be used to generate biomarker profiles 
according to the present invention. Examples of types of 
biomarkers and/or reagents within Such kits include, but are 
not limited to, proteins and fragments thereof, peptides, 
polypeptides, antibodies, proteoglycans, glycoproteins, lipo 
proteins, carbohydrates, lipids, nucleic acids (mRNA, DNA, 
cDNA), organic and inorganic chemicals, and natural and 
synthetic polymers or a discriminating molecule or fragment 
thereof. 

0023. In particular embodiments, the invention also pro 
vides still other kits that are useful in diagnosing or predicting 
the development of sepsis or SIRS in a subject (see Section 
5.3, infra). The kits of the present invention comprise at least 
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
25, 30, 35, 40, 45, 50 or more biomarkers. In some embodi 
ments, each of these biomarkers is from Table I. In some 
embodiments, each of these biomarkers is from Table J. In 
some embodiments, each of these biomarkers is from Table 
K. In some embodiments, each of these biomarkers is found 
in Table I or Table 30. In some embodiments, each of these 
biomarkers is found in Table I or Table 31. In some embodi 
ments, each of these biomarkers is from FIG. 39, FIG. 43, 
FIG. 52, FIG.53, or FIG.56. In another embodiment, the kits 
of the present invention comprise at least two, but as many as 
50 or more biomarkers. In a specific embodiment, the kits of 
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the present invention comprise at least 2,3,4,5,6,7,8,9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50,55, 
60, 65,70, 75,80, 85,90,95, 96,100,105,110, 115, 120,125, 
130, 135, 140,145, 150, 155, 160, 165, 170, 175, 180,185, 
190, 195 or 200 or more reagents that specifically bind the 
biomarkers of the present invention. Specific biomarkers that 
are useful in the present invention are set forth in Section 5.6, 
Section 5.11, as well as Tables I, J, K, L, M, N, and O. The 
biomarkers of the kits can be used to generate biomarker 
profiles according to the present invention. Examples of 
classes of compounds of the kits include, but are not limited 
to, proteins and fragments thereof, peptides, polypeptides, 
proteoglycans, glycoproteins, lipoproteins, carbohydrates, 
lipids, nucleic acids (mRNA, DNA, cDNA), organic and inor 
ganic chemicals, and natural and synthetic polymers or a 
discriminating molecule or fragment thereof. 
0024. Still another aspect of the present invention com 
prises computers and computer readable media for evaluating 
whether a test subject is likely to develop sepsis or SIRS. For 
instance, one embodiment of the present invention provides a 
computer program product for use in conjunction with a 
computer system. The computer program product comprises 
a computer readable storage medium and a computer pro 
gram mechanism embedded therein. The computer program 
mechanism comprises instructions for evaluating whether a 
plurality of features in a biomarker profile of a test subject at 
risk for developing sepsis satisfies a first value set. Satisfac 
tion of the first value set predicts that the test subject is likely 
to develop sepsis. The features are measurable aspects of a 
plurality of biomarkers comprising at least three biomarkers 
listed in Table I. In some embodiments, the computer pro 
gram product further comprises instructions for evaluating 
whether the plurality of features in the biomarker profile of 
the test subject satisfies a second value set. Satisfaction of the 
second value set predicts that the test subject is not likely to 
develop sepsis. In some embodiments, the biomarker profile 
has between 3 and 50 biomarkers listed in Table I, between 3 
and 40 biomarkers listed in Table I, at least four biomarkers 
listed in Table I, or at least six biomarkers listed in Table I. 
0025. Another computer embodiment of the present 
invention comprises a central processing unit and a memory 
coupled to the central processing unit. The memory stores 
instructions for evaluating whether a plurality of features in a 
biomarker profile of a test Subject at risk for developing sepsis 
satisfies a first value set. Satisfaction of the first value set 
predicts that the test subject is likely to develop sepsis. The 
features are measurable aspects of a plurality of biomarkers. 
This plurality of biomarkers comprises at least three biomar 
kers from Table I. In some embodiments, the memory further 
stores instructions for evaluating whether the plurality of 
features in the biomarker profile of the test subject satisfies a 
second value set, wherein satisfying the second value set 
predicts that the test subject is not likely to develop sepsis. In 
Some embodiments, the biomarker profile consists of 
between 3 and 50 biomarkers listed in Table I, between 3 and 
40 biomarkers listed in Table I, at least four biomarkers listed 
in Table I, or at least eight biomarkers listed in Table I. 
0026. Another computer embodiment in accordance with 
the present invention comprises a computer system for deter 
mining whether a Subject is likely to develop sepsis. The 
computer system comprises a central processing unit and a 
memory, coupled to the central processing unit. The memory 
stores instructions for obtaining a biomarker profile of a test 
subject. The biomarker profile comprises a plurality of fea 
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tures. The plurality of biomarkers comprises at least three 
biomarkers listed in Table I. The memory further comprises 
instructions for transmitting the biomarker profile to a remote 
computer. The remote computer includes instructions for 
evaluating whether the plurality of features in the biomarker 
profile of the test subject satisfies a first value set. Satisfaction 
of the first value set predicts that the test subject is likely to 
develop sepsis. The memory further comprises instructions 
for receiving a determination, from the remote computer, as to 
whether the plurality of features in the biomarker profile of 
the test subject satisfies the first value set. The memory also 
comprises instructions for reporting whether the plurality of 
features in the biomarker profile of the test subject satisfies 
the first value set. In some embodiments, the remote computer 
further comprises instructions for evaluating whether the plu 
rality of features in the biomarker profile of the test subject 
satisfies a second value set. Satisfaction of the second value 
set predicts that the test subject is not likely to develop sepsis. 
In Such embodiments, the memory further comprises instruc 
tions for receiving a determination, from the remote com 
puter, as to whether the plurality of features in the biomarker 
profile of the test subject satisfies the second set as well as 
instructions for reporting whether the plurality of features in 
the biomarker profile of the test subject satisfies the second 
value set. In some embodiments, the plurality of biomarkers 
comprises at least four biomarkers listed in Table I. In some 
embodiments, the plurality of biomarkers comprises at least 
six biomarkers listed in Table I. 

0027 Still another embodiment of the present invention 
comprises a digital signal embodied on a carrier wave com 
prising a respective value for each of a plurality of features in 
a biomarker profile. The features are measurable aspects of a 
plurality of biomarkers. The plurality of biomarkers com 
prises at least three biomarkers listed in Table I. In some 
embodiments, the plurality of biomarkers comprises at least 
four biomarkers listed in Table I. In some embodiments, the 
plurality of biomarkers comprises at least eight biomarkers 
listed in Table I. 
0028 Still another aspect of the present invention provides 
a digital signal embodied on a carrier wave comprising a 
determination as to whether a plurality of features in a biom 
arker profile of a test subject satisfies a value set. The features 
are measurable aspects of a plurality of biomarkers. This 
plurality of biomarkers comprises at least three biomarkers 
listed in Table I. Satisfying the value set predicts that the test 
Subject is likely to develop sepsis. In some embodiments, the 
plurality of biomarkers comprises at least four biomarkers 
listed in Table I. In some embodiments, the plurality of biom 
arkers comprises at least eight biomarkers listed in Table I. 
0029. Still another embodiment provides a digital signal 
embodied on a carrier wave comprising a determination as to 
whether a plurality of features in a biomarker profile of a test 
subject satisfies a value set. The features are measurable 
aspects of a plurality of biomarkers. The plurality of biomar 
kers comprises at least three biomarkers listed in Table I. 
Satisfaction of the value set predicts that the test subject is not 
likely to develop sepsis. In some embodiments, the plurality 
of biomarkers comprises at least four biomarkers listed in 
Table I. In some embodiments, the plurality of biomarkers 
comprises at least eight biomarkers listed in Table I. 
0030 Still another embodiment of the present invention 
provides a graphical user interface for determining whether a 
Subject is likely to develop sepsis. The graphical user inter 
face comprises a display field for a displaying a result 
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encoded in a digital signal embodied on a carrier wave 
received from a remote computer. The features are measur 
able aspects of a plurality of biomarkers. The plurality of 
biomarkers comprises at least three biomarkers listed in Table 
I. The result has a first value when a plurality of features in a 
biomarker profile of a test subject satisfies a first value set. 
The result has a second value when a plurality of features in a 
biomarker profile of a test Subject satisfies a second value set. 
In some embodiments, the plurality of biomarkers comprises 
at least four biomarkers listed in Table I. In some embodi 
ments, the plurality of biomarkers comprises at least eight 
biomarkers listed in Table I. 

