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(57) ABSTRACT 

The early prediction or diagnosis of sepsis advantageously 
alloWs for clinical intervention before the disease rapidly 
progresses beyond initial stages to the more severe stages, 
such as severe sepsis or septic shock, Which are associated 
With high mortality. Early prediction or diagnosis is accom 
plished by comparing an individual’s pro?le of biomarker 
expression to pro?les obtained from one or more control, or 
reference, populations, Which may include a population Who 
develops sepsis. Recognition of features in the individual’s 
biomarker pro?le that are characteristic of the onset of sepsis 
alloWs a clinician to diagnose the onset of sepsis from a 
bodily ?uid isolated at the individual at a single point in 
time. The necessity of monitoring the patient over a period 
of time is, therefore, avoided, advantageously alloWing 
clinical intervention before the onset of serious symptoms. 
Further, because the biomarker expression is assayed for its 
pro?le, identi?cation of the particular biomarkers is unnec 
essary. The comparison of an individual’s biomarker pro?le 
to biomarker pro?les of appropriate reference populations 
likewise can be used to diagnose SIRS in the individual. 
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FIGURE 2 
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DIAGNOSIS OF SEPSIS OR SIRS USING 
BIOMARKER PROFILES 

[0001] The present application claims priority to US. 
Provisional Patent Application Serial No. 60/425,322, ?led 
Nov. 12, 2002, and to US. Provisional Patent Application 
Serial No. 60/503,548, ?led Sep. 17, 2003, both of Which are 
herein incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods of diag 
nosing or predicting sepsis or its stages of progression in an 
individual. The present invention also relates to methods of 
diagnosing systemic in?ammatory response syndrome in an 
individual. 

BACKGROUND OF THE INVENTION 

[0003] Early detection of a disease condition typically 
alloWs for a more effective therapeutic treatment With a 
correspondingly more favorable clinical outcome. In many 
cases, hoWever, early detection of disease symptoms is 
problematic; hence, a disease may become relatively 
advanced before diagnosis is possible. Systemic in?amma 
tory conditions represent one such class of diseases. These 
conditions, particularly sepsis, typically result from an inter 
action betWeen a pathogenic microorganism and the host’s 
defense system that triggers an excessive and dysregulated 
in?ammatory response in the host. The complexity of the 
host’s response during the systemic in?ammatory response 
has complicated efforts toWards understanding disease 
pathogenesis. (RevieWed in Healy, Annul. Pharmacothen 
36: 648-54 (2002).) An incomplete understanding of the 
disease pathogenesis, in turn, contributes to the dif?culty in 
?nding diagnostic biomarkers. Early and reliable diagnosis 
is imperative, hoWever, because of the remarkably rapid 
progression of sepsis into a life-threatening condition. 

[0004] Sepsis folloWs a Well-described time course, pro 
gressing from systemic in?ammatory response syndrome 
(“SIRS”)-negative to SIRS-positive to sepsis, Which may 
then progress to severe sepsis, septic shock, multiple organ 
dysfunction (“MOD”), and ultimately death. Sepsis also 
may arise in an infected individual When the individual 
subsequently develops SIRS. “SIRS” is commonly de?ned 
as the presence of tWo or more of the folloWing parameters: 
body temperature greater than 38° C. or less than 36° C.; 
heart rate greater than 90 beats per minute; respiratory rate 
greater than 20 breaths per minute; PCO2 less than 32 mm 
Hg; and a White blood cell count either less than 4.0><109 
cells/L or greater than 12.0><109 cells/L, or having greater 
than 10% immature band forms. “Sepsis” is commonly 
de?ned as SIRS With a con?rmed infectious process. 
“Severe sepsis” is associated With MOD, hypotension, dis 
seminated intravascular coagulation (“DIC”) or hypoperfu 
sion abnormalities, including lactic acidosis, oliguria, and 
changes in mental status. “Septic shock” is commonly 
de?ned as sepsis-induced hypotension that is resistant to 
?uid resuscitation With the additional presence of hypoper 
fusion abnormalities. 

[0005] Documenting the presence of the pathogenic 
microorganisms clinically signi?cant to sepsis has proven 
dif?cult. Causative microorganisms typically are detected by 
culturing a patient’s blood, sputum, urine, Wound secretion, 
in-dWelling line catheter surfaces, etc. Causative microor 
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ganisms, hoWever, may reside only in certain body microen 
vironments such that the particular material that is cultured 
may not contain the contaminating microorganisms. Detec 
tion may be complicated further by loW numbers of micro 
organisms at the site of infection. LoW numbers of patho 
gens 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 patients pre 
senting clinical manifestations of sepsis. (Rangel-Frausto et 
al., JAIVIA 273: 117-23 (1995).) Diagnosis can be further 
complicated by contamination of samples by non-patho 
genic microorganisms. For example, only 12.4% of detected 
microorganisms Were clinically signi?cant in a study of 707 
patients With septicemia. (Weinstein et al., Clinical Infec 
tious Diseases 24: 584-602 (1997).) 

[0006] The dif?culty in early diagnosis of sepsis is 
re?ected by the high morbidity and mortality associated With 
the disease. 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 mortality 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 
in the order of billions of dollars. 

[0007] A need, therefore, exists for a method of diagnos 
ing sepsis suf?ciently early to alloW effective intervention 
and prevention. Most existing sepsis scoring systems or 
predictive models predict only the risk of late-stage com 
plications, including death, in patients Who already are 
considered septic. Such systems and models, hoWever, do 
not predict the development of sepsis itself. What is par 
ticularly needed is a Way to categoriZe those patients With 
SIRS Who Will or Will not develop sepsis. Currently, 
researchers Will typically de?ne a single biomarker that is 
expressed at a different level in a group of septic patients 
versus a normal (i.e., non-septic) control group of patients. 
US. patent application Ser. No. 10/400,275, ?led Mar. 26, 
2003, the entire contents of Which are hereby incorporated 
by reference, discloses a method of indicating early sepsis 
by analyZing time-dependent changes in the expression level 
of various biomarkers. Accordingly, optimal methods of 
diagnosing early sepsis currently require both measuring a 
plurality of biomarkers and monitoring the expression of 
these biomarkers over a period of time. 

[0008] There is a continuing urgent need in the art to 
diagnose sepsis With speci?city and sensitivity, Without the 
need for monitoring a patient over time. Ideally, diagnosis 
Would be made by a technique that accurately, rapidly, and 
simultaneously measures a plurality of biomarkers at a 
single point in time, thereby minimiZing disease progression 
during the time required for diagnosis. 

