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In order to maximize the benefit of prompt antimicrobial therapy and avoid the risk associated with inappropriate use of antimi-
crobial agents, patients with suspected sepsis must be rapidly differentiated from patients with systemic inflammatory response
syndrome (SIRS). In combination with standard microbiological testing, a number of biomarkers have been recently evaluated
for this purpose, and the performance characteristics of the most promising of these are reviewed.

The title of this minireview is somewhat misleading, because
sepsis is not a laboratory diagnosis and cannot be defined (at

least not yet) using any number of discrete diagnostic assays in the
absence of clinical criteria. A positive blood culture, for example,
regardless of the organism’s identity, is useful supplemental infor-
mation but does not by itself indicate a septic state. In fact, the
recovery of a potential pathogen from any site (1), including blood
(2), occurs in less than 50% of all cases of sepsis, and contamina-
tion of blood cultures can cloud the interpretation. From the op-
posite direction, it is difficult to distinguish sepsis from systemic
inflammatory response syndrome (SIRS) using clinical criteria
alone (3).

A few definitions might help clarify the ambiguity here (4, 5).
Some of these definitions have been refined over the years, but the
general gist remains the same. “SIRS” was first defined in 1991 (4)
and refers to “the systemic inflammatory response to a variety of
severe clinical insults” (infectious or otherwise). It usually consti-
tutes two or more of the following criteria: (i) temperature of
�38°C or �36°C; (ii) heart rate of �90 beats/min; (iii) respiratory
rate of �20 breaths/min or partial CO2 pressure (pCO2) of �32
mm Hg; (iv) white blood cell (WBC) count of �12,000 (12K)/�l
or �4K/�l; or (v) �10% immature forms (i.e., bands). “Sepsis”
has been defined as “the presence (probable or documented) of
infection together with systemic manifestations of infection” (5).
Having positive cultures supporting an infectious process adds
credibility to the diagnosis but is not mandatory. Therefore, a
patient can be classified as septic with �2 SIRS criteria and a
clinical suspicion of infection without microbiological documen-
tation. Bear this in mind when reading the remainder of this mini-
review. Most septic patients have SIRS, but not all SIRS patients
are septic (Fig. 1). Severe sepsis adds an element of organ dysfunc-
tion or tissue hypoperfusion that is new and not explained by
other causes of organ dysfunction (4). Finally, “septic shock” is
“sepsis-induced hypotension persisting despite adequate fluid re-
suscitation” (4). Definitions specific for adult and pediatric pop-
ulations are available (4–6).

Sepsis is a major cause of morbidity and mortality among crit-
ically ill patients, and the management of septic shock profits from
administration of early and appropriate antimicrobial therapy (7).
Given that sepsis is only a subset of SIRS and that administration
of antimicrobial therapy is not beneficial and indeed could gener-
ate risks in the absence of sepsis (3), the ultimate goal of biomark-
ers in this setting is to distinguish sepsis from SIRS. Is this possible
with current or future laboratory assays excluding blood culture?
The balance of this minireview will be devoted to biomarkers that
have been or will be evaluated for this task. A word of caution: as

one begins to review the current literature regarding the use of
biomarkers to distinguish sepsis from SIRS, it is easy to be over-
come by the dizzying collection of studies, variability in study
design, numbers, and combinations of individual biomarkers
evaluated, and the cutoff values applied toward individual evalu-
ations. With that in mind, I will address the most prominent bio-
markers of sepsis. You will notice that C-reactive protein (CRP) is
not specifically addressed in this minireview but has been included
where comparisons to other more contemporary biomarkers have
been made.

PCT

Procalcitonin (PCT) is the glycoprotein precursor of calcitonin
and has no apparent physiologic activity (8). It is produced by C
cells in the thymus but can be synthesized by leukocytes, liver,
kidney, adipocytes, and muscle during periods of elevated inflam-
mation (8–11). It has a serum half-life of 25 to 30 h, and in healthy
individuals, serum levels remain �0.1 ng/ml. During periods of
severe bacterial, fungal, or parasitic infection, serum levels can
reach 100 ng/ml, but only modest increases are seen with viral
infection or inflammation of a noninfectious nature. Increased
serum PCT levels are also seen in cases of trauma and following
major surgery (8, 9,) which decreases the specificity of this marker
for the prediction of systemic infection.

