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Biomarkers in Pediatric Sepsis
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We should spend more time learning how to achieve an
accurate diagnosis and less time searching for a magic
bullet.. Roger Bone (1996) [1]

INTRODUCTION

Sepsis is a leading killer of both adult and pediatric
patients, and delays in recognition and treatment
significantly increase the risk of morbidity and mortality [2,
3]. The concept of early detection serves as the foundation
for the search for clinically viable indicators of severe sepsis
and septic shock — hence the interest in sepsis biomarkers. A
biomarker is defined as the biological parameters associated
with the presence and severity of specific disease states.
Biomarkers are detectable and measurable by a variety of
methods including physical examination, laboratory assays,
and medical imaging. Specifically, a biomarker is a
characteristic that is objectively measured and evaluated in a
normal biologic process, in a pathologic process, or as a
pharmacologic response to a therapeutic intervention [4]. For
sepsis, a “good” biomarker may permit earlier diagnosis,
earlier treatment, and thus reduced morbidity and mortality.

The concept of an “ideal” sepsis biomarker is worthy of
exploration. First, an ideal sepsis biomarker would
accurately detect the presence of infection in a patient. That
is, an ideal sepsis biomarker would detect all cases of sepsis
and would have no false positive tests. Next, a sepsis
biomarker must be easily tested. If a sepsis biomarker were
100% sensitive and 100% specific in all patient populations
at the exact moment that even a single infectious organism
comes in contact with a patient — it would seem appealing.
However, if the biomarkers were only available via a
laborious or invasive technique (i.e. a cardiac biopsy) — that
appeal would lessen, due to the difficulty in obtaining the
sample. Most of the acceptable biomarkers are obtained via
blood sample or swabs, and the biomarkers described in this
sepsis review are serum markers. An ideal sepsis biomarker
should provide a rapid “turn-around” time. If a biomarker
were sensitive, specific, and obtained easily — but provided
testing results after a long delay, the biomarker might be
ineffective. Severe sepsis and septic shock often progress
rapidly and delays in diagnosis and treatment are critical.

There are conceptually only 2 physiologic targets for
sepsis biomarkers — biomarkers related to the infectious
agent or related to the body’s response to the infectious
agent. Infectious components that might serve as biomarkers
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are bacterial cellular components, bacterial DNA, or even
viral RNA/DNA. Alternatively, the body’s response to
infection might allow for the targeting of cytokines,
coagulation markers, inflammatory markers, acute phase
reactants, markers of dysoxia, and even soluble receptors.
The majority of sepsis biomarkers, to date, focus on the
body’s response to infection. The limitations of this
approach are highlighted in the neonatal and pediatric
intensive care units and include physiological variation
among the response to sepsis based on age, genetics,
infectious agents, and comorbid conditions. Specifically, the
relative immunologic immaturity of a neonate provides a
uniquely challenging physiologic milieu when targeting
sepsis biomarker design [5]. More unique is the
immunosuppressed oncologic or transplant patient, where
“normal” physiologic response to sepsis might be highly
modified by specific immunosuppressive agents [6].
Expectantly, this approach limits the transportability for any
single biomarker across patient populations.

Using a single or set of biomarkers for sepsis has clear
benefits related to early diagnosis and intervention. There
are, however, risks of using biomarkers to define a disease,
in this case sepsis. One risk lies in false positive test results —
that is a biomarker test result indicates that the patient has
sepsis when they don’t have sepsis [7]. This could lead to
aggressive treatment, prolonged hospitalization, and
ultimately unnecessary therapy. Additionally, and possibly
more risky, is the danger of narrowing the differential
diagnosis too early. So not only might unnecessary therapy
be initiated but the necessary diagnostic testing or therapy
for a patient’s actual disease could be delayed.

With that foundation laid, the challenge to define the
current evidence around biomarkers for sepsis is a daunting
one. A simple PubMed search of “sepsis AND biomarker”
yields over 3,300 matches, an improvement from the 26,000
plus hits when searching “infection AND biomarker.” A
summary of the key literature is included for the purpose of
this review, though expectantly as technology improves the
sepsis biomarker science is likely to evolve rapidly. The
format for this biomarker discussion includes a review of the
major biomarkers and their efficacy as sepsis biomarkers, the
physiologic basis for each target, descriptions of the
laboratory test(s), and specific applications in unique
populations.