SUMMARY OF THE INVENTION 

[0009] The present invention alloWs for accurate, rapid, 
and sensitive prediction and diagnosis of sepsis through a 
measurement of more than one biomarker taken from a 
biological sample at a single point in time. This is accom 
plished by obtaining a biomarker pro?le at a single point in 
time from an individual, particularly an individual at risk of 
developing sepsis, having sepsis, or suspected of having 
sepsis, and comparing the biomarker pro?le from the indi 
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vidual to a reference biomarker pro?le. The reference biom 
arker pro?le may be obtained from a population of indi 
viduals (a “reference population”) Who are, for example, 
afflicted with sepsis or Who are suffering from either the 
onset of sepsis or a particular stage in the progression of 
sepsis. If the biomarker pro?le from the individual contains 
appropriately characteristic features of the biomarker pro?le 
from the reference population, then the individual is diag 
nosed as having a more likely chance of becoming septic, as 
being afflicted with sepsis or as being at the particular stage 
in the progression of sepsis as the reference population. The 
reference biomarker pro?le may also be obtained from 
various populations of individuals including those Who are 
suffering from SIRS or those Who are suffering from an 
infection but Who are not suffering from SIRS. Accordingly, 
the present invention alloWs the clinician to determine, inter 
alia, those patients Who do not have SIRS, Who have SIRS 
but are not likely to develop sepsis Within the time frame of 
the investigation, Who have sepsis, or Who are at risk of 
eventually becoming septic. 

[0010] Although the methods of the present invention are 
particularly useful for detecting or predicting the onset of 
sepsis in SIRS patients, one of ordinary skill in the art Will 
understand that the present methods may be used for any 
patient including, but not limited to, patients suspected of 
having SIRS or of being at any stage of sepsis. For example, 
a biological sample could be taken from a patient, and a 
pro?le of biomarkers in the sample could be compared to 
several different reference biomarker pro?les, each pro?le 
derived from individuals such as, for example, those having 
SIRS or being at a particular stage of sepsis. Classi?cation 
of the patient’s biomarker pro?le as corresponding to the 
pro?le derived from a particular reference population is 
predictive that the patient falls Within the reference popu 
lation. Based on the diagnosis resulting from the methods of 
the present invention, an appropriate treatment regimen 
could then be initiated. 

[0011] Existing methods for the diagnosis or prediction of 
SIRS, sepsis or a stage in the progression of sepsis are based 
on clinical signs and symptoms that are nonspeci?c; there 
fore, the resulting diagnosis often has limited clinical utility. 
Because the methods of the present invention accurately 
detect various stages of sepsis, they can be used to identify 
those individuals Who might appropriately be enrolled in a 
therapeutic study. Because sepsis may be predicted or diag 
nosed from a “snapshot” of biomarker expression in a 
biological sample obtained at a single point in time, this 
therapeutic study may be initiated before the onset of serious 
clinical symptoms. Because the biological sample is assayed 
for its biomarker pro?le, identi?cation of the particular 
biomarkers is unnecessary. Nevertheless, the present inven 
tion provides methods to identify speci?c biomarkers of the 
pro?les that are characteristic of sepsis or of a particular 
stage in the progression of sepsis. Such biomarkers them 
selves Will be useful tools in predicting or diagnosing sepsis. 

[0012] Accordingly, the present invention provides, inter 
alia, methods of predicting the onset of sepsis in an indi 
vidual. The methods comprise obtaining a biomarker pro?le 
at a single point in time from the individual and comparing 
the individual’s biomarker pro?le to a reference biomarker 
pro?le. Comparison of the biomarker pro?les can predict the 
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onset of sepsis in the individual With an accuracy of at least 
about 60%. This method may be repeated again at any time 
prior to the onset of sepsis. 

[0013] The present invention also provides a method of 
diagnosing sepsis in an individual having or suspected of 
having sepsis comprising obtaining a biomarker pro?le at a 
single point in time from the individual and comparing the 
individual’s biomarker pro?le to a reference biomarker 
pro?le. Comparison of the biomarker pro?les can diagnose 
sepsis in the individual With an accuracy of at least about 
60%. This method may be repeated on the individual at any 
time. 

[0014] The present invention further provides a method of 
determining the progression (i.e., the stage) of sepsis in an 
individual having or suspected of having sepsis. This 
method comprises obtaining a biomarker pro?le at a single 
point in time from the individual and comparing the indi 
vidual’s biomarker pro?le to a reference biomarker pro?le. 
Comparison of the biomarker pro?les can determine the 
progression of sepsis in the individual With an accuracy of 
at least about 60%. This method may also be repeated on the 
individual at any time. 

[0015] Additionally, the present invention provides a 
method of diagnosing SIRS in an individual having or 
suspected of having SIRS. This method comprises obtaining 
a biomarker pro?le at a single point in time from the 
individual and comparing the individual’s biomarker pro?le 
to a reference biomarker pro?le. Comparison of the biom 
arker pro?les can diagnose SIRS in the individual With an 
accuracy of at least about 60%. This method may also be 
repeated on the individual at any time. 

[0016] In another embodiment, the invention provides, 
inter alia, a method of determining the status of sepsis or 
diagnosing SIRS in an individual comprising applying a 
decision rule. The decision rule comprises comparing a 
biomarker pro?le generated from a biological sample taken 
from the individual at a single point in time With (ii) a 
biomarker pro?le generated from a reference population. 
Application of the decision rule determines the status of 
sepsis or diagnoses SIRS in the individual. The method may 
be repeated on the individual at one or more separate, single 
points in time. 

[0017] The present invention further provides, inter alia, a 
method of determining the status of sepsis or diagnosing 
SIRS in an individual comprising obtaining a biomarker 
pro?le from a biological sample taken from the individual 
and comparing the individual’s biomarker pro?le to a ref 
erence biomarker pro?le. A single such comparison is 
capable of classifying the individual as having membership 
in the reference population. Comparison of the biomarker 
pro?le determines the status of sepsis or diagnoses SIRS in 
the individual. 