The suggestion that PCT might be a useful biomarker of in-
flammation caused by a systemic infectious process or sepsis was
first proposed in the early 1990s (8, 12). The kinetics of the PCT
response are ideal for this purpose in that elevated serum concen-
trations occur within 2 to 4 h of the inflammatory insult, reach
peak concentrations within 24 to 48 h, and fall rapidly when the
disease process resolves (9, 10, 11). The magnitude and duration
of elevated serum PCT levels seem to parallel disease severity and
outcome (8, 10, 13). In practice, however, it appears that using
PCT to distinguish sepsis from noninfectious SIRS is only mod-
estly better than CRP, CRP plus WBC count, or the infection
probability score (IPS), which considers CRP, WBCs, and four
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other parameters (3, 10, 14). However, the ability to discriminate
sepsis from noninfectious SIRS using PCT seems possible for cer-
tain patient cohorts, e.g., neurological intensive care unit (ICU)
patients (14). Further, PCT was also found to be significantly ele-
vated in SIRS patients from standard medical wards with docu-
mented bacteremia versus SIRS patients without documented
bacteremia and carried an impressive 92.9% negative predictive
value (3). In a comprehensive review, Kibe et al. (10) concluded
that PCT was better than CRP in the diagnosis or prognosis of
sepsis but lacked the necessary accuracy to be used in the absence
of clinical judgment. Moreover, PCT is considered more useful for
ruling out than for confirming systemic bacterial infection, and
serial low PCT values in the absence of positive cultures was suf-
ficient reason to discontinue antimicrobial therapy (3, 10, 11, 13).
Karzai et al. (8) noted that the sensitivity and specificity of PCT to
predict a systemic infectious process depended on the cutoff val-
ues selected and the disease process considered (e.g., pancreatitis
with or without infection, viral versus bacterial meningitis, etc.). If
this were so, a single, uniform critical value for PCT might be
impossible to establish (11). In an extensive meta-analysis of 13
case-control studies and 17 cohort studies, Ciriello et al. (15)
could only show support for using PCT to predict the develop-
ment of sepsis earlier among trauma patients from a wide ensem-
ble of biomarkers (interleukin 1 [IL-1], IL-8, IL-10, neopterin,
tumor necrosis factor alpha [TNF-�], selectins, intracellular ad-
hesion molecule 1 [ICAM-1], and Toll-like receptor 9 [TLR-9],
among others). They found no value for CRP in this setting. Per-
sistently high PCT levels or secondary increases in PCT levels were
found to be adequate predictors of sepsis and multiple organ fail-
ure and correlated well with increased mortality and severity
scores, e.g., acute physiology and chronic health evaluation II
(APACHE II) score, sequential organ failure assessment (SOFA)
score, and simplified acute physiology score (SAPS) (9). In an-
other meta-analysis of six randomized controlled trials, Agarwal
and Schwartz (13) concluded that serial PCT measurements in the
ICU significantly decreased the duration of, but not the initiation
of, antimicrobial therapy. The length of stay in the ICU was re-
duced in two of six studies but showed no difference in the other
four studies. There were no differences in mortality rate, relapse of
infection, or mechanical ventilation between the PCT-guided or
control patient groups, but as a biomarker of infection, PCT was
more sensitive and specific than CRP was. They concluded that

serial PCT measurements could substantially reduce antimicro-
bial use in the ICU without increased morbidity or mortality (9).

de Azevedo et al. (16) took a novel approach and measured the
clearance of PCT (PCT-c) during the initial 24 and 48 h of treat-
ment for severe sepsis and septic shock in the ICU. The area under
the receiver-operator curve (AUROC) for 24- and 48-h PCT-c was
0.76 for both, and PCT-c was significantly higher in survivors (i.e.,
greater PCT clearance). Jekarl et al. (17) found that there were
significant differences in PCT values between SIRS and sepsis
groups, between the sepsis and severe sepsis/septic shock groups,
and between patients with SIRS and those with severe sepsis/septic
shock. In other words, PCT could not only differentiate sepsis
from SIRS, but it could also classify sepsis severity. Of the various
biomarkers this group evaluated, PCT showed the highest sensi-
tivity, while IL-6 had the highest specificity for the prediction of
sepsis and severe sepsis/septic shock. In this study, either PCT,
IL-6, or CRP could differentiate SIRS group from sepsis group and
severe sepsis/septic shock groups, which is not surprising, since
CRP is upregulated by IL-6 (9).