0031 Yet another aspect of the present invention provides 
a computer system for determining whethera Subject is likely 
to develop sepsis. The computer system comprises a central 
processing unit and a memory, coupled to the central process 
ing unit. The memory stores instructions for obtaining a 
biomarker profile of a test subject. The biomarker profile 
comprises a plurality of features. The features are measurable 
aspects of a plurality of biomarkers. The plurality of biomar 
kers comprise at least three biomarkers listed in Table I. The 
memory further stores instructions for evaluating whether the 
plurality offeatures in the biomarker profile of the test subject 
satisfies a first value set. Satisfying the first value set predicts 
that the test subject is likely to develop sepsis. The memory 
also stores instructions for reporting whether the plurality of 
features in the biomarker profile of the test subject satisfies 
the first value set. In some embodiments, the plurality of 
biomarkers comprises at least four biomarkers listed in Table 
I. In some embodiments, the plurality of biomarkers com 
prises at least eight biomarkers listed in Table I. 

4. BRIEF DESCRIPTION OF THE FIGURES 

0032 FIG. 1 illustrates a classification and regression tree 
for discriminating between a SIRS phenotypic state charac 
terized by the onset of sepsis and a SIRS phenotypic state 
characterized by the absence of sepsis using Tse static data 
obtained from a training population in accordance with an 
embodiment of the present invention. 
0033 FIG. 2 shows the distribution of feature values for 
five biomarkers used in the decision tree of FIG.1 across T. 
static data obtained from a training population in accordance 
with an embodiment of the present invention. The biomarkers 
are referenced by their corresponding Affymetrix U133 plus 
2.0 probeset names given in Table 30. 
0034 FIG. 3 illustrates the overall accuracy, sensitivity, 
and specificity of 500 trees used to train a decision tree using 
the Random Forests method based upon Tse static data 
obtained from a training population in accordance with an 
embodiment of the present invention. 
0035 FIG. 4 illustrates the biomarker importance in the 
decision rule trained using the trees of FIG. 3. 
0036 FIG. 5 illustrates the overall accuracy, with 95% 
confidence interval bars, specificity, and sensitivity of a deci 
sion rule developed with predictive analysis of microarrays 
(PAM) using the biomarkers of the present invention across 
Tse static data obtained from a training population. 
0037 FIG. 6 is a list of biomarkers, rank-ordered by their 
respective degrees of discriminatory power, identified by 
PAM using Tse static data obtained from a training popula 
tion. The biomarkers are referenced by their corresponding 
Affymetrix U133 plus 2.0 probeset names given in Table 30. 
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0038 FIG. 7 illustrates CART, PAM, and random forests 
classification algorithm performance data, and associated 
95% confidence intervals, for Testatic data obtained from a 
training population. 
0.039 FIG. 8 illustrates the number of times that common 
biomarkers were found to be important across the decision 
rules developed using (i) CART, (ii) PAM, (iii) random for 
ests, and (iv) the Wilcoxon (adjusted) test, for T Static data 
obtained from a training population. 
0040 FIG. 9 illustrates an overall ranking of biomarkers 
for T static data obtained from a training population. The 
biomarkers are referenced by their corresponding Affymetrix 
U133 plus 2.0 probeset names given in Table 30. 
0041 FIG. 10 illustrates a classification and regression 
tree for discriminating between a SIRS phenotypic state char 
acterized by the onset of sepsis and a SIRS phenotypic state 
characterized by the absence of sepsis using data using T2 
static data obtained from a training population in accordance 
with an embodiment of the present invention. 
0.042 FIG. 11 shows the distribution of feature values for 
four biomarkers used in the decision tree of FIG. 10 using 
T static data obtained from a training population in accor 
dance with an embodiment of the present invention. The 
biomarkers are referenced by their corresponding Affymetrix 
U133 plus 2.0 probeset names given in Table 30. 
0043 FIG. 12 illustrates the overall accuracy, sensitivity, 
and specificity of 500 trees used to train a decision tree using 
the Random Forests method based upon T 2 static data 
obtained from a training population in accordance with an 
embodiment of the present invention. 
0044 FIG. 13 illustrates the biomarker importance in the 
decision rule trained using the trees of FIG. 12. The biomar 
kers are referenced by their corresponding Affymetrix U133 
plus 2.0 probeset names given in Table 30. 
0045 FIG. 14 illustrates a calculation of biomarker impor 
tance, summing to 100%, determined by a multiple additive 
regression tree (MART) approach using T 2 static data 
obtained from a training population. The biomarkers are ref 
erenced by their corresponding Affymetrix U133 plus 2.0 
probeset names given in Table 30. 
0046 FIG. 15 illustrates the distribution of feature values 
of the biomarkers selected by the MART approach illustrated 
in FIG. 14 between the Sepsis and SIRS groups using T. 
static data obtained from a training population. The biomar 
kers are referenced by their corresponding Affymetrix U133 
plus 2.0 probeset names given in Table 30. 
0047 FIG. 16 illustrates the overall accuracy, with 95% 
confidence interval bars, specificity, and sensitivity of a deci 
sion rule developed with predictive analysis of microarrays 
(PAM) using the biomarkers of the present invention using 
T static data obtained from a training population. 
0048 FIG. 17 is a list of biomarkers, rank-ordered by their 
respective degrees of discriminatory power, identified by 
PAM using T static data obtained from a training popula 
tion. The biomarkers are referenced by their corresponding 
Affymetrix U133 plus 2.0 probeset names given in Table 30. 
0049 FIG. 18 provides a summary of the CART, MART, 
PAM, and random forests (RF) classification algorithm (deci 
sion rule) performance and associated 95% confidence inter 
vals using T static data obtained from a training popula 
tion. 
0050 FIG. 19 illustrates the number of times that common 
biomarkers were found to be important across the decision 
rules developed using (i) CART, (ii) MART, (iii) PAM, (iv) 
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random forests, and (v) the Wilcoxon (adjusted) test using 
T static data obtained from a training population. The 
biomarkers are referenced by their corresponding Affymetrix 
U133 plus 2.0 probeset names given in Table 30. 
0051 FIG. 20 illustrates an overall ranking of biomarkers 
using T 2 static data obtained from a training population. 
0.052 FIG. 21 illustrates a classification and regression 
tree for discriminating between a SIRS phenotypic state char 
acterized by the onset of sepsis and a SIRS phenotypic state 
characterized by the absence of sepsis using T. baseline 
data obtained from a training population in accordance with 
an embodiment of the present invention. 
0053 FIG.22 shows the distribution of the feature values 
of five biomarkers used in the decision tree of FIG. 21 using 
T. baseline data obtained from a training population in 
accordance with an embodiment of the present invention. The 
biomarkers are referenced by their corresponding Affymetrix 
U133 plus 2.0 probeset names given in Table 30. 
0054 FIG. 23 illustrates the overall accuracy, sensitivity, 
and specificity of 500 trees used to train a decision tree using 
the RandomForests method using Tabaseline data obtained 
from a training population in accordance with an embodiment 
of the present invention. 
0055 FIG. 24 illustrates the biomarker importance in the 
decision rule trained using the trees of FIG. 23. The biomar 
kers are referenced by their corresponding Affymetrix U133 
plus 2.0 probeset names given in Table 30. 
0056 FIG. 25 illustrates the overall accuracy, with 95% 
confidence interval bars, specificity, and sensitivity of a deci 
sion rule developed with predictive analysis of microarrays 
(PAM) using select biomarkers of the present invention and 
T. baseline data obtained from a training population. 
0057 FIG. 26 is a list of biomarkers, rank-ordered by their 
respective degrees of discriminatory power, identified by 
PAM using T 2 baseline data obtained from a training popu 
lation. The biomarkers are referenced by their corresponding 
Affymetrix U133 plus 2.0 probeset names given in Table 30. 
0058 FIG. 27 illustrates CART, PAM, and random forests 
classificationalgorithm (decision rule) performance data, and 
associated 95% confidence intervals, using Tabaseline data 
obtained from a training population in accordance with an 
embodiment of the present invention. 
0059 FIG.28 illustrates the number of times that common 
biomarkers were found to be important across the decision 
rules developed using (i) CART, (ii) PAM, (iii) random for 
ests, and (iv) the Wilcoxon (adjusted) test using Tabaseline 
data obtained from a training population. 
0060 FIG. 29 illustrates an overall ranking of biomarkers 
for data obtained using T. baseline data obtained from a 
training population. The biomarkers are referenced by their 
corresponding Affymetrix U133 plus 2.0 probeset names 
given in Table 30. 
0061 FIG. 30 illustrates the filters applied to identify 
biomarkers that discriminate between subjects that will get 
sepsis during a defined time period and Subjects that will not 
get sepsis during the defined time period using data obtained 
from a training population, in accordance with an embodi 
ment of the present invention. Other combinations of biom 
arkers are disclosed herein including, for example, in Section 
5.3 and in Section 6. 