[0018] The invention further provides, inter alia, a method 
of determining the status of sepsis or diagnosing SIRS in an 
individual comprising obtaining a biomarker pro?le from a 
biological sample taken from the individual and comparing 
the individual’s biomarker pro?le to a reference biomarker 
pro?le obtained from biological samples from a reference 
population. The reference population may be selected from 
the group consisting of a normal reference population, a 
SIRS-positive reference population, an infected/SIRS-nega 



US 2004/0157242 A1 

tive reference population, a sepsis-positive reference popu 
lation, a reference population at a particular stage in the 
progression of sepsis, a SIRS-positive reference population 
that Will be con?rmed as having sepsis by conventional 
techniques after about 0-36 hours, a SIRS-positive reference 
population that Will be con?rmed as having sepsis by 
conventional techniques after about 36-60 hours, and a 
SIRS-positive reference population that Will be con?rmed as 
having sepsis by conventional techniques after about 60-84 
hours. Asingle such comparison is capable of classifying the 
individual as having membership in the reference popula 
tion, and the comparison determines the status of sepsis or 
diagnoses SIRS in the individual. 

[0019] In yet another embodiment, the present invention 
provides, inter alia, a method of determining the status of 
sepsis or diagnosing SIRS in an individual. The method 
comprises comparing a measurable characteristic of at least 
one biomarker betWeen a biomarker pro?le obtained from a 
biological sample from the individual and a biomarker 
pro?le obtained from biological samples from a reference 
population. Based on this comparison, the individual is 
classi?ed as belonging to or not belonging to the reference 
population. The comparison, therefore, determines the status 
of sepsis or diagnoses SIRS in the individual. The biomar 
kers, in one embodiment, are selected from the group of 
biomarkers shoWn in any one of TABLES 2-13. 

[0020] In a further embodiment, the present invention 
provides, inter alia, a method of determining the status of 
sepsis or diagnosing SIRS in an individual comprising 
selecting at least tWo features from a set of biomarkers in a 
pro?le generated from a biological sample of an individual. 
These features are compared to a set of the same biomarkers 
in a pro?le generated from biological samples from a 
reference population. Asingle such comparison is capable of 
classifying the individual as having membership in the 
reference population With an accuracy of at least about 60%, 
and the comparison determines the status of sepsis or 
diagnoses SIRS in the individual. 

[0021] The present invention also provides, inter alia, a 
method of determining the status of sepsis or diagnosing 
SIRS in an individual comprising determining the changes 
in the abundance of at least tWo biomarkers contained in a 
biological sample of an individual and comparing the abun 
dance of these biomarkers in the individual’s sample to the 
abundance of these biomarkers in biological samples from a 
reference population. The comparison is capable of classi 
fying the individual as having membership in the reference 
population, and the comparison determines the status of 
sepsis or diagnoses SIRS in the individual. 

[0022] In another embodiment, the invention provides, 
inter alia, a method of determining the status of sepsis in an 
individual, comprising determining changes in the abun 
dance of at least one, tWo, three, four, ?ve, 10 or 20 
biomarkers as compared to changes in the abundance of the 
at least one, tWo, three, four, ?ve, 10 or 20 biomarkers for 
biological samples from a reference population that con 
tracted sepsis and one that did not. The biomarkers are 
selected from the group consisting of the biomarkers listed 
in any one of TABLES 2-13. Alternatively, the abundance of 
the at least one, tWo, three, four, ?ve, 10 or 20 biomarkers 
may be compared to the abundance of the at least one, tWo, 
three, four, ?ve, 10 or 20 biomarkers. 
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[0023] The present invention further provides, inter alia, a 
method of isolating a biomarker, the presence of Which in a 
biological sample is diagnostic or predictive of sepsis. This 
method comprises obtaining a reference biomarker pro?le 
from a population of individuals and identifying a feature of 
the reference biomarker pro?le that is predictive or diag 
nostic of sepsis or one of the stages in the progression of 
sepsis. This method further comprises identifying a biom 
arker that corresponds With the feature and then isolating the 
biomarker. 

[0024] In another embodiment, the present invention pro 
vides a kit comprising at least one, tWo, three, four, ?ve, 10 
or all of the biomarkers selected from the group consisting 
of the biomarkers listed in any one of TABLES 2-13. 

[0025] In another embodiment, the reference biomarker 
pro?le may comprise a combination of at least tWo features, 
preferably ?ve, 10, or 20 or more, Where the features are 
characteristics of biomarkers in the sample. In this embodi 
ment, the features Will contribute to the prediction of the 
inclusion of an individual in a particular reference popula 
tion. The relative contribution of the features in predicting 
inclusion may be determined by a data analysis algorithm 
that predicts class inclusion With an accuracy of at least 
about 60%, at least about 70%, at least about 80%, at least 
about 90%, about 95%, about 96%, about 97%, about 98%, 
about 99% or about 100%. In one embodiment, the combi 
nation of features alloWs the prediction of the onset of sepsis 
about 24, about 48, or about 72 hours prior to the actual 
onset of sepsis, as determined using conventional tech 
niques. 
[0026] In yet another embodiment, the reference biomar 
ker pro?le may comprise at least tWo features, at least one 
of Which is characteristic of the corresponding biomarker 
and Where the feature Will alloW the prediction of inclusion 
of an individual in a sepsis-positive or SIRS-positive popu 
lation. In this embodiment, the feature is assigned a p-value, 
Which is obtained from a nonparametric test, such as a 
WilcoXon Signed Rank Test, that is directly related to the 
degree of certainty With Which the feature can classify an 
individual as belonging to a sepsis-positive or SIRS-positive 
population. In another embodiment, the feature classi?es an 
individual as belonging to a sepsis-positive or SIRS-positive 
population With an accuracy of at least about 60%, about 
70%, about 80%, or about 90%. In still another embodiment, 
the feature alloWs the prediction of the onset of sepsis about 
24, about 48, or about 72 hours prior to the actual onset of 
sepsis, as determined using conventional techniques. 

[0027] In yet another embodiment, the present invention 
provides an array of particles, With capture molecules 
attached to the surface of the particles that can bind speci? 
cally to at least one, tWo, three, four, ?ve, 10 or all of the 
biomarkers selected from the group consisting of the biom 
arkers listed in any one of TABLES 2-13. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 illustrates the progression of SIRS to sepsis. 
The condition of sepsis consists of at least three stages, With 
a septic patient progressing from severe sepsis to septic 
shock to multiple organ dysfunction. 

[0029] FIG. 2 shoWs the relationship betWeen sepsis and 
SIRS. The various sets shoWn in the Venn diagram corre 
spond to populations of individuals having the indicated 
condition. 
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[0030] FIG. 3 shows the natural log of the ratio in average 
normalized peak intensities for about 400 ions for a sepsis 
positive population versus a SIRS-positive population. 