MARKERS OF ENDOTHELIAL ACTIVATION/DYSFUNCTION

Evidence of endothelial activation or dysfunction generally pre-
cedes clinical signs of sepsis (18). Angiopoietins 1 and 2 (Ang-1
and Ang-2) are yin and yang ligands of the Tie-2 receptor ex-
pressed by endothelial cells (18). Tie-2 is thought to play a role in
vascular integrity and angiogenesis. In a state of good health,
Ang-1 levels are greater than Ang-2 levels, so the Ang-1–Tie-2
complex predominates. During inflammation, however, Ang-2 is
released from endothelial cells, which shifts the equilibrium to
Ang-2–Tie-2. The latter is prothrombotic and causes leaks in the
microvasculature (18). Because of this interplay, Ang-2 levels and
the Ang-1/Ang-2 ratio have been proposed as possible biomarkers
of sepsis. The circulating levels of Ang-2 appear to correlate with
severity scoring systems like APACHE and SOFA and with 28-day
mortality (19). However, many issues remain before these mark-
ers are brought into mainstream diagnostics, including standard-
ization of the analytical methods, cutoff values, and timing relative
to sample collection during the disease process (19). Additional
markers of endothelial damage or activation include soluble ver-
sions of P-selectin, E-selectin, vascular endothelial cadherin (VE-
cadherin), ICAM-1, vascular endothelial growth factor (VEGF),
and von Willebrand factor (vWF).

In a case-control study of patients admitted to the ICU over a
24-month period, Vassiliou et al. (18) found that within 2 h of
admission, soluble E-selectin (sE-selectin) and soluble P-selectin
(sP-selectin), PCT, and SOFA scores were significantly different
between the septic and nonseptic groups. Multiple logistic and
Cox regression analyses identified increased sE- and sP-selectins
and SOFA scores with increased risk for sepsis and sepsis develop-
ment. Only the soluble selectins (s-selectins) remained signifi-
cantly associated using multiple Cox regression analysis. The cal-
culated AUROCs were 0.789, 0.761, 0.659, and 0.539 for sP- and
sE-selectin, PCT, and CRP, respectively (18). When trauma pa-
tients were considered separately, the s-selectins, PCT, CRP, and
APACHE II score were significantly associated with the develop-
ment of sepsis, but only the s-selectins remained after multiple
regression analysis, while Cox regression and multiple Cox regres-
sion retained sE-selectin and CRP or sE-selectin alone as signifi-
cant markers, respectively. No association was identified between
sE- and sP-selectin and the Gram reaction of the pathogen in-
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FIG 1 Venn diagram illustrating that sepsis lies at the intersection of infection
and the systemic infection response syndrome (SIRS). Culture-proven infec-
tion is not a requirement, but a high clinical suspicion of infection suffices to
define sepsis. The source of infection need not be blood/bacteremia but could
be respiratory or abdominal or involve other sites. Many other noninfectious
clinical conditions can lead to a clinical picture of SIRS, including major
trauma or surgery, extensive burns, and pancreatitis, to name a few.
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volved (18). This study also found no association among the re-
maining endothelial function factors, including Ang-1 and -2,
VEGF, vWF, and soluble ICAM-1 (sICAM-1).

In a similar study of ICU patients, de Pablo et al. (20) collected
blood samples upon admission and at days 2, 7, 14, and 28 and
looked for differences in sE-selectin, soluble vascular cell adhesion
molecule 1 (sVCAM-1), sICAM-1, and sICAM-2. Ninety-two pa-
tients (52 with sepsis and 40 with noninfectious SIRS) were in-
cluded. Compared to healthy controls, patients with sepsis had
significantly increased levels of sVCAM-1, sICAM-1, and -2 which
continued throughout the period monitored. sE-selectin was in-
creased at admission and after 48 h in the ICU but decreased to
normal levels thereafter. In the noninfectious SIRS group,
sICAM-2 was increased upon admission but returned to normal,
whereas sE-selectin was increased compared to healthy controls
and remained elevated at 48 h. sVCAM-1 and sICAM-1 levels
remained comparable to those of healthy controls. They con-
cluded that sICAM-1 was better than sVCAM-1 and sE-selectin at
discriminating between infectious and noninfectious SIRS using a
cutoff of 904 ng/ml (sensitivity of 74.3% and specificity of 94.1%),
that sE-selectin showed prognostic strength to define SIRS upon
admission to the ICU, and that sE-selectin remained significantly
higher among the nonsurvivor group. There was no difference
between the SIRS survivor and nonsurvivor groups for sVCAM-1,
sICAM-1, and sICAM-2 at admission or over the duration of the
study period.