0062 FIG. 31 shows the correlation between IL18R1 
expression, as determined by RT-PCR, and the intensity of the 
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X206618 at probeset, as determined using Affymetrix U133 
plus 2.0 microarray measurements, across a training popula 
tion. 

0063 FIG. 32 shows the correlation between FCGR1A 
expression, as determined by RT-PCR, and the intensity of the 
X21451 1 x at, X216950 s at and X216951 at probesets, 
as determined using Affymetrix U133 plus 2.0 microarray 
measurements, across a training population. 
0064 FIG. 33 shows the correlation between MMP9 
expression, as determined by RT-PCR, and the intensity of the 
X203936 s at probeset, as determined using Affymetrix 
U133 plus 2.0 microarray measurements, across a training 
population. 
0065 FIG. 34 shows the correlation between CD86 
expression, as determined by RT-PCR, and the intensity of the 
X205685 at, X205686 s at, and X210895 s at probesets, 
as determined using Affymetrix U133 plus 2.0 microarray 
measurements, across a training population. 
0066 FIG. 35 shows a computer system in accordance 
with the present invention. 
0067 FIG. 36 illustrates a classification and regression 
tree for discriminating between a SIRS phenotypic state char 
acterized by the onset of sepsis and a SIRS phenotypic state 
characterized by the absence of sepsis using T static data 
obtained from an RT-PCR discovery training population in 
accordance with an embodiment of the present invention. 
0068 FIG. 37 shows the distribution of feature values for 
seven biomarkers used in the decision tree of FIG. 36 across 
T static data obtained from an RT-PCR discovery training 
population in accordance with an embodiment of the present 
invention. 

0069 FIG. 38 illustrates the overall accuracy, sensitivity, 
and specificity of 462 trees used to train a decision tree using 
the Random Forests method based upon T 2 static data 
obtained from an RT-PCR discovery training population in 
accordance with an embodiment of the present invention. 
0070 FIG. 39 illustrates the biomarker importance in the 
decision rule trained using the trees of FIG. 38. 
0071 FIG.40 illustrates a calculation of biomarker impor 
tance, summing to 100%, determined by a multiple additive 
regression tree (MART) approach using T static data 
obtained from an RT-PCR discovery training population. 
0072 FIG. 41 illustrates the distribution of feature values 
of the biomarkers selected by the MART approach illustrated 
in FIG. 40 between the Sepsis and SIRS groups using T 
static data obtained from an RT-PCR discovery training popu 
lation. 

0073 FIG. 42 illustrates the overall accuracy, with 95% 
confidence interval bars, specificity, and sensitivity of a deci 
sion rule developed with predictive analysis of microarrays 
(PAM) using the biomarkers of the present invention using 
T static data obtained from an RT-PCR discovery training 
population. 
0074 FIG. 43 is a list of biomarkers, rank-ordered by their 
respective degrees of discriminatory power, identified by 
PAMusing T static data obtained from an RT-PCR discov 
ery training population. 
0075 FIG. 44 provides a summary of the CART, MART, 
PAM, and random forests (RF) classification algorithm (deci 
sion rule) performance and associated 95% confidence inter 
vals using T static data obtained from an RT-PCR discov 
ery training population. 
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(0076 FIG. 45 identified fifty selected biomarkers selected 
based on the decision rule performance summarized in FIG. 
44. 
(0077 FIG. 46 provides a summary of the CART, MART, 
PAM, and random forests (RF) classification algorithm (deci 
sion rule) performance and associated 95% confidence inter 
vals using T static data obtained from an Affymetrix gene 
chip discovery training population. 
(0078 FIG. 47 provides a summary of the CART, MART, 
PAM, and random forests (RF) classification algorithm (deci 
sion rule) performance and associated 95% confidence inter 
vals using T static data obtained from an RT-PCR confi 
matory training population. 
(0079 FIG. 48 provides a summary of the CART, MART, 
PAM, and random forests (RF) classification algorithm (deci 
sion rule) performance and associated 95% confidence inter 
vals using T static data obtained from a combined pool of 
a Affymetrix gene chip confirmatory training population and 
an RT-PCR confirmatory training population. 
0080 FIG. 49 illustrates a classification and regression 
tree for discriminating between a SIRS phenotypic state char 
acterized by the onset of sepsis and a SIRS phenotypic state 
characterized by the absence of sepsis using T 2 static data 
obtained from a bead-based protein discovery training popu 
lation in accordance with an embodiment of the present 
invention. 

0081 FIG. 50 shows the distribution of feature values for 
ten biomarkers used in the decision tree of FIG. 49 across 
T static data obtained from a bead-based protein discovery 
training population in accordance with an embodiment of the 
present invention. 
I0082 FIG. 51 illustrates the overall accuracy, sensitivity, 
and specificity of 64 trees used to train a decision tree using 
the Random Forests method based upon T 2 static data 
obtained from a bead-based protein discovery training popu 
lation in accordance with an embodiment of the present 
invention. 

I0083 FIG. 52 illustrates the biomarker importance in the 
decision rule trained using the trees of FIG. 51. 
I0084 FIG. 53 illustrates a calculation of biomarker impor 
tance, summing to 100%, determined by a multiple additive 
regression tree (MART) approach using T 2 static data 
obtained from a bead-based protein discovery training popu 
lation in accordance with an embodiment of the present 
invention. 

0085 FIG. 54 illustrates the distribution of feature values 
of the biomarkers selected by the MART approach illustrated 
in FIG. 53 between the Sepsis and SIRS groups using T 
static data obtained from a bead-based protein discovery 
training population in accordance with an embodiment of the 
present invention. 
I0086 FIG. 55 illustrates the overall accuracy, with 95% 
confidence interval bars, specificity, and sensitivity of a deci 
sion rule developed with predictive analysis of microarrays 
(PAM) using the biomarkers of the present invention using 
T static data obtained from a bead-based protein discovery 
training population in accordance with an embodiment of the 
present invention. 
I0087 FIG.56 is a list of biomarkers, rank-ordered by their 
respective degrees of discriminatory power, identified by 
PAM using T static data obtained from a bead-based pro 
tein discovery training population in accordance with an 
embodiment of the present invention. 
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I0088 FIG. 57 provides a summary of the CART, MART, 
PAM, and random forests (RF) classification algorithm (deci 
sion rule) performance and associated 95% confidence inter 
vals using T static data obtained from a bead-based protein 
discovery training population in accordance with an embodi 
ment of the present invention. 
0089 FIG.58 illustrates the number of times that common 
biomarkers were found to be important across the decision 
rules developed using (i) CART, (ii) MART, (iii) PAM, (iv) 
random forests, and (v) the Wilcoxon (adjusted) test using 
T static data obtained from a bead-based protein discovery 
training population in accordance with an embodiment of the 
present invention. 
0090 FIG. 59 provides a summary of the CART, MART, 
PAM, and random forests (RF) classification algorithm (deci 
sion rule) performance and associated 95% confidence inter 
vals using T 2 static data obtained from a bead-based protein 
confirmation training population in accordance with an 
embodiment of the present invention. 
0091 FIG. 60 plots the sepsis predicting accuracy of each 
of 24 families of Subcombinations from Table J, using T2 
nucleic acid data, in a bar graph fashion, in accordance with 
an embodiment of the present invention. 
0092 FIG. 61 plots the sepsis predicting performance (ac 
curacy) of each individual subcombination in each of 24 
families of subcombinations, for a total of 4800 subcombina 
tions from Table J, using T a nucleic acid data, in accordance 
with an embodiment of the present invention. 
0093 FIG. 62 plots the sepsis predicting accuracy of each 
of 8 families of subcombinations from Table K, using T 
protein data, in a bar graph fashion, in accordance with an 
embodiment of the present invention. 
0094 FIG. 63 plots the sepsis predicting performance (ac 
curacy) of each individual subcombination in each of 8 fami 
lies of subcombinations, for a total of 1600 subcombinations 
from Table K, using T2 protein data, in accordance with an 
embodiment of the present invention. 
0095 FIG. 64 plots the sepsis predicting accuracy of each 
of 8 families of subcombinations from Table K, using T. 
protein data, in a bar graph fashion, in accordance with an 
embodiment of the present invention. 
0096 FIG. 65 plots the sepsis predicting performance (ac 
curacy) of each individual subcombination in each of 8 fami 
lies of subcombinations, for a total of 1600 subcombinations 
from Table K, using Ts protein data, in accordance with an 
embodiment of the present invention. 
0097 FIG. 66 plots the sepsis predicting accuracy of each 
of 23 families of subcombinations from Table J, using T. 
nucleic acid data, in a bar graph fashion, in accordance with 
an embodiment of the present invention. 
0098 FIG. 67 plots the sepsis predicting performance (ac 
curacy) of each individual subcombination in each of 23 
families of subcombinations, for a total of 4600 subcombina 
tions from Table J, using Tse nucleic acid data, in accordance 
with an embodiment of the present invention. 
0099 FIG. 68 plots the sepsis predicting accuracy of each 
of 23 families of subcombinations from Table I, using T 
combined protein and nucleic acid data, in a bar graph fash 
ion, in accordance with an embodiment of the present inven 
tion. 
0100 FIG. 69 plots the sepsis predicting performance (ac 
curacy) of each individual subcombination in each of 23 
families of subcombinations, for a total of 4600 subcombina 
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tions from Table I, using T combined protein and nucleic 
acid data, in accordance with an embodiment of the present 
invention. 
0101 FIG. 70 plots the sepsis predicting accuracy of each 
of 23 families of subcombinations from Table I, using T. 
combined protein and nucleic acid data, in a bar graph fash 
ion, in accordance with an embodiment of the present inven 
tion. 
0102 FIG.71 plots the sepsis predicting performance (ac 
curacy) of each individual subcombination in each of 23 
families of subcombinations, for a total of 4600 subcombina 
tions from Table I, using T combined protein and nucleic 
acid data, in accordance with an embodiment of the present 
invention. 

5. DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0103) The present invention allows for the rapid and accu 
rate diagnosis or prediction of sepsis by evaluating biomarker 
features in biomarker profiles. These biomarker profiles can 
be constructed from one or more biological samples of Sub 
jects at a single time point ('snapshot'), or multiple Such time 
points, during the course of time the Subject is at risk for 
developing sepsis. Advantageously, sepsis can be diagnosed 
or predicted prior to the onset of conventional clinical sepsis 
symptoms, thereby allowing for more effective therapeutic 
intervention. 

5.1 DEFINITIONS 

0104 “Systemic inflammatory response syndrome,” or 
“SIRS refers to a clinical response to a variety of severe 
clinical insults, as manifested by two or more of the following 
conditions within a 24-hour period: 

0105 body temperature greater than 38°C. (100.4°F) 
or less than 36°C. (96.8°F): 

0106 heart rate (HR) greater than 90 beats/minute; 
0.107 respiratory rate (RR) greater than 20 breaths/ 
minute, or P. less than 32 mmHg, or requiring 
mechanical ventilation; and 

0108) white blood cell count (WBC) either greater than 
12.0x10/L or less than 4.0x10/L. 

0109 These symptoms of SIRS represent a consensus 
definition of SIRS that can be modified or supplanted by other 
definitions in the future. The present definition is used to 
clarify current clinical practice and does not represent a criti 
cal aspect of the invention (see, e.g., American College of 
Chest Physicians/Society of Critical Care Medicine Consen 
sus Conference: Definitions for Sepsis and Organ Failure and 
Guidelines for the Use of Innovative Therapies in Sepsis, 
1992, Crit. Care. Med. 20, 864-874, the entire contents of 
which are herein incorporated by reference). 
0110. A subject with SIRS has a clinical presentation that 

is classified as SIRS, as defined above, but is not clinically 
deemed to be septic. Methods for determining which subjects 
are at risk of developing sepsis are well known to those in the 
art. Such subjects include, for example, those in an ICU and 
those who have otherwise suffered from a physiological 
trauma, such as a burn, Surgery or other insult. A hallmark of 
SIRS is the creation of a proinflammatory state that can be 
marked by tachycardia, tachypnea or hyperpnea, hypoten 
Sion, hypoperfusion, oliguria, leukocytosis or leukopenia, 
pyrexia or hypothermia and the need for Volume infusion. 
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SIRS characteristically does not include a documented source 
of infection (e.g., bacteremia). 
0111. “Sepsis” refers to a systemic host response to infec 
tion with SIRS plus a documented infection (e.g., a subse 
quent laboratory confirmation of a clinically significant infec 
tion Such as a positive culture for an organism). Thus, sepsis 
refers to the systemic inflammatory response to a documented 
infection (see, e.g., American College of Chest Physicians 
Society of Critical Care Medicine, Chest, 1997, 101:1644 
1655, the entire contents of which are herein incorporated by 
reference). As used herein, 'sepsis includes all stages of 
sepsis including, but not limited to, the onset of sepsis, severe 
sepsis, septic shock and multiple organ dysfunction (“MOD) 
associated with the end stages of sepsis. 
0112 The “onset of sepsis” refers to an early stage of 
sepsis, e.g., prior to a stage when conventional clinical mani 
festations are Sufficient to Support a clinical Suspicion of 
sepsis. Because the methods of the present invention are used 
to detect sepsis prior to a time that sepsis would be suspected 
using conventional techniques, the Subject's disease status at 
early sepsis can only be confirmed retrospectively, when the 
manifestation of sepsis is more clinically obvious. The exact 
mechanism by which a subject becomes septic is not a critical 
aspect of the invention. The methods of the present invention 
can detect the onset of sepsis independent of the origin of the 
infectious process. 
0113 “Severe sepsis” refers to sepsis associated with 
organ dysfunction, hypoperfusion abnormalities, or sepsis 
induced hypotension. Hypoperfusion abnormalities include, 
but are not limited to, lactic acidosis, oliguria, or an acute 
alteration in mental status. 
0114 “Septic shock” refers to sepsis-induced hypotension 
that is not responsive to adequate intravenous fluid challenge 
and with manifestations of peripheral hypoperfusion. 
0115. A “converter” or “converter subject” refers to a 
SIRS-positive subject who progresses to clinical suspicion of 
sepsis during the period the Subject is monitored, typically 
during an ICU stay. 
0116. A “non-converter” or “non-converter subject” refers 

to a SIRS-positive subject who does not progress to clinical 
Suspicion of sepsis during the period the Subject is monitored, 
typically during an ICU stay. 
0117. A “biomarker is virtually any detectable com 
pound. Such as a protein, a peptide, a proteoglycan, a glyco 
protein, a lipoprotein, a carbohydrate, a lipid, a nucleic acid 
(e.g., DNA, such as cDNA or amplified DNA, or RNA, such 
as mRNA), an organic or inorganic chemical, a natural or 
synthetic polymer, a small molecule (e.g., a metabolite), or a 
discriminating molecule or discriminating fragment of any of 
the foregoing, that is present in or derived from a biological 
sample. “Derived from as used in this context refers to a 
compound that, when detected, is indicative of a particular 
molecule being present in the biological sample. For 
example, detection of a particular cDNA can be indicative of 
the presence of a particular RNA transcript in the biological 
sample. As another example, detection of or binding to a 
particular antibody can be indicative of the presence of a 
particular antigen (e.g., protein) in the biological sample. 
Here, a discriminating molecule or fragment is a molecule or 
fragment that, when detected, indicates presence or abun 
dance of an above-identified compound. 
0118. A biomarker can, for example, be isolated from the 
biological sample, directly measured in the biological 
sample, or detected in or determined to be in the biological 
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sample. A biomarker can, for example, be functional, par 
tially functional, or non-functional. In one embodiment of the 
present invention, a biomarker is isolated and used, for 
example, to raise a specifically-binding antibody that can 
facilitate biomarker detection in a variety of diagnostic 
assays. Any immunoassay may use any antibodies, antibody 
fragment or derivative thereof capable of binding the biom 
arker molecules (e.g., Fab., F(ab'). Fv, or Schv fragments). 
Such immunoassays are well-known in the art. In addition, if 
the biomarker is a protein or fragment thereof, it can be 
sequenced and its encoding gene can be cloned using well 
established techniques. 
0119. As used herein, the term “a species of a biomarker' 
refers to any discriminating portion or discriminating frag 
ment of a biomarker described herein, Such as a splice variant 
of a particular gene described herein (e.g., a gene listed in 
Table 30, or Table I, or Table J, or Table K, infra). Here, a 
discriminating portion or discriminating fragment is a portion 
or fragment of a molecule that, when detected, indicates 
presence or abundance of the above-identified transcript, 
cDNA, amplified nucleic acid, or protein. 
0.120. As used herein, the terms “protein', 'peptide', and 
"polypeptide' are, unless otherwise indicated, interchange 
able. 