[0031] FIG. 4 shoWs the intensity of an ion having an m/Z 
of 437.2 Da and a retention time on a C18 reverse phase 
column of 1.42 min in an ESI-mass spectrometer pro?le. 
FIG. 4A shoWs changes in the presence in the ion in various 
populations of individuals Who developed sepsis. Clinical 
suspicion of sepsis in the sepsis group occurred at “time 0,” 
as measured by conventional techniques. “Time—24 hours” 
and “time—48 hours” represent samples taken about 24 
hours and about 48 hours, respectively, preceding the clini 
cal suspicion of the onset of sepsis in the sepsis group. 
Individuals entered the study at “Day 1.”FIG. 4B shoWs the 
presence of the same ion in samples taken from populations 
of individuals Who did not develop sepsis at time 0. 

[0032] FIG. 5 is a classi?cation tree ?tted to data from 
time 0 in 10 sepsis patients and 10 SIRS patients, shoWing 
three biomarkers identi?ed by electrospray mass spectrom 
etry that are involved in distinguishing sepsis from SIRS. 

[0033] FIG. 6 shoWs representative LC/MS and LC/MS/ 
MS spectra obtained on plasma samples, using the con?gu 
ration described in the examples. 

[0034] FIGS. 7A and 7B shoW proteins that are regulated 
at higher levels in plasma up to 48 hours before conversion 
to sepsis. 

[0035] FIGS. 8A and 8B shoW proteins that are regulated 
at loWer levels in plasma up to 48 hours before conversion 
to sepsis. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] The present invention alloWs for the rapid, sensi 
tive, and accurate diagnosis or prediction of sepsis using one 
or more biological samples obtained from an individual at a 
single time point (“snapshot”) or during the course of 
disease progression. Advantageously, sepsis may be diag 
nosed or predicted prior to the onset of clinical symptoms, 
thereby alloWing for more effective therapeutic intervention. 

[0037] “Systemic in?ammatory response syndrome,” or 
“SIRS,” refers to a clinical response to a variety of severe 
clinical insults, as manifested by tWo or more of the fol 
loWing conditions Within a 24-hour period: 

[0038] body temperature greater than 38° C. (100.4° 
or less than 36° C. (968° F); 

[0039] heart rate (HR) greater than 90 beats/minute; 

[0040] respiratory rate (RR) greater than 20 breaths/ 
minute, or PCO2 less than 32 mm Hg, or requiring 
mechanical ventilation; and 

[0041] White blood cell count (WBC) either greater 
than 12.0><109/L or less than 4.0><109/L or having 
greater than 10% immature forms (bands). 

[0042] These symptoms of SIRS represent a consensus 
de?nition of SIRS that may be modi?ed or supplanted by an 
improved de?nition in the future. The present de?nition is 
used to clarify current clinical practice and does not repre 
sent a critical aspect of the invention. 
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[0043] Apatient With SIRS has a clinical presentation that 
is classi?ed as SIRS, as de?ned above, but is not clinically 
deemed to be septic. Individuals Who are at risk of devel 
oping sepsis include patients in an ICU and those Who have 
otherWise suffered from a physiological trauma, such as a 
burn or other insult. “Sepsis” refers to a SIRS-positive 
condition that is associated With a con?rmed infectious 
process. Clinical suspicion of sepsis arises from the suspi 
cion that the SIRS-positive condition of a SIRS patient is a 
result of an infectious process. As used herein, “sepsis” 
includes all stages of sepsis including, but not limited to, the 
onset of sepsis, severe sepsis and MOD associated With the 
end stages of sepsis. 

[0044] The “onset of sepsis” refers to an early stage of 
sepsis, i.e., prior to a stage When the clinical manifestations 
are suf?cient 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 patient’s disease status at 
early sepsis can only be con?rmed retrospectively, When the 
manifestation of sepsis is more clinically obvious. The eXact 
mechanism by Which a patient becomes septic is not a 
critical aspect of the invention. The methods of the present 
invention can detect changes in the biomarker pro?le inde 
pendent of the origin of the infectious process. Regardless of 
hoW sepsis arises, the methods of the present invention alloW 
for determining the status of a patient having, or suspected 
of having, sepsis or SIRS, as classi?ed by previously used 
criteria. 

[0045] “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. “Septic shock” refers to sepsis 
induced hypotension that is not responsive to adequate 
intravenous ?uid challenge and With manifestations of 
peripheral hypoperfusion. A “converter patient” refers to a 
SIRS-positive patient Who progresses to clinical suspicion of 
sepsis during the period the patient is monitored, typically 
during an ICU stay. A “non-converter patient” refers to a 
SIRS-positive patient Who does not progress to clinical 
suspicion of sepsis during the period the patient is moni 
tored, typically during an ICU stay. 

[0046] A “biomarker” is virtually any biological com 
pound, such as a protein and a fragment thereof, a peptide, 
a polypeptide, a proteoglycan, a glycoprotein, a lipoprotein, 
a carbohydrate, a lipid, a nucleic acid, an organic or inor 
ganic chemical, a natural polymer, and a small molecule that 
are present in the biological sample and that may be isolated 
from, or measured in, the biological sample. Furthermore, a 
biomarker can be the entire intact molecule, or it can be a 
portion thereof that may be partially functional or recog 
niZed, for eXample, by an antibody or other speci?c binding 
protein. A biomarker is considered to be informative if a 
measurable aspect of the biomarker is associated With a 
given state of the patient, such as a particular stage of sepsis. 
Such a measurable aspect may include, for example, the 
presence, absence, or concentration of the biomarker in the 
biological sample from the individual and/or its presence as 
part of a pro?le of biomarkers. Such a measurable aspect of 
a biomarker is de?ned herein as a “feature.” A feature may 
also be a ratio of tWo or more measurable aspects of 
biomarkers, Which biomarkers may or may not be of knoWn 
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identity, for example. A “biomarker pro?le” comprises at 
least tWo such features, Where the features can correspond to 
the same or different classes of biomarkers such as, for 
example, a nucleic acid and a carbohydrate. A biomarker 
pro?le may also comprise at least three, four, ?ve, 10, 20, 30 
or more features. In one embodiment, a biomarker pro?le 
comprises hundreds, or even thousands, of features. In 
another embodiment, the biomarker pro?le comprises at 
least one measurable aspect of at least one internal standard. 