sTREM-1

Triggering receptor expression on myeloid cells 1 (TREM-1) is a
part of the immunoglobulin superfamily and is expressed on the
surfaces of phagocytic cells, with enhanced expression occurring
after exposure of cells to fungi and bacteria (9, 21). TREM-1 am-
plifies the inflammatory response initiated by Toll-like receptors
(TLRs) and is upregulated in the presence of bacterial antigens but
not in the presence of noninfectious mediators of inflammation. A
soluble form of TREM-1 (sTREM-1) can be detected in plasma
with enzyme-linked immunoassays. Based on these properties,
soluble and surface-associated TREM-1 have been evaluated as a
potential means of separating noninfectious SIRS from sepsis.

Oku et al. (21) noted that among patients admitted to the ICU,
septic patients had significantly decreased expression of TREM-1
on phagocytic cell surfaces by flow cytometry (neutrophils more
pronounced than monocytes), while noninfectious SIRS patients
had enhanced cellular expression compared to healthy controls.
The decreased expression of TREM-1 on the surfaces of neutro-
phils from septic patients was inversely correlated with IL-6 and
CRP levels. Conversely, sTREM-1 plasma levels were significantly
higher in septic patients compared to noninfectious SIRS patients
and in survivors versus nonsurvivors from both groups. sTREM-1
levels also correlated positively with SOFA scores. A second study
involving ICU patients (22) found that septic patients had signif-
icantly elevated levels of sTREM-1 (and PCT and CRP) compared
to SIRS patients, but there were no differences in sTREM-1 and
PCT for blood culture-positive or -negative septic patients. When
a cutoff value of 108.9 pg/ml was applied, the sensitivity and spec-
ificity for differentiating sepsis from SIRS were 83% and 81%,
respectively, with an AUROC of 0.868 (95% confidence interval
[95% CI], 0.798 to 0.938). A meta-analysis of 11 studies provided
a combined sensitivity and specificity of 79% and 80%, respec-

tively, and an AUROC of 0.87 (95% CI, 0.84 to 0.89) for sTREM-1
to identify patients with sepsis (9).

DcR3

Decoy receptor 3 (DcR3) belongs to the tumor necrosis factor
(TNF) receptor family along with DcR1 and -2 and osteoprote-
gerin (23, 24). It binds three TNF family cytokines (FasL, LIGHT
[homologous to lymphotoxin, exhibits inducible expression and
competes with herpes simplex virus glycoprotein D for binding to
herpesvirus entry mediator, a receptor expressed on T lympho-
cytes], and TL1A [TNF-like cytokine 1A]) and can protect cancer
cells in vitro from Fas/FasL-mediated apoptosis. In healthy indi-
viduals, DcR3 serum levels are extremely low, but expression is
elevated in a variety of chronic inflammatory diseases and in pa-
tients with bacterial infection. Expression is also upregulated in
response to lipopolysaccharide (LPS) exposure.

Two studies examined the use of serum DcR3 to distinguish
between sepsis and SIRS (23, 24). The first study included 118
healthy, age-matched controls, 24 patients with a diagnosis of sep-
sis (variable infectious sources), and 43 patients classified as hav-
ing SIRS (negative for any pathogen on culture). Serum was col-
lected within 24 h of ICU admission, and APACHE II scores were
determined for each individual. Mean serum DcR3 concentra-
tions were calculated for each group with the following results:
0.91 � 0.56 ng/ml for the healthy control group, 2.62 � 1.46
ng/ml for the SIRS group, and 6.11 � 2.58 ng/ml for the septic
group. These values were statistically significantly different be-
tween groups, and there was good correlation between DcR3 lev-
els and APACHE II scores. The AUROC for the healthy control
group versus SIRS group was 0.910 (95% CI, 0.870 to 0.950), the
AUROC for the healthy control group versus the sepsis group was
0.992 (95% CI, 0.984 to 1.000), and the AUROC for the septic
group versus the SIRS group was 0.896 (95% CI, 0.820 to 0.973).
To distinguish the septic and noninfected SIRS groups, the nom-
inal cutoff value of DcR3 was 2.85 ng/ml, which provided a sensi-
tivity and specificity of 95.8% and 67.4%, respectively.