I0121. A “biomarker profile' comprises a plurality of one 
or more types of biomarkers (e.g., an mRNA molecule, a 
cDNA molecule, a protein and/or a carbohydrate, etc.), or an 
indication thereof, together with a feature, such as a measur 
able aspect (e.g., abundance) of the biomarkers. A biomarker 
profile comprises at least two Such biomarkers or indications 
thereof, where the biomarkers can be in the same or different 
classes, such as, for example, a nucleic acid and a carbohy 
drate. A biomarker profile may also comprise at least 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 30,35, 40, 45, 50,55, 60, 65,70, 75, 80, 85,90, 95, or 
100 or more biomarkers or indications thereof. In one 
embodiment, a biomarker profile comprises hundreds, or 
eventhousands, of biomarkers or indications thereof. A biom 
arker profile can further comprise one or more controls or 
internal standards. In one embodiment, the biomarker profile 
comprises at least one biomarker, or indication thereof, that 
serves as an internal standard. In another embodiment, a 
biomarker profile comprises an indication of one or more 
types of biomarkers. The term “indication” as used herein in 
this context merely refers to a situation where the biomarker 
profile contains symbols, data, abbreviations or other similar 
indicia for a biomarker, rather than the biomarker molecular 
entity itself. For instance, consider an exemplary biomarker 
profile of the present invention that comprises the Affymetrix 
(Santa Clara, Calif.) U133 plus 2.0205013 s at and 209369 
at probesets. Another exemplary biomarker profile of the 
present invention comprises the name of genes used to derive 
the Affymetrix (Santa Clara, Calif.) U133 plus 2.0 205013 
s at and 2093.69 at probesets. In still another exemplary 
biomarker profile of the present invention, the biomarker 
profile comprises a physical quantity of a transcript of a gene 
from which the 205013 s at probeset was derived, and a 
physical quantity of a transcript of a gene from which the 
2093.69 at probeset was derived. In another embodiment, the 
biomarker profile comprises a nominal indication of the 
quantity of a transcript of a gene from which the 205013 s at 
probeset was derived and a nominal indication of the quantity 
of transcript of a gene from which the 2093.69 at probeset 
was derived. Still another exemplary biomarker profile of the 
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present invention comprises a microarray to which a physical 
quantity of a gene transcript from which the 205013 s at 
probeset was derived is bound at a first probe spot on the 
microarray and an abundance of a genetranscript from which 
the 2093.69 at probeset was derived is bound to a second 
probe spot on the microarray. In this last exemplary biomar 
ker profile, at least twenty percent, forty percent, or more than 
forty percent of the probes spots are based on sequences in the 
probesets given in Table 30. In another exemplary biomarker 
profile, at least twenty percent, forty percent, or more than 
forty percent of the probes spots are based on sequences in the 
probesets given in Table 31. 
0122 Each biomarker in a biomarker profile includes a 
corresponding “feature. A “feature', as used herein, refers to 
a measurable aspect of a biomarker. A feature can include, for 
example, the presence or absence of biomarkers in the bio 
logical sample from the Subject as illustrated in exemplary 
biomarker profile 1: 

Exemplary biomarker profile 1. 

Feature 
Biomarker Presence in sample 

transcript of gene A Present 
transcript of gene B Absent 

0123. In exemplary biomarker profile 1, the feature value 
for the transcript of gene A is “presence” and the feature value 
for the transcript of gene B is “absence.” 
0.124. A feature can include, for example, the abundance 
of a biomarker in the biological sample from a subject as 
illustrated in exemplary biomarker profile 2: 

Exemplary biomarker profile 2. 

Feature 
Abundance in Sample 

Biomarker in relative units 

transcript of gene A 3OO 
transcript of gene B 400 

0.125. In exemplary biomarker profile 2, the feature value 
for the transcript of gene A is 300 units and the feature value 
for the transcript of gene B is 400 units. 
0126. A feature can also be a ratio of two or more measur 
able aspects of a biomarker as illustrated in exemplary biom 
arker profile 3: 

Exemplary biomarker profile 3. 

Feature 
Ratio of abundance of transcript of 

Biomarker gene A?transcript of gene B 

transcript of gene A 300,400 
transcript of gene B 

0127. In exemplary biomarker profile 3, the feature value 
for the transcript of gene A and the feature value for the 
transcript of gene B is 0.75 (300/400). 
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I0128. A feature may also be the difference between a 
measurable aspect of the corresponding biomarker that is 
taken from two samples, where the two samples are collected 
from a subject at two different time points. For example, 
consider the case where the biomarker is a transcript of a gene 
A and the “measurable aspect' is abundance of the transcript, 
in Samples obtained from a test Subject as determined by, e.g., 
RT-PCR or microarray analysis. In this example, the abun 
dance of the transcript of gene A is measured in a first sample 
as well as a second sample. The first sample is taken from the 
test subject a number of hours before the second sample. To 
compute the feature for gene A, the abundance of the tran 
Script of gene A in one sample is subtracted from the abun 
dance of the transcript of gene A in the second sample. A 
feature can also be an indication as to whether an abundance 
of a biomarker is increasing in biological samples obtained 
from a Subject over time and/oran indication as to whetheran 
abundance of a biomarker is decreasing in biological samples 
obtained from a subject over time. 
0129. In some embodiments, there is a one-to-one corre 
spondence between features and biomarkers in a biomarker 
profile as illustrated in exemplary biomarker profile 1, above. 
In some embodiments, the relationship between features and 
biomarkers in a biomarker profile of the present invention is 
more complex, as illustrated in Exemplary biomarker profile 
3, above. 
0.130 Those of skill in the art will appreciate that other 
methods of computation of a feature can be devised and all 
such methods are within the scope of the present invention. 
For example, a feature can represent the average of an abun 
dance of a biomarker across biological samples collected 
from a Subject at two or more time points. Furthermore, a 
feature can be the difference or ratio of the abundance of two 
or more biomarkers from a biological sample obtained from a 
Subject in a single time point. A biomarker profile may also 
comprise at least three, four, five, 10, 20, 30 or more features. 
In one embodiment, a biomarker profile comprises hundreds, 
or even thousands, of features. 
0.131. In some embodiments, features of biomarkers are 
measured using microarrays. The construction of microar 
rays and the techniques used to process microarrays in order 
to obtain abundance data is well known, and is described, for 
example, by Draghici, 2003, Data Analysis Tools for DNA 
Microarrays, Chapman & Hall/CRC, and international pub 
lication number WO 03/061564, each of which is hereby 
incorporated by reference in its entirety. A microarray com 
prises a plurality of probes. In some instances, each probe 
recognizes, e.g., binds to, a different biomarker. In some 
instances, two or more different probes on a microarray rec 
ognize, e.g., bind to, the same biomarker. Thus, typically, the 
relationship between probe spots on the microarray and a 
Subject biomarker is a two to one correspondence, a three to 
one correspondence, or some other form of correspondence. 
However, it can be the case that there is a unique one-to-one 
correspondence between probes on a microarray and biom 
arkers. 
0.132. A "phenotypic change' is a detectable change in a 
parameter associated with a given State of the Subject. For 
instance, a phenotypic change can include an increase or 
decrease of a biomarker in a bodily fluid, where the change is 
associated with SIRS, sepsis, the onset of sepsis or with a 
particular stage in the progression of sepsis. A phenotypic 
change can further include a change in a detectable aspect of 
a given state of the Subject that is not a change in a measurable 
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aspect of a biomarker. For example, a change in phenotype 
can include a detectable change in body temperature, respi 
ration rate, pulse, blood pressure, or other physiological 
parameter. Such changes can be determined via clinical 
observation and measurement using conventional techniques 
that are well-known to the skilled artisan. 