[0047] A “phenotypic change” is a detectable change in a 
parameter associated With a given state of the patient. For 
instance, a phenotypic change may include an increase or 
decrease of a biomarker in a bodily ?uid, Where the change 
is associated With sepsis or the onset of sepsis. Aphenotypic 
change may further include a change in a detectable aspect 
of a given state of the patient that is not a change in a 
measurable aspect of a biomarker. For example, a change in 
phenotype may include a detectable change in body tem 
perature, respiration rate, pulse, blood pressure, or other 
physiological parameter. Such changes can be determined 
via clinical observation and measurement using conven 
tional techniques that are Well-knoWn to the skilled artisan. 
As used herein, “conventional techniques” are those tech 
niques that classify an individual based on phenotypic 
changes Without obtaining a biomarker pro?le according to 
the present invention. 

[0048] A “decision rule” is a method used to classify 
patients. This rule can take on one or more forms that are 

knoWn in the art, as exempli?ed in Hastie et al., in “The 
Elements of Statistical Learning,” Springer-Verlag 
(Springer, N.Y.(2001)), herein incorporated by reference in 
its entirety. Analysis of biomarkers in the complex mixture 
of molecules Within the sample generates features in a data 
set. A decision rule may be used to act on a data set of 
features to, inter alia, predict the onset of sepsis, to deter 
mine the progression of sepsis, to diagnose sepsis, or to 
diagnose SIRS. 

[0049] The application of the decision rule does not 
require perfect classi?cation. A classi?cation may be made 
With at least about 90% certainty, or even more, in one 
embodiment. In other embodiments, the certainty is at least 
about 80%, at least about 70%, or at least about 60%. The 
useful degree of certainty may vary, depending on the 
particular method of the present invention. “Certainty” is 
de?ned as the total number of accurately classi?ed individu 
als divided by the total number of individuals subjected to 
classi?cation. As used herein, “certainty” means “accuracy.” 
Classi?cation may also be characteriZed by its “sensitivity.” 
The “sensitivity” of classi?cation relates to the percentage of 
sepsis patients Who Were correctly identi?ed as having 
sepsis. “Sensitivity” is de?ned in the art as the number of 
true positives divided by the sum of true positives and false 
negatives. In contrast, the “speci?city” of the method is 
de?ned as the percentage of patients Who Were correctly 
identi?ed as not having sepsis. That is, “speci?city” relates 
to the number of true negatives divided by the sum of true 
negatives and false positives. In one embodiment, the sen 
sitivity and/or speci?city is at least 90%, at least 80%, at 
least 70% or at least 60%. The number of features that may 
be used to classify an individual With adequate certainty is 
typically about four. Depending on the degree of certainty 
sought, hoWever, the number of features may be more or 
less, but in all cases is at least one. In one embodiment, the 
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number of features that may be used to classify an individual 
is optimiZed to alloW a classi?cation of an individual With 
high certainty. 

[0050] “Determining the status” of sepsis or SIRS in a 
patient encompasses classi?cation of a patient’s biomarker 
pro?le to (1) detect the presence of sepsis or SIRS in the 
patient, (2) predict the onset of sepsis or SIRS in the patient, 
or (3) measure the progression of sepsis in a patient. 
“Diagnosing” sepsis or SIRS means to identify or detect 
sepsis or SIRS in the patient. Because of the greater sensi 
tivity of the present invention to detect sepsis before an 
overtly observable clinical manifestation, the identi?cation 
or detection of sepsis includes the detection of the onset of 
sepsis, as de?ned above. That is, “predicting the onset of 
sepsis” means to classify the patient’s biomarker pro?le as 
corresponding to the pro?le derived from individuals Who 
are progressing from a particular stage of SIRS to sepsis or 
from a state of being infected to sepsis (i.e., from infection 
to infection With concomitant SIRS). “Detecting the pro 
gression” or “determining the progression” of sepsis or SIRS 
means to classify the biomarker pro?le of a patient Who is 
already diagnosed as having sepsis or SIRS. For instance, 
classifying the biomarker pro?le of a patient Who has been 
diagnosed as having sepsis can encompass detecting or 
determining the progression of the patient from sepsis to 
severe sepsis or to sepsis With MOD. 

[0051] According to the present invention, sepsis may be 
diagnosed or predicted by obtaining a pro?le of biomarkers 
from a sample obtained from an individual. As used herein, 
“obtain” means “to come into possession of.” The present 
invention is particularly useful in predicting and diagnosing 
sepsis in an individual Who has an infection, or even sepsis, 
but Who has not yet been diagnosed as having sepsis, Who 
is suspected of having sepsis, or Who is at risk of developing 
sepsis. In the same manner, the present invention may be 
used to detect and diagnose SIRS in an individual. That is, 
the present invention may be used to con?rm a clinical 
suspicion of SIRS. The present invention also may be used 
to detect various stages of the sepsis process such as 
infection, bacteremia, sepsis, severe sepsis, septic shock and 
the like. 

[0052] The pro?le of biomarkers obtained from an indi 
vidual, i.e., the test biomarker pro?le, is compared to a 
reference biomarker pro?le. The reference biomarker pro?le 
can be generated from one individual or a population of tWo 
or more individuals. The population, for example, may 
comprise three, four, ?ve, ten, 15, 20, 30, 40, 50 or more 
individuals. Furthermore, the reference biomarker pro?le 
and the individual’s (test) biomarker pro?le that are com 
pared in the methods of the present invention may be 
generated from the same individual, provided that the test 
and reference pro?les are generated from biological samples 
taken at different time points and compared to one another. 
For example, a sample may be obtained from an individual 
at the start of a study period. A reference biomarker pro?le 
taken from that sample may then be compared to biomarker 
pro?les generated from subsequent samples from the same 
individual. Such a comparison may be used, for example, to 
determine the status of sepsis in the individual by repeated 
classi?cations over time. 