C-REACTIVE PROTEIN (CRP)

C-reactive protein (CRP) is widely used as a marker of
acute inflammation and one of the more studied sepsis
biomarkers. It is produced by the liver in response to
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interleukin (IL)-6 generated during the inflammatory
response to cellular injury. CRP is thought to assist in
complement binding to foreign and damaged cells [8-12].
CRP is found to increase later in the course of sepsis than
other biomarkers such as IL-6 and IL-1 [9]. Sensitivity of
CRP in diagnosing sepsis ranges from 44% to 100%.
Specificity ranges from 58% to 98%, depending upon the
cut-off value used (Table 1). CRP is a marker of
inflammation, and not of infection. As such, it may be
elevated in many other conditions such as viral infection,
malignancy, trauma, post-operative, burn injury, tissue
necrosis, immunologically-mediated inflammatory diseases,
crystal-induced inflammatory diseases, and even obesity [13,
14]. CRP is 87-97% specific and 15-29% sensitive in
diagnosing neonatal sepsis and particularly less useful in pre-
term infants [15]. Although a positive CRP will only
increase probability of infection by 11%, a negative CRP
decreases probability of infection 33% [16]. All neonatal
patients, as well as pediatric patients with liver failure or
undergoing steroid treatment, have decreased CRP levels in
response to infection due to decreased cytokine activation
[14,15].

In a trial with procalcitonin (PCT) and serum amyloid
(SAA), CRP was found to have the same diagnostic
capability for neonatal bacterial sepsis, but not in the early
phase. In children, however, PCT is superior [8]. In patients
with known sepsis, CRP was compared with sepsis-related
organ failure assessment (SOFA) scores and found to be
higher at lower SOFA levels, indicating that CRP is not a
direct measure of clinical progression, therefore not helpful
in providing information about further organ dysfunction
because it is already to a maximum level at the time organ
dysfunction arises [17]. CRP, when used in combination
with IL-6, is a reliable marker of early infection and disease
progression. IL-6 rises fast, but has a short half-life, so CRP
is used to monitor disease after the 24-hour mark [11]. CRP
rises over 2-3 days, peaking at 36-50 hours after the insult
[13].

CRP is a serum measurement. A volume of 2-3 milliliters
of blood is required [18]. The assay is run by either
nephelometry or immunoturbidity [11]. This involves
combining CRP-containing serum with its specific CRP
antibody to form antigen-antibody complexes that are
insoluble. A beam of light from an infrared light emitting
diode or detector is passed through a test tube containing
CRP-antibody complexes. The amount of light scattered is
measured from different angles using a nephelometric
device, handheld turbidimeter, or automated analyzer. The
amount of CRP is proportional to the amount of light
scattered [19]. The assay can cost anywhere from two to five
dollars and the turn-around time ranges from 2-6 hours [13].

ERYTHROCYTE SEDIMENTATION RATE (ESR)

Another commonly discussed sepsis biomarker is the
erythrocyte sedimentation rate (ESR) which is a non-specific
marker of tissue injury [20]. ESR has been shown to be more
useful than leukocyte count in identifying inflammatory
conditions. In fact, ESR is even useful in differentiating mild
versus severe states of inflammation. Sensitivity and
specificity are consistently high ESR in detection of
inflammatory diseases and malignancy [13]. ESR is less
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useful, however, in categorizing the etiology behind the
highly inflamed patients (i.e. differentiating malignancy
versus infection) [13]. Hence, ESR is a nonspecific marker
of inflammation with very limited specificity in diagnosing
sepsis.

In burn patients who often sustain high levels of
inflammation, ESR was found to be elevated but not
different between infected and non-infected burn patients
[13]. The use of ESR as an indicator of sepsis in neonates
has proven useless as sedimentation is low in the newborn
state due to high hematocrit [20]. Low baseline ESR exists in
cases of decreased fibrinogen, sickle cell disease,
polycythemia, or congestive heart failure [21].

The ESR test actually measures the rate at which red
blood cells precipitate over one hour and is reported in
millimeters per hour (mm/h). ESR measurement is available
in most hospital laboratories and requires 2-4 milliliters of
blood. The test is inexpensive, costing around two dollars
[18]. Because of the intrinsic time required to allow
erythrocyte precipitation, the test takes about 2 hour to
result.

PROCALCITONIN

Procalcitonin (PCT) is gaining attention as a sepsis
biomarker. PCT is a precursor protein of calcitonin which is
produced by the thyroid C cells during normal physiologic
conditions. In cases of sepsis, however, PCT has an extra-
thyroidal origin and is produced in response to endotoxin
(gram negative sepsis) and/or cytokines involved in the
sepsis cascade [14, 22]. PCT has been found to be an
indicator of bacterial and fungal infection in cases of
pneumonia [23], acute respiratory distress syndrome [24],
systemic inflammatory response syndrome [16], sepsis [13],
shock [25], post-operative and trauma patients [22], and
oncologic conditions [14]. Not only has PCT been found to
be a marker of infection in general, but has also been shown
to increase as disease severity worsens, and although the
mode of action during times of sepsis is unclear, PCT has
been implicated in mediating the inflammatory process [8].