The second study consisted of 25 cases of sepsis and 23 patients
with noninfectious SIRS. A collection of 46 healthy blood donors
comprised the control group. In this study, there was a statistically
significant difference in age between the septic group (older) and
the SIRS group, and there was also a significant correlation be-
tween DcR3 serum concentrations and age. However, similar to
the previous report, significant differences were seen between the
DcR3 concentrations of all three groups. To distinguish sepsis
from SIRS, the AUROC was 0.958 (95% CI, 0.857 to 0.995) using
a cutoff value of 3.24 ng/ml, with an associated sensitivity and
specificity of 96% and 82.6%, respectively.

suPAR

The soluble urokinase-type plasminogen activator receptor
(suPAR) is a component of the urokinase-type plasminogen acti-
vator system whose main function includes cell migration and
adhesion, tissue remodeling, and pericellular proteolytic pro-
cesses (9, 23). Under conditions of inflammation and infection,
including bacteremia, malaria, and certain viral infections, in-
cluding HIV, suPAR serum levels (predominantly expressed by
WBCs) are elevated.

Hoenigl et al. (25) compared the early diagnostic accuracies of
suPAR, PCT, IL-6, CRP, and WBC count to differentiate SIRS
patients with and without positive blood cultures in a prospective
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fashion. The study included 132 adult patients with SIRS, of
whom 55 had positive blood cultures (15 with Gram-positive bac-
teremia and 40 with Gram-negative bacteremia). Seventy-seven
patients with negative blood cultures served as controls. Only su-
PAR, PCT, and IL-6 could distinguish SIRS patients with or with-
out positive blood cultures independent of Gram reaction (CRP
could not differentiate patients with Gram-negative bacteremia
from controls). AUROC determinations were similar for suPAR,
PCT, and IL-6 (0.726 [95% CI, 0.638 to 0.814], 0.44 [95% CI,
0.650 to 0.838], and 0.735 [95% CI, 0.632 to 0.838], respectively)
but superior to CRP and WBC count. The AUROC was maxi-
mized when suPAR, PCT, and IL-6 were combined (0.804 [95%
CI, 718 to 0.890]). Further, initial suPAR serum levels were signif-
icantly associated with 28-day mortality. Loonen et al. (26) eval-
uated the use of four biomarkers, suPAR, PCT, CRP, and neutro-
phil/lymphocyte count ratio (NLCR), as a way to screen patients
who might be candidates for more costly direct-from-blood nu-
cleic acid amplification testing (NAAT) for microbial DNA com-
pared to blood culture as the reference standard. They found
that suPAR, PCT, and NLCR were all significantly elevated in
patients with positive blood culture and that the AUROC was best
for PCT (0.806) and worst for CRP (0.485). The AUROC for the
NLCR (0.77), however, was nearly as good as PCT, but the com-
parative cost of determining the NLCR was much less. Inciden-
tally, the performance of the two NAAT assays which amplify a
variety of bacterial DNA targets by PCR was quite inadequate,
generating sensitivity and specificity values of 11 and 96% and 37
and 77%, respectively. In a study of 539 adult patients admitted to
the emergency department, Uusitalo-Seppälä et al. (27) found
that elevated plasma suPAR, PCT, CRP, and IL-6 levels could be
used to distinguish patients with severe sepsis from patients with-
out SIRS (with and without bacterial infection), SIRS, and sepsis,
while a high suPAR level alone was the optimum marker of case
fatality. In contrast and using a meta-analysis of 10 studies of
critically ill patients, Backes et al. (28) found that suPAR levels
held no diagnostic value toward differentiating septic from non-
septic ICU patients but were significantly higher in nonsurvivors
(septic or not) and correlated well with disease severity and organ
failure scores.