[0053] The reference populations may be chosen from 
individuals Who do not have SIRS (“SIRS-negative”), from 
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individuals Who do not have SIRS but Who are suffering 
from an infectious process, from individuals Who are suf 

fering from SIRS Without the presence of sepsis (“SIRS 
positive”), from individuals Who are suffering from the onset 
of sepsis, from individuals Who are sepsis-positive and 
suffering from one of the stages in the progression of sepsis, 
or from individuals With a physiological trauma that 
increases the risk of developing sepsis. Furthermore, the 
reference populations may be SIRS-positive and are then 
subsequently diagnosed With sepsis using conventional tech 
niques. For example, a population of SIRS-positive patients 
used to generate the reference pro?le may be diagnosed With 
sepsis about 24, 48, 72, 96 or more hours after biological 
samples Were taken from them for the purposes of generat 
ing a reference pro?le. In one embodiment, the population of 
SIRS-positive individuals is diagnosed With sepsis using 
conventional techniques about 0-36 hours, about 36-60 
hours, about 60-84 hours, or about 84-108 hours after the 
biological samples Were taken. If the biomarker pro?le is 
indicative of sepsis or one of its stages of progression, a 
clinician may begin treatment prior to the manifestation of 
clinical symptoms of sepsis. Treatment typically Will 
involve examining the patient to determine the source of the 
infection. Once locating the source, the clinician typically 
Will obtain cultures from the site of the infection, preferably 
before beginning relevant empirical antimicrobial therapy 
and perhaps additional adjunctive therapeutic measures, 
such as draining an abscess or removing an infected catheter. 
Therapies for sepsis are revieWed in Healy, supra. 

[0054] The methods of the present invention comprise 
comparing an individual’s biomarker pro?le With a refer 
ence biomarker pro?le. As used herein, “comparison” 
includes any means to discern at least one difference in the 
individual’s and the reference biomarker pro?les. Thus, a 
comparison may include a visual inspection of chromato 
graphic spectra, and a comparison may include arithmetical 
or statistical comparisons of values assigned to the features 
of the pro?les. Such statistical comparisons include, but are 
not limited to, applying a decision rule. If the biomarker 
pro?les comprise at least one internal standard, the com 
parison to discern a difference in the biomarker pro?les may 
also include features of these internal standards, such that 
features of the biomarker are correlated to features of the 
internal standards. The comparison can predict, inter alia, 
the chances of acquiring sepsis or SIRS; or the comparison 
can con?rm the presence or absence of sepsis or SIRS; or the 
comparison can indicate the stage of sepsis at Which an 
individual may be. 

[0055] The present invention, therefore, obviates the need 
to conduct time-intensive assays over a monitoring period, 
as Well as the need to identify each biomarker. Although the 
invention does not require a monitoring period to classify an 
individual, it Will be understood that repeated classi?cations 
of the individual, i.e., repeated snapshots, may be taken over 
time until the individual is no longer at risk. Alternatively, a 
pro?le of biomarkers obtained from the individual may be 
compared to one or more pro?les of biomarkers obtained 
from the same individual at different points in time. The 
artisan Will appreciate that each comparison made in the 
process of repeated classi?cations is capable of classifying 
the individual as having membership in the reference popu 
lation. 
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[0056] Individuals having a variety of physiological con 
ditions corresponding to the various stages in the progres 
sion of sepsis, from the absence of sepsis to MOD, may be 
distinguished by a characteristic biomarker pro?le. As used 
herein, an “individual” is an animal, preferably a mammal, 
more preferably a human or non-human primate. The terms 
“individual,”“subject” and “patient” are used interchange 
ably herein. The individual can be normal, suspected of 
having SIRS or sepsis, at risk of developing SIRS or sepsis, 
or con?rmed as having SIRS or sepsis. While there are many 
knoWn biomarkers that have been implicated in the progres 
sion of sepsis, not all of these markers appear in the initial, 
pre-clinical stages. The subset of biomarkers characteristic 
of early-stage sepsis may, in fact, be determined only by a 
retrospective analysis of samples obtained from individuals 
Who ultimately manifest clinical symptoms of sepsis. With 
out being bound by theory, even an initial pathologic infec 
tion that results in sepsis may provoke physiological 
changes that are re?ected in particular changes in biomarker 
expression. Once the characteristic biomarker pro?le of a 
stage of sepsis, for example, is determined, the pro?le of 
biomarkers from a biological sample obtained from an 
individual may be compared to this reference pro?le to 
determine Whether the test subject is also at that particular 
stage of sepsis. 
[0057] The progression of a population from one stage of 
sepsis to another, or from normalcy (i.e., a condition char 
acteriZed by not having sepsis or SIRS) to sepsis or SIRS 
and vice versa, Will be characterized by changes in biom 
arker pro?les, as certain biomarkers are expressed at increas 
ingly higher levels and the expression of other biomarkers 
becomes doWn-regulated. These changes in biomarker pro 
?les may re?ect the progressive establishment of a physi 
ological response in the reference population to infection 
and/or in?ammation, for example. The skilled artisan Will 
appreciate that the biomarker pro?le of the reference popu 
lation also Will change as a physiological response subsides. 
As stated above, one of the advantages of the present 
invention is the capability of classifying an individual With 
a biomarker pro?le from a single biological sample as 
having membership in a particular population. The artisan 
Will appreciate, hoWever, that the determination of Whether 
a particular physiological response is becoming established 
or is subsiding may be facilitated by a subsequent classi? 
cation of the individual. To this end, the present invention 
provides numerous biomarkers that both increase and 
decrease in level of expression as a physiological response 
to sepsis or SIRS is established or subsides. For example, an 
investigator can select a feature of an individual’s biomarker 
pro?le that is knoWn to change in intensity as a physiological 
response to sepsis becomes established. A comparison of the 
same feature in a pro?le from a subsequent biological 
sample from the individual can establish Whether the indi 
vidual is progressing toWard more severe sepsis or is pro 
gressing toWard normalcy. 
[0058] The molecular identity of biomarkers is not essen 
tial to the invention. Indeed, the present invention should not 
be limited to biomarkers that have previously been identi 
?ed. (See, e.g., US. patent application Ser. No. 10/400,275, 
?led Mar. 26, 2003.) It is, therefore, expected that novel 
biomarkers Will be identi?ed that are characteristic of a 
given population of individuals, especially a population in 
one of the early stages of sepsis. In one embodiment of the 
present invention, a biomarker is identi?ed and isolated. It 
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then may be used to raise a speci?cally-binding antibody, 
Which can facilitate biomarker detection in a variety of 
diagnostic assays. For this purpose, any immunoassay may 
use any antibodies, antibody fragment or derivative capable 
of binding the biomarker molecules (e.g., Fab, Fv, or scFv 
fragments). Such immunoassays are Well-knoWn in the art. 
If the biomarker is a protein, it may be sequenced and its 
encoding gene may be cloned using Well-established tech 
niques. 