Multiple studies have shown that PCT levels are
markedly higher in patients with sepsis than in healthy
controls [8, 26], and in some studies has been found to be
superior to other biomarkers, especially CRP [15, 16, 18,
22]. In a head-to-head comparison with CRP, PCT rises
faster (4 hours compared to 6 hours in CRP), peaks faster (8
hours compared to 36-50 hours), normalizes more quickly
(48 hours after appropriate therapy compared to 72-96 hours)
and is more sensitive and specific to sepsis (92.6% and
97.5% respectively) [26].

PCT has been studied in multiple patient populations.
The only population of patients where PCT does not seem to
be an accurate measure of infection and disease severity is
the neonate. PCT undergoes a physiologic rise in the non-
infected neonate, especially in the first 72 hours of life [27],
so it is not a reliable marker for infection in such patients.
Beyond the neonatal period, PCT seems to be equally
efficacious in use for pediatric and adult inflammatory
processes [22].

Since PCT has shown efficacy in indicating presence of
infection, it has begun to be implicated as a potential
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biomarker of interest in specific patient populations as well.
In the hematology/oncology wards, it has been found to be
of limited diagnostic value in patients undergoing T-cell-
directed immunosuppressive therapy, granulocyte support, or
who are in the acute stages of graft-versus-host disease [14].
In patients who required surgery or were victims of trauma,
PCT was found to be a useful biomarker in diagnosing
sepsis, but was of no additional value in this population
when compared to non-surgical critically ill patients [22]. It
was found, however that the cutoff value for PCT in
diagnosing sepsis should be higher in patients who have had
a surgical aspect to their care because of its role in
inflammation as well as infection [25]. PCT has also been
implicated as being useful in the post-transplant patient [28].
Though PCT levels are higher in all surgical patients, heart
transplant recipients with levels above 80ng/mL were
significant in predicting complications and increased
mortality [17].

The logistics of using PCT as a potential marker for
sepsis include turnaround time and accuracy. It has already
been said that specificity and sensitivity are >90%. The
laboratory test requires 2mL of clotted blood and results can
be reported in 2 hours [26]. The assay requires the sample to
be centrifuged and the serum to be frozen at -70°C [8, 27].
The assay can be run from a variety of commercially
available methods, but the most commonly used assay is the
Brahms automated immunofluorescent assay.

INTERLEUKIN (IL)-6

The interleukins have been logical targets of sepsis
biomarker investigations related to their role in inflammation
and sepsis. Interleukin-6 (IL-6) is a pro-inflammatory
cytokine that is produced in response to infection and other
conditions of inflammation [8, 11]. IL-6 is an integral part of
the cytokine activation cascade [10]. IL-6 is found to inhibit
tumor necrosis factor-alpha and interleukin-1 but activate
interleukin-1 receptor antagonist and interleukin-10 [12].

In gram-negative sepsis in neonates, using an IL-6 cutoff
value of 18.2pg/mL, sensitivity for diagnosing sepsis was
87%, specificity was 50%. When compared to C-reactive
protein (CRP), IL-6 was found to be less useful in early
diagnosis of sepsis as a single biomarker [8]. In another
study looking at children with sepsis and septic shock, IL-6
was compared to procalcitonin (PCT) and IL-6 levels were
markedly higher at zero and twelve hours in the septic shock
group and septic group [10]. Magudumana et al. also looked
at sepsis in neonates and found that a combination of I1L-6
and CRP gave the best prediction of infection and that IL-6
alone at the first sign of early infection can decrease the
amount of unnecessary antibiotics in the neonatal intensive
care unit [11].

IL-6 is a serum measurement requiring 1ml of blood. The
serum test can either be a sandwich enzyme-linked immuno-
sorbent assay (ELISA) or a solid phase chemiluminescent
assay [8, 9]. Incubation takes approximately 30 minutes and
results are available in 1-3 hours. Cost ranges from five to
twenty dollars for ELISA and chemiluminescent assays,
respectively [8, 9].

Drawbacks of use of IL-6 as a biomarker in sepsis
include cost and sensitivity. The cost of the assay seems to
offset the benefit neonates would receive in terms of
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shortened hospital stay and increased availability of high-
risk intensive care beds [8, 9]. IL-6 has a physiologic rise in
the neonate peaking on day one of life. IL-6 has reported
sensitivity of 76-100% and specificity of 70-96% indicating
a wide range in clinical applicability. Equal numbers of
infected and non-infected patients had elevation the day prior
to clinical manifestation of sepsis [12].

INTERLEUKIN-1 RECEPTOR ANTAGONIST (IL-1ra)

Interleukin-1 receptor antagonist (IL-1ra) is the receptor
antagonist of IL-1B. Levels reach peak at 2-4 hours after
experimental endotoxin administration. IL-lra remains
elevated for more than 24 hours after endotoxin [13]. One
drawback of using IL-Ira as a biomarker in diagnosing
sepsis is that it can be found in the serum at different levels
in neonates of different gestational ages and those with non-
infectious neonatal disease. This has proven challenging in
setting standard cutoff levels, thus normal values are not
readily available. IL-1ra is a serum measurement and the
assay is an ELISA [13].