TRANSCRIPTOME ANALYSIS

One of the more exciting approaches toward the diagnosis of sep-
sis is the evaluation of differential gene expression between SIRS
patients with or without sepsis versus healthy controls. Sepsis was
once thought to be a manifestation of a hyperinflammatory re-
sponse to infection, but a new paradigm is emerging suggesting a
shift in immune regulation during the course of sepsis from in-
flammation to immunosuppression/dysfunction (29). The latter
has been linked to a state of endotoxin (LPS) tolerance, possibly
indicative of immune exhaustion (30).

Pena et al. (31) examined early-stage sepsis patients for evi-
dence of LPS tolerance using gene expression profiling of periph-
eral blood mononuclear cells (PBMCs) by microarray analysis.
Using high-throughput sequencing of cDNAs from PBMCs, they
described an “endotoxin tolerance signature (ETS)” profile con-
sisting of 99 differentially expressed genes uniquely found in LPS-
tolerant PBMCs but not in inflammatory PBMCs or nonstimu-
lated control cells. Conversely, they were also able to define an
“inflammatory signature (IS)” based on gene expression of in-
flammatory PBMCs, but not LPS-tolerant cells. They then evalu-

ated 11 individual patient cohorts. One in-house cohort consisted
of 22 patients with confirmed sepsis plus 10 additional cohorts
representing 571 early sepsis patients and 160 healthy controls
from a meta-analysis. They found that septic patients from all
cohorts produced an expression profile highly associated with the
ETS compared to controls. The IS was significantly associated with
septic patients in eight cohorts but at a consistently weaker asso-
ciation than the ETS. Further, the ETS was present in septic pa-
tients as early as day 1 after ICU admission and maintained
through day 3. Next, they performed a prospective observational
evaluation of 72 patients with early suspected sepsis. Of these, 37
had confirmed sepsis. Once again, the ETS was significantly en-
riched among patients with sepsis but not in the others and in the
culture-positive versus the culture-negative sepsis group. The ETS
was significantly associated with the development of organ failure
and disease severity. Notably, ETS was not enriched in other crit-
ically ill patients (kidney transplant rejection or myocardial in-
farction). Finally, they were able to pare the gene set down from 99
to 31 without loss of performance. The 31-gene expression set
actually improved the ability to discriminate septic patients with
positive culture, those requiring admission to the ICU, and indi-
viduals with subsequent organ failure.

CONCLUSIONS

This minireview presents only a small fraction of the number of po-
tential biomarkers that have been evaluated for the purpose of pre-
dicting sepsis or differentiating patients with sepsis or noninfectious
SIRS. As of 2010, 178 individual biomarkers were examined in 3,370
studies (32), and those numbers have likely increased considerably
since then. While the ultimate goal is a noble one, it is clear (at least to
the author) that there will likely not be a single home run hit any time
soon to satisfy this requirement. This is understandable, because SIRS
and sepsis are heterogeneous collections of disease processes defined
not only by individual host response but also by the numerous infec-
tious, presumed infectious, or noninfectious triggers that generate
SIRS. More likely, a combination of biomarkers more capable of sup-
porting the clinical diagnosis or predicting the development of sepsis
will emerge. However, it is unlikely that there will be a “one size fits
all” approach to accommodate different patient populations (emer-
gency department, ICU, neurology, trauma, adults, pediatrics, etc.), a
single specimen type (whole blood, plasma, and serum), and a single
cutoff value in the absence of a single reference standard. From the
existing literature, this goal also seems unlikely until some form of
standardization or procedural norm is established for conducting fu-
ture studies (2). Further, no single marker carries the necessary sen-
sitivity, specificity, or positive or negative predictive value to stand on
its own. However, not all is lost. We are beginning to appreciate the
hidden value buried in some of these biomarkers—e.g., using PCT to
support antimicrobial stewardship, determining the duration of an-
timicrobial therapy, and ruling out rather than comfirming sepsis (2,
3, 10, 13). In that sense, the use of transcriptome analysis to differen-
tiate sepsis from SIRS and to predict patient risk for developing sepsis
and organ failure seems to be a promising approach that could be
developed over time into a nonbiased database of differential gene
expression using standardized sequence-based and hybridization
technologies. Studies such as these could also lead to future bio-
marker discovery, including gene products that at present seem non-
sequitur to the sepsis response profile. To reiterate the introduction,
sepsis is not (yet) a laboratory-based diagnosis but a laboratory-sup-
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ported diagnosis initiated by clinical impression and patient presen-
tation.
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