[0059] The methods of the present invention may be 
employed to screen, for example, patients admitted to an 
ICU. A biological sample such as, for example, blood, is 
taken immediately upon admission. The complex mixture of 
proteins and other molecules Within the blood is resolved as 
a pro?le of biomarkers. This may be accomplished through 
the use of any technique or combination of techniques that 
reproducibly distinguishes these molecules on the basis of 
some physical or chemical property. In one embodiment, the 
molecules are immobiliZed on a matrix and then are sepa 

rated and distinguished by laser desorption/ionization time 
of-?ight mass spectrometry. A spectrum is created by the 
characteristic desorption pattern that re?ects the mass/ 
charge ratio of each molecule or its fragments. In another 
embodiment, biomarkers are selected from the various 
mRNA species obtained from a cellular extract, and a pro?le 
is obtained by hybridiZing the individual’s mRNA species to 
an array of cDNAs. The diagnostic use of cDNA arrays is 
Well knoWn in the art. (See, e.g., Zou, et. al., Oncogene 21: 
4855-4862 (2002).) In yet another embodiment, a pro?le 
may be obtained using a combination of protein and nucleic 
acid separation methods. 

[0060] The invention also provides kits that are useful in 
determining the status of sepsis or diagnosing SIRS in an 
individual. The kits of the present invention comprise at 
least one biomarker. Speci?c biomarkers that are useful in 
the present invention are set forth herein. The biomarkers of 
the kit can be used to generate biomarker pro?les according 
to the present invention. Examples of classes of compounds 
of the kit include, but are not limited to, proteins, and 
fragments thereof, peptides, polypeptides, proteoglycans, 
glycoproteins, lipoproteins, carbohydrates, lipids, nucleic 
acids, organic and inorganic chemicals, and natural and 
synthetic polymers. The biomarker(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 generating the biomarker 
pro?les of the present invention. LikeWise, the internal 
standards can be any of the classes of compounds described 
above. The kits of the present invention also may contain 
reagents that can be used to detectably label biomarkers 
contained in the biological samples from Which the biom 
arker pro?les are generated. For this purpose, the kit may 
comprise a set of antibodies or functional fragments thereof 
that speci?cally bind at least tWo, three, four, ?ve, 10, 20 or 
more of the biomarkers set forth in any one of the folloWing 
TABLES that list biomarkers. The antibodies themselves 
may be detectably labeled. The kit also may comprise a 
speci?c 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 forming 
a duplex With the biomarker or With a complementary strand 
of a biomarker. The oligonucleotide probe may be detectably 
labeled. 
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[0061] The kits of the present invention may also include 
pharmaceutical excipients, diluents and/or adjuvants When 
the biomarker is to be used to raise an antibody. Examples 
of pharmaceutical adjuvants include, but are not limited to, 
preservatives, Wetting agents, emulsifying agents, and dis 
persing agents. Prevention of the action of microorganisms 
can be ensured by the inclusion of various antibacterial and 
antifungal agents, for example, paraben, chlorobutanol, phe 
nol sorbic acid, and the like. It may also be desirable to 
include isotonic agents such as sugars, sodium chloride, and 
the like. Prolonged absorption of an injectable pharmaceu 
tical form can be brought about by the inclusion of agents 
Which delay absorption such as aluminum monostearate and 
gelatin. 

[0062] Generation of Biomarker Pro?les 

[0063] According to one embodiment, the methods of the 
present invention comprise obtaining a pro?le of biomarkers 
from a biological sample taken from an individual. The 
biological sample may be blood, plasma, serum, saliva, 
sputum, urine, cerebral spinal ?uid, cells, a cellular extract, 
a tissue sample, a tissue biopsy, a stool sample and the like. 
The reference biomarker pro?le may be obtained, for 
example, from a population of individuals selected from the 
group consisting of SIRS-negative individuals, SIRS-posi 
tive individuals, individuals Who are suffering from the onset 
of sepsis and individuals Who already have sepsis. The 
reference biomarker pro?le from individuals Who already 
have sepsis may be obtained at any stage in the progression 
of sepsis, such as infection, bacteremia, severe sepsis, septic 
shock or MOD. 

[0064] In one embodiment, a separation method may be 
used to create a pro?le of biomarkers, such that only a subset 
of biomarkers Within the sample is analyZed. For example, 
the biomarkers that are analyZed in a sample may consist of 
mRNA species from a cellular extract, Which has been 
fractionated to obtain only the nucleic acid biomarkers 
Within the sample, or the biomarkers may consist of a 
fraction of the total complement of proteins Within the 
sample, Which have been fractionated by chromatographic 
techniques. Alternatively, a pro?le of biomarkers may be 
created Without employing a separation method. For 
example, a biological sample may be interrogated With a 
labeled compound that forms a speci?c complex With a 
biomarker in the sample, Where the intensity of the label in 
the speci?c complex is a measurable characteristic of the 
biomarker. A suitable compound for forming such a speci?c 
complex is a labeled antibody. In one embodiment, a biom 
arker is measured using an antibody With an ampli?able 
nucleic acid as a label. In yet another embodiment, the 
nucleic acid label becomes ampli?able When tWo antibodies, 
each conjugated to one strand of a nucleic acid label, interact 
With the biomarker, such that the tWo nucleic acid strands 
form an ampli?able nucleic acid. 

[0065] In another embodiment, the biomarker pro?le may 
be derived from an assay, such as an array, of nucleic acids, 
Where the biomarkers are the nucleic acids or complements 
thereof. For example, the biomarkers may be ribonucleic 
acids. The biomarker pro?le also may be obtained using a 
method selected from the group consisting of nuclear mag 
netic resonance, nucleic acid arrays, dot blotting, slot blot 
ting, reverse transcription ampli?cation and Northern analy 
sis. In another embodiment, the biomarker pro?le is detected 
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immunologically by reacting antibodies, or functional frag 
ments thereof, speci?c to the biomarkers. A functional 
fragment of an antibody is a portion of an antibody that 
retains at least some ability to bind to the antigen to Which 
the complete antibody binds. The fragments, Which include, 
but are not limited to, scFv fragments, Fab fragments and 
F(ab)2 fragments, can be recombinantly produced or enZy 
matically produced. In another embodiment, speci?c bind 
ing molecules other than antibodies, such as aptamers, may 
be used to bind the biomarkers. In yet another embodiment, 
the biomarker pro?le may comprise a measurable aspect of 
an infectious agent or a component thereof. In yet another 
embodiment, the biomarker pro?le may comprise measur 
able aspects of small molecules, Which may include frag 
ments of proteins or nucleic acids, or Which may include 
metabolites. 