0133. As used herein, the term “complementary.” in the 
context of a nucleic acid sequence (e.g., a nucleotide 
sequence encoding a gene described herein), refers to the 
chemical affinity between specific nitrogenous bases as a 
result of their hydrogen bonding properties. For example, 
guanine (G) forms a hydrogen bond with only cytosine (C), 
while adenine forms a hydrogen bond only with thymine (T) 
in the case of DNA, and uracil (U) in the case of RNA. These 
reactions are described as base pairing, and the paired bases 
(G with C, or A with T/U) are said to be complementary. Thus, 
two nucleic acid sequences may be complementary if their 
nitrogenous bases are able to form hydrogen bonds. Such 
sequences are referred to as “complements of each other. 
Such complement sequences can be naturally occurring, or, 
they can be chemically synthesized by any method known to 
those skilled in the art, as for example, in the case of antisense 
nucleic acid molecules which are complementary to the sense 
strand of a DNA molecule or an RNA molecule (e.g., an 
mRNA transcript). See, e.g., Lewin, 2002, Genes VII. Oxford 
University Press Inc., New York, N.Y., which is hereby incor 
porated by reference. 
0134. As used herein, "conventional techniques' in the 
context of diagnosing or predicting sepsis or SIRS are those 
techniques that classify a subject based on phenotypic 
changes without obtaining a biomarker profile according to 
the present invention. 
0135 A“decision rule' is a method used to evaluate biom 
arker profiles. Such decision rules can take on one or more 
forms that are known in the art, as exemplified in Hastie et al., 
2001, The Elements of Statistical Learning, Springer-Verlag, 
New York, which is hereby incorporated by reference in its 
entirety. A decision rule may be used to act on a data set of 
features to, interalia, predict the onset of sepsis, to determine 
the progression of sepsis, or to diagnose sepsis. Exemplary 
decision rules that can be used in some embodiments of the 
present invention are described in further detail in Section 
5.5, below. 
0.136 “Predicting the development of sepsis is the deter 
mination as to whethera subject will develop sepsis. Any Such 
prediction is limited by the accuracy of the means used to 
make this determination. The present invention provides a 
method, e.g., by utilizing a decision rule(s), for making this 
determination with an accuracy that is 60% or greater. As 
used herein, the terms “predicting the development of sepsis 
and “predicting sepsis are interchangeable. In some embodi 
ments, the act of predicting the development of sepsis (pre 
dicting sepsis) is accomplished by evaluating one or more 
biomarker profiles from a subject using a decision rule that is 
indicative of the development of sepsis and, as a result of this 
evaluation, receiving a result from the decision rule that indi 
cates that the subject will become septic. Such an evaluation 
of one or more biomarker profiles from a test Subject using a 
decision rule uses some or all the features in the one or more 
biomarker profiles to obtain such a result. 
0.137 The terms “obtain” and “obtaining,” as used herein, 
mean “to come into possession of” or "coming into posses 
sion of respectively. This can be done, for example, by 
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retrieving data from a data store in a computer system. This 
can also be done, for example, by direct measurement. 
0.138. As used herein, the term “specifically, and analo 
gous terms, in the context of an antibody, refers to peptides, 
polypeptides, and antibodies or fragments thereof that spe 
cifically bind to an antigen or a fragment and do not specifi 
cally bind to other antigens or other fragments. A peptide or 
polypeptide that specifically binds to an antigen may bind to 
other peptides or polypeptides with lower affinity, as deter 
mined by standard experimental techniques, for example, by 
any immunoassay well-known to those skilled in the art. Such 
immunoassays include, but are not limited to, radioimmu 
noassays (RIAS) and enzyme-linked immunosorbent assays 
(ELISAs). Antibodies or fragments that specifically bind to 
an antigen may be cross-reactive with related antigens. Pref 
erably, antibodies or fragments thereof that specifically bind 
to an antigen do not cross-react with other antigens. See, e.g., 
Paul, ed., 2003, Fundamental Immunology, 5th ed., Raven 
Press, New York at pages 69-105, which is incorporated by 
reference herein, for a discussion regarding antigen-antibody 
interactions, specificity and cross-reactivity, and methods for 
determining all of the above. 
0.139. As used herein, a “subject' is an animal, preferably 
a mammal, more preferably a non-human primate, and most 
preferably a human. The terms “subject’ “individual' and 
“patient” are used interchangeably herein. 
0140. As used herein, a “test subject typically, is any 
Subject that is not in a training population used to construct a 
decision rule. A test subject can optionally be suspected of 
either having sepsis at risk of developing sepsis. 
0.141. As used herein, a “tissue type is a type of tissue. A 
tissue is an association of cells of a multicellular organism, 
with a common embryoloical origin or pathway and similar 
structure and function. Often, cells of a tissue are contiguous 
at cell membranes but occasionally the tissue may be fluid 
(e.g., blood). Cells of a tissue may be all of one type (a simple 
tissue, e.g., squamous epithelium, plant parentchyma) or of 
more than one type (a mixed tissue, e.g., connective tissue). 
0142. As used herein, a “training population' is a set of 
samples from a population of Subjects used to construct a 
decision rule, using a data analysis algorithm, for evaluation 
of the biomarker profiles of subjects at risk for developing 
sepsis. In a preferred embodiment, a training population 
includes samples from Subjects that are converters and Sub 
jects that are nonconverters. 
0143. As used herein, a “data analysis algorithm' is an 
algorithm used to construct a decision rule using biomarker 
profiles of Subjects in a training population. Representative 
data analysis algorithms are described in Section 5.5. A "deci 
sion rule' is the final product of a data analysis algorithm, and 
is characterized by one or more value sets, where each of 
these value sets is indicative of an aspect of SIRS, the onset of 
sepsis, sepsis, or a prediction that a Subject will acquire sep 
sis. In one specific example, a value set represents a predic 
tion that a subject will develop sepsis. In another example, a 
value set represents a prediction that a subject will not 
develop sepsis. 
0144. As used herein, a “validation population' is a set of 
samples from a population of subjects used to determine the 
accuracy of a decision rule. In a preferred embodiment, a 
validation population includes samples from Subjects that are 
converters and Subjects that are nonconverters. In a preferred 
embodiment, a validation population does not include Sub 
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jects that are part of the training population used to train the 
decision rule for which an accuracy measurement is sought. 
0145 As used herein, a “value set is a combination of 
values, or ranges of values for features in a biomarker profile. 
The nature of this value set and the values therein is dependent 
upon the type of features present in the biomarker profile and 
the data analysis algorithm used to construct the decision rule 
that dictates the value set. To illustrate, reconsider exemplary 
biomarker profile 2: 

Exemplary biomarker profile 2. 

Feature 
Abundance in Sample 

Biomarker in relative units 

transcript of gene A 3OO 
transcript of gene B 400 

0146 In this example, the biomarker profile of each mem 
ber of a training population is obtained. Each Such biomarker 
profile includes a measured feature, here abundance, for the 
transcript of gene A, and a measured feature, here abundance, 
for the transcript of gene B. These feature values, here abun 
dance values, are used by a data analysis algorithm to con 
struct a decision rule. In this example, the data analysis algo 
rithm is a decision tree, described in Section 5.5.1 and the 
final product of this data analysis algorithm, the decision rule, 
is a decision tree. An exemplary decision tree is illustrated in 
FIG.1. The decision rule defines value sets. One such value 
set is predictive of the onset of sepsis. A subject whose biom 
arker feature values satisfy this value set is likely to become 
septic. An exemplary value set of this class is exemplary value 
set 1: 

Exemplary value set 1. 

Value set component 
(Abundance in Sample 

Biomarker in relative units) 

transcript of gene A <400 
transcript of gene B <600 

0147 Another such value set is predictive of a septic-free 
state. A subject whose biomarker feature values satisfy this 
value set is not likely to become septic. An exemplary value 
set of this class is exemplary value set 2: 

Exemplary value set 2. 

Value set component 
(Abundance in Sample 

Biomarker in relative units) 

transcript of gene A >400 
transcript of gene B >600 

0148. In the case where the data analysis algorithm is a 
neural network analysis and the final product of this neural 
network analysis is an appropriately weighted neural net 
work, one value set is those ranges of biomarker profile fea 
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ture values that will cause the weighted neural network to 
indicate that onset of sepsis is likely. Another value set is 
those ranges of biomarker profile feature values that will 
cause the weighted neural network to indicate that onset of 
sepsis is not likely. 
0149. As used herein, the term “probe spot in the context 
of a microarray refers to a single stranded DNA molecule 
(e.g., a single stranded cDNA molecule or synthetic DNA 
oligomer), referred to herein as a “probe that is used to 
determine the abundance of a particular nucleic acid in a 
sample. For example, a probe spot can be used to determine 
the level of mRNA in a biological sample (e.g., a collection of 
cells) from a test Subject. In a specific embodiment, a typical 
microarray comprises multiple probe spots that are placed 
onto a glass slide (or other Substrate) in known locations on a 
grid. The nucleic acid for each probe spot is a single stranded 
contiguous portion of the sequence of a gene or gene of 
interest (e.g., a 10-mer, 11-mer, 12-mer, 13-mer, 14-mer, 
15-mer, 16-mer, 17-mer, 18-mer, 19-mer, 20-mer, 21-mer, 
22-mer, 23-mer, 24-mer, 25-mer or larger) and is a probe for 
the mRNA encoded by the particular gene or gene of interest. 
Each probe spot is characterized by a single nucleic acid 
sequence, and is hybridized under conditions that cause it to 
hybridize only to its complementary DNA strand or mRNA 
molecule. As such, there can be many probe spots on a Sub 
strate, and each can represent a unique gene or sequence of 
interest. In addition, two or more probe spots can represent 
the same gene sequence. In some embodiments, a labeled 
nucleic sample is hybridized to a probe spot, and the amount 
of labeled nucleic acid specifically hybridized to a probe spot 
can be quantified to determine the levels of that specific 
nucleic acid (e.g., mRNA transcript of a particular gene) in a 
particular biological sample. Probes, probe spots, and 
microarrays, generally, are described in Draghici, 2003, Data 
Analysis Tools for DNA Microarrays, Chapman & Hall/CRC, 
Chapter, 2, which is hereby incorporated by reference in its 
entirety. 
0150. As used herein, the term “annotation data” refers to 
any type of data that describes a property of a biomarker. 
Annotation data includes, but is not limited to, biological 
pathway membership, enzymatic class (e.g., phosphodi 
esterase, kinase, metalloproteinase, etc.), protein domain 
information, enzymatic Substrate information, enzymatic 
reaction information, protein interaction data, disease asso 
ciation, cellular localization, tissue type localization, and cell 
type localization. 
0151. As used herein, the term “T” refers to the last 
time blood was obtained from a subject before the subject is 
clinically diagnosed with sepsis. Since, in the present inven 
tion, blood is collected from subjects each 24 hour period, 
T references the average time period prior to the onset of 
sepsis for a pool of patients, with some patients turning septic 
prior to the 12 hour mark and some patients turning septic 
after the 12 hour mark. However, across a pool of subjects, the 
average time period for this last blood sample is the 12 hour 
mark, hence the name “T” 

5.2 METHODS FORSCREENING SUBJECTS 

0152 The present invention allows for accurate, rapid pre 
diction and/or diagnosis of sepsis through detection of two or 
more features of a biomarker profile of a test individual sus 
pected of or at risk for developing sepsis in each of one or 
more biological samples from a test Subject. In one embodi 
ment, only a single biological sample taken at a single point in 
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time from the test subject is needed to construct a biomarker 
profile that is used to make this prediction or diagnosis of 
sepsis. In another embodiment, multiple biological samples 
taken at different points in time from the test subject are used 
to construct a biomarker profile that is used to make this 
prediction or diagnosis of sepsis. 
0153. In specific embodiments of the invention, subjects at 
risk for developing sepsis or SIRS are screened using the 
methods of the present invention. In accordance with these 
embodiments, the methods of the present invention can be 
employed to screen, for example, Subjects admitted to an ICU 
and/or those who have experienced some sort of trauma (Such 
as, e.g., Surgery, Vehicular accident, gunshot wound, etc.). 
0154) In specific embodiments, a biological sample such 
as, for example, blood, is taken upon admission. In some 
embodiments, a biological sample is blood, plasma, serum, 
saliva, sputum, urine, cerebral spinal fluid, cells, a cellular 
extract, a tissue specimen, a tissue biopsy, or a stool speci 
men. In some embodiments a biological sample is whole 
blood and this whole blood is used to obtain measurements 
for a biomarker profile. In some embodiments a biological 
sample is some component of whole blood. For example, in 
Some embodiments some portion of the mixture of proteins, 
nucleic acid, and/or other molecules (e.g., metabolites) 
within a cellular fraction or within a liquid (e.g., plasma or 
serum fraction) of the blood is resolved as a biomarker profile. 
This can be accomplished by measuring features of the biom 
arkers in the biomarker profile. In some embodiments, the 
biological sample is whole blood but the biomarker profile is 
resolved from biomarkers in a specific cell type that is iso 
lated from the whole blood. In some embodiments, the bio 
logical sample is whole blood but the biomarker profile is 
resolved from biomarkers expressed or otherwise found in 
monocytes that are isolated from the whole blood. In some 
embodiments, the biological sample is whole blood but the 
biomarker profile is resolved from biomarkers expressed or 
otherwise found in red blood cells that are isolated from the 
whole blood. In some embodiments, the biological sample is 
whole blood but the biomarker profile is resolved from biom 
arkers expressed or otherwise found in platelets that are iso 
lated from the whole blood. In some embodiments, the bio 
logical sample is whole blood but the biomarker profile is 
resolved from biomarkers expressed or otherwise found in 
neutriphils that are isolated from the whole blood. In some 
embodiments, the biological sample is whole blood but the 
biomarker profile is resolved from biomarkers expressed or 
otherwise found in eosinophils that are isolated from the 
whole blood. In some embodiments, the biological sample is 
whole blood but the biomarker profile is resolved from biom 
arkers expressed or otherwise found in basophils that are 
isolated from the whole blood. In some embodiments, the 
biological sample is whole blood but the biomarker profile is 
resolved from biomarkers expressed or otherwise found in 
lymphocytes that are isolated from the whole blood. In some 
embodiments, the biological sample is whole blood but the 
biomarker profile is resolved from biomarkers expressed or 
otherwise found in monocytes that are isolated from the 
whole blood. In some embodiments, the biological sample is 
whole blood but the biomarker profile is resolved from one, 
two, three, four, five, six, or seven cell types from the group of 
cells types consisting of red blood cells, platelets, neutrophils, 
eosinophils, basophils, lymphocytes, and monocytes. 
0155. A biomarker profile comprises a plurality of one or 
more types of biomarkers (e.g., an mRNA molecule, a cDNA 
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molecule, a protein and/or a carbohydrate, etc.), or an indi 
cation thereof, together with features, such as a measurable 
aspect (e.g., abundance) of the biomarkers. A biomarker pro 
file can comprise at least two such biomarkers or indications 
thereof, where the biomarkers can be in the same or different 
classes, such as, for example, a nucleic acid and a carbohy 
drate. In some embodiments, a biomarker profile comprises at 
least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 25, 30,35, 40, 45, 50,55, 60, 65,70, 75,80, 85,90, 95, 96, 
100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 
160, 165, 170, 175, 180, 185, 190, 195 or 200 or more biom 
arkers or indications thereof. In one embodiment, a biomar 
ker profile comprises hundreds, or even thousands, of biom 
arkers or indications thereof. In some embodiments, a 
biomarker profile comprises at least 2,3,4,5,6,7,8,9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or 
more biomarkers or indications thereof. In one example, in 
Some embodiments, a biomarker profile comprises at least 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 
30, 35, 40, 45, 50, or more biomarkers selected from Table I 
of Section 5.11, or indications thereof. In another example, in 
Some embodiments, a biomarker profile comprises at least 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 
30, 35, 40 or more biomarkers selected from Table J of Sec 
tion 5.11, or indications thereof. In another example, in some 
embodiments, a biomarker profile comprises any 2, 3, 4, 5, 6, 
7, 8, 9, or all ten biomarkers in Table K of Section 5.11, or 
indications thereof. 