[0066] Biomarker pro?les may be generated by the use of 
one or more separation methods. For example, suitable 
separation methods may include a mass spectrometry 
method, such as electrospray ioniZation mass spectrometry 
(ESI-MS), ESI-MS/MS, ESI-MS/(MS)n(n is an integer 
greater than Zero), matrix-assisted laser desorption ioniZa 
tion time-of-?ight mass spectrometry (MALDI-TOF-MS), 
surface-enhanced laser desorption/ionization time-of-?ight 
mass spectrometry (SELDI-TOF-MS), desorption/ioniza 
tion on silicon (DIOS), secondary ion mass spectrometry 
(SIMS), quadrupole time-of-?ight (Q-TOF), atmospheric 
pressure chemical ioniZation mass spectrometry (APCI 
MS),APCI-MS/MS; APCI-(MS), atmospheric pressure pho 
toioniZation mass spectrometry (APPI-MS), APPI-MS/MS, 
and APPI-(MS)n. Other mass spectrometry methods may 
include, inter alia, quadrupole, fourier transform mass spec 
trometry (FTMS) and ion trap. Other suitable separation 
methods may include chemical extraction partitioning, col 
umn chromatography, ion exchange chromatography, hydro 
phobic (reverse phase) liquid chromatography, isoelectric 
focusing, one-dimensional polyacrylamide gel electrophore 
sis (PAGE), tWo-dimensional polyacrylamide gel electro 
phoresis (2D-PAGE) or other chromatography, such as thin 
layer, gas or liquid chromatography, or any combination 
thereof. In one embodiment, the biological sample may be 
fractionated prior to application of the separation method. 

[0067] Biomarker pro?les also may be generated by meth 
ods that do not require physical separation of the biomarkers 
themselves. For example, nuclear magnetic resonance 
(NMR) spectroscopy may be used to resolve a pro?le of 
biomarkers from a complex mixture of molecules. An analo 
gous use of NMR to classify tumors is disclosed in Hagberg, 
NMR Biomea'. 11: 148-56 (1998), for example. Additional 
procedures include nucleic acid ampli?cation technologies, 
Which may be used to generate a pro?le of biomarkers 
Without physical separation of individual biomarkers. (See 
Stordeur et al., J. Immunol. Methods 259: 55-64 (2002) and 
Tan et al., Proc. Nat’l Acad. Sci. USA 99: 11387-11392 
(2002), for example.) 

[0068] In one embodiment, laser desorption/ionization 
time-of-?ight mass spectrometry is used to create a pro?le of 
biomarkers Where the biomarkers are proteins or protein 
fragments that have been ioniZed and vaporiZed off an 
immobiliZing support by incident laser radiation. Apro?le is 
then created by the characteristic time-of-?ight for each 
protein, Which depends on its mass-to-charge (“m/Z”) ratio. 
A variety of laser desorption/ioniZation techniques are 
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knoWn in the art. (See, e.g., Guttman et al.,Anal. Chem. 73: 
1252-62 (2001) and Wei et al., Nature 399: 243-46 (1999).) 

[0069] Laser desorption/ionization time-of-?ight mass 
spectrometry alloWs the generation of large amounts of 
information in a relatively short period of time. Abiological 
sample is applied to one of several varieties of a support that 
binds all of the biomarkers, or a subset thereof, in the 
sample. Cell lysates or samples are directly applied to these 
surfaces in volumes as small as 0.5 pL, With or Without prior 
puri?cation or fractionation. The lysates or sample can be 
concentrated or diluted prior to application onto the support 
surface. Laser desorption/ionization is then used to generate 
mass spectra of the sample, or samples, in as little as three 
hours. 

[0070] In another embodiment, the total mRNA from a 
cellular extract of the individual is assayed, and the various 
mRNA species that are obtained from the biological sample 
are used as biomarkers. Pro?les may be obtained, for 
example, by hybridiZing these mRNAs to an array of probes, 
Which may comprise oligonucleotides or cDNAs, using 
standard methods knoWn in the art. Alternatively, the 
mRNAs may be subjected to gel electrophoresis or blotting 
methods such as dot blots, slot blots or Northern analysis, all 
of Which are knoWn in the art. (See, e.g., Sambrook et al. in 
“Molecular Cloning, 3rd ed.,” Cold Spring Harbor Labora 
tory Press, Cold Spring Harbor, NY. (2001).) mRNA pro 
?les also may be obtained by reverse transcription folloWed 
by ampli?cation and detection of the resulting cDNAs, as 
disclosed by Stordeur et al., supra, for example. In another 
embodiment, the pro?le may be obtained by using a com 
bination of methods, such as a nucleic acid array combined 
With mass spectroscopy. 

[0071] Use of a Data Analysis Algorithm 

[0072] In one embodiment, comparison of the individual’s 
biomarker pro?le to a reference biomarker pro?le comprises 
applying a decision rule. The decision rule can comprise a 
data analysis algorithm, such as a computer pattern recog 
nition algorithm. Other suitable algorithms include, but are 
not limited to, logistic regression or a nonparametric algo 
rithm that detects differences in the distribution of feature 
values (e.g., a Wilcoxon Signed Rank Test). The decision 
rule may be based upon one, tWo, three, four, ?ve, 10, 20 or 
more features. In one embodiment, the decision rule is based 
on hundreds or more of features. Applying the decision rule 
may also comprise using a classi?cation tree algorithm. For 
example, the reference biomarker pro?le may comprise at 
least three features, Where the features are predictors in a 
classi?cation tree algorithm. The data analysis algorithm 
predicts membership Within a population (or class) With an 
accuracy of at least about 60%, at least about 70%, at least 
about 80% and at least about 90%. 

[0073] Suitable algorithms are knoWn in the art, some of 
Which are revieWed in Hastie et al., supra. Such algorithms 
classify complex spectra from biological materials, such as 
a blood sample, to distinguish individuals as normal or as 
possessing biomarker expression levels characteristic of a 
particular disease state. While such algorithms may be used 
to increase the speed and ef?ciency of the application of the 
decision rule and to avoid investigator bias, one of ordinary 
skill in the art Will realiZe that computer-based algorithms 
are not required to carry out the methods of the present 
invention. 






