0156. In typical embodiments, each biomarker in the 
biomarker profile is represented by a feature. In other words, 
there is a correspondence between biomarkers and features. 
In some embodiments, the correspondence between biomar 
kers and features is 1:1, meaning that for each biomarkerthere 
is a feature. In some embodiments, there is more than one 
feature for each biomarker. In some embodiments the number 
of features corresponding to one biomarker in the biomarker 
profile is different than then number of features correspond 
ing to another biomarker in the biomarker profile. As such, in 
Some embodiments, a biomarker profile can include at least 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 
30, 35, 40, 45, 50, 55, 60, 65,70, 75, 80, 85,90, 95, 96,100, 
105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 
165, 170, 175, 180, 185, 190, 195 or 200 or more features, 
provided that there are at least 2, 3, 4, 5, 6, or 7 or more 
biomarkers in the biomarker profile. In some embodiments, a 
biomarker profile can include at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or 
more features. Regardless of embodiment, these features can 
be determined through the use of any reproducible measure 
ment technique or combination of measurement techniques. 
Such techniques include those that are well known in the art 
including any technique described herein or, for example, any 
technique disclosed in Section 5.4, infra. Typically, such tech 
niques are used to measure feature values using a biological 
sample taken from a subject at a single point in time or 
multiple samples taken at multiple points in time. In one 
embodiment, an exemplary technique to obtain a biomarker 
profile from a sample taken from a subject is a cDNA microar 
ray (see, e.g., Section 5.4.1.2 and Section 6, infra). In another 
embodiment, an exemplary technique to obtain a biomarker 
profile from a sample taken from a Subject is a protein-based 
assay or other form of protein-based technique Such as 
described in the BDCytometric Bead Array (CBA) Human 
Inflammation Kit Instruction Manual (BDBiosciences) or the 
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bead assay described in U.S. Pat. No. 5,981,180, each of 
which is incorporated herein by reference in their entirety, 
and in particular for their teachings of various methdds of 
assay protein concentrations in biological samples. In still 
another embodiment, the biomarker profile is mixed, mean 
ing that it comprises some biomarkers that are nucleic acids, 
or indications thereof, and some biomarkers that are proteins, 
or indications thereof. In such embodiments, both protein 
based and nucleic acid based techniques are used to obtain a 
biomarker profile from one or more samples taken from a 
subject. In other words, the feature values for the features 
associated with the biomarkers in the biomarker profile that 
are nucleic acids are obtained by nucleic acid based measure 
ment techniques (e.g., a nucleic acid microarray) and the 
feature values for the features associated with the biomarkers 
in the biomarker profile that are proteins are obtained by 
protein based measurement techniques. In some embodi 
ments biomarker profiles can be obtained using a kit, such as 
a kit described in Section 5.3 below. 
0157. In specific embodiments, a subject is screened using 
the methods and compositions of the invention as frequently 
as necessary (e.g., during their stay in the ICU) to diagnose or 
predict sepsis or SIRS in a subject. In a preferred embodi 
ment, the subject is screened soon after they arrive in the ICU. 
In some embodiments, the subject is screened daily after they 
arrive in the ICU. In some embodiments, the subject is 
screened every 1 to 4 hours, 1 to 8 hours, 8 to 12 hours, 12 to 
16 hours, or 16 to 24 hours after they arrive in the ICU. 

5.3 KITS 

0158. The invention also provides kits that are useful in 
diagnosing or predicting the development of sepsis or diag 
nosing SIRS in a subject. In some embodiments, the kits of 
the present invention comprise at least 2, 3,4,5,6,7,8,9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50,55, 
60, 65,70, 75,80, 85,90, 95, 96,100,105,110, 115, 120, 125, 
130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 
190, 195 or 200 or more biomarkers and/or reagents to detect 
the presence or abundance of Such biomarkers. In other 
embodiments, the kits of the present invention comprise at 
least 2, but as many as several hundred or more biomarkers. In 
Some embodiments, the kits of the present invention comprise 
at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 25, 30, 35, 40, 45, 50 or more biomarkers selected 
from Table I of Section 5.11. In some embodiments, the kits 
of the present invention comprise at least 2, 3, 4, 5, 6, 7, 8, 9. 
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40 or more 
biomarkers selected from Table J of Section 5.11. In some 
embodiments, the kits of the present invention comprise at 
least 2, 3, 4, 5, 6, 7, 8, 9, or all 10 of the biomarkers in Table 
K of Section 5.11. In accordance with the definition of biom 
arkers given in Section 5.1, in some instances, a biomarker is 
in fact a discriminating molecule of for example, a gene, 
mRNA, or protein rather than the gene, mRNA, or protein 
itself. Thus, a biomarker could be a molecule that indicates 
the presence or abundance of a particular gene or protein, or 
fragment thereof, identified in any one of Tables I, J., or K of 
Section 5.11 rather than the actual gene or protein itself. Such 
discriminating molecules are sometimes referred to in the art 
as "reagents.” In some embodiments, the kits of the present 
invention comprise at least 2, but as many as several hundred 
or more biomarkers. 
0159. The biomarkers of the kits of the present invention 
can be used to generate biomarker profiles according to the 
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present invention. Examples of classes of compounds of the 
kit include, but are not limited to, proteins and fragments 
thereof, peptides, proteoglycans, glycoproteins, lipoproteins, 
carbohydrates, lipids, nucleic acids (e.g., DNA, such as 
cDNA or amplified DNA, or RNA, such as mRNA), organic 
or inorganic chemicals, natural or synthetic polymers, Small 
molecules (e.g., metabolites), or discriminating molecules or 
discriminating fragments of any of the foregoing. In a specific 
embodiment, a biomarker is of a particular size, (e.g., at least 
10, 15, 20, 25, 30, 35,40, 45,50,55, 60, 65,70, 75,80, 85,90, 
95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 
155, 160, 165,170, 175, 180,185, 190, 195, 200, 1000, 2000, 
3000, 5000, 10 k, 20 k, 100k Daltons or greater). The biom 
arker(s) may be part of an array, or the biomarker(s) may be 
packaged separately and/or individually. The kit may also 
comprise at least one internal standard to be used in generat 
ing the biomarker profiles of the present invention. Likewise, 
the internal standard or standards can be any of the classes of 
compounds described above. 
0160. In one embodiment, the invention provides kits 
comprising probes and/or primers that may or may not be 
immobilized at an addressable position on a Substrate, such as 
found, for example, in a microarray. In a particular embodi 
ment, the invention provides Such a microarray. 
0.161. In a specific embodiment, the invention provides a 
kit for predicting the development of sepsis in a test Subject 
that comprises a plurality of antibodies that specifically bind 
the protein-based biomarkers listed in any one of Tables 30, 
31, 32, 33, 34, 36, I, J, or K. In such embodiments, the 
antibodies themselves are biomarkers within the scope of the 
present invention. In accordance with this embodiment, the 
kit may comprise a set of antibodies or functional fragments 
or derivatives thereof (e.g., Fab, F(ab). Fv, or sclv frag 
ments) that specifically bind at least 2,3,4,5,6,7,8,9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50,55, 60, 
65, 70, 75, 80, 85,90, 95, 100, 105, 110, 115, 120, 125, 130, 
135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 
195 or 200 or more of the protein-based biomarkers set forth 
in any one of Tables 30, 31, 32, 33, 34, 36, I, J, or K. In 
accordance with this embodiment, the kit may include anti 
bodies, fragments or derivatives thereof (e.g., Fab, F(ab'), 
Fv, or schv fragments) that are specific for the biomarkers of 
the present invention. In one embodiment, the antibodies may 
be detectably labeled. 
0162. In a specific embodiment, the invention provides a 
kit for predicting the development of sepsis in a test Subject 
comprises a plurality of antibodies that specifically bind a 
plurality of the protein-based biomarkers listed in Table I of 
Section 5.11. In accordance with this embodiment, the kit 
may comprise a set of antibodies or functional fragments or 
derivatives thereof (e.g., Fab, F(ab'). Fv, or schv fragments) 
that specifically bind at least 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50 or more of the 
biomarkers set forth in Table I. In accordance with this 
embodiment, the kit may include antibodies, fragments or 
derivatives thereof (e.g., Fab, F(ab'). Fv, or schv fragments) 
that are specific for the biomarkers of the present invention. In 
one embodiment, the antibodies may be detectably labeled. 
0163. In other embodiments of the invention, a kit may 
comprise a specific biomarker binding component, such as an 
aptamer. If the biomarkers comprise a nucleic acid, the kit 
may provide an oligonucleotide probe that is capable of form 
ing a duplex with the biomarker or with a complementary 
strand of a biomarker. The oligonucleotide probe may be 




























































































































































































































































































































