In neonatal sepsis, IL-6 and IL-1ra were increased 2 days
prior to development of signs or symptoms of clinical
disease in very low birth weight infants, and IL-1ra increased
in all patients with clinically diagnosed sepsis [13]. IL-1ra
has a longer half-life than IL-6, potentially making a better
biomarker in diagnosing sepsis.

INTERLEUKIN (IL)-8

Interleukin-8 (IL-8) is an inflammatory cytokine that is
released from monocytes, endothelial cells, and neutrophils
in response to IL-1 and TNF-a. IL-8 responds by activating
T cells, neutrophils and basophils [29]. Increases in
circulating IL-8 are seen early in the infectious course. IL-8
is measured in the serum by a variety of enzyme
immunoassays that are commercially available. IL-8 peaks at
2.5-3 hours [30]. The cost of the test is approximately $15
and results are available within 5 hours.

In a study of oncology patients with febrile neutropenia,
IL-8 levels were elevated earlier and higher in patients with
gram-negative sepsis from E. coli or K. pneumonia. Levels
were likewise elevated in gram-positive sepsis, but less-so
than with gram-negative infection [31]. In a recent study
observing at biomarkers in meningococcemia, IL-8 levels
were significantly higher in non-survivors, indicating that
IL-8 elevation would correlate with more severe disease
[32].

There has been much research in finding an appropriate
biomarker profile to accurately predict sepsis. While IL-8
alone does not seem to be adequate in predicting sepsis,
when combined with other biomarkers, promising results
have been presented. A recent study looked at IL-1Ra, TNF,
IL-6, and IL-8 as biomarkers of sepsis and found that a
profile consisting of high IL-1Ra: TNF, IL-1Ra: IL-6 and IL-
1Ra: IL-8 were associated with more severe disease and
septic shock [33]. Another study found a sensitivity of 96%
in determining sepsis in neonates when IL-8 was combined
with CRP [34].

TUMOR NECROSIS FACTOR (TNF)-a

Another popular sepsis biomarker target is tumor
necrosis factor-alpha (TNF-a), a pro-inflammatory cytokine
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that is known to mediate inflammatory conditions including
sepsis [35]. It is produced by dendritic cells, activated T cells
and monocytes, macrophages, Langerhans cells,
keratinocytes, fibroblasts, and astrocytes in response to
cellular insult [35, 36]. Acting as one of the primary agents
in initiating the cellular response to sepsis, TNF-a regulates
the body’s immune response by influencing production of a
variety of cells including prothymocytes and thymocytes. In
addition, TNF-a activates macrophages and NK cells in the
cytotoxic cascade [27, 35].

One of the benefits of TNF-a is that it rises early. The
cytokine peaks at one hour after exposure to infectious
element but is no longer detectable in the serum at 3 hours
[37]. During this time, however, TNF-a is binding to soluble
cellular receptors that are shed. This provides another
potential diagnostic marker to track once TNF-a itself is no
longer detectable [38].

It is known that TNF-a rises during infection in the adult
population [39]. The utility of TNF-o as a biomarker in
sepsis in children, however, is not well studied. Ucar looked
at TNF-a in comparison to serum amyloid A and IL-1,
among others, and found that TNF-a is not as useful in
diagnostic capabilities in neonatal sepsis [27]. In children
with meningococcemia, it has been shown that TNF-a,
together with IL-6 induce the acute phase response
spearheaded by CRP, but laboratory correlation between the
three biomarkers is less straightforward in providing a
tracking tool for improvement [38]. Statistical analysis is
quite variable (See Table 2). The sensitivity of TNF-a in
culture-confirmed sepsis to be 83.3% on day zero [27].
Using a cut-off value of 12pg/mL, sensitivity can reach as
high as 87.9%, but lower cut-off values are often used to
increase specificity. Using the same cut-off, but combining
TNF-a with IL-6 levels, one can increase sensitivity for
detecting neonatal sepsis to 98.5% [37]. Santana Reyes
found that using TNF-a alone as a single diagnostic marker
in early diagnosis of neonatal sepsis is not advisable based
on sub-optimal specificity [40]. The major drawback in
using TNF-a as a sole biomarker in tracking sepsis is its
short half-life in the blood [39]. The cost is comparable to
other assays. The assay is a sandwich ELISA requiring 2mL
of blood to be kept at -72°C until aliquot can be analyzed
[37].
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TRIGGERING RECEPTOR EXPRESSED ON MYE-
LOID CELLS (TREM)-1

Triggering receptor expressed on myeloid cells-1
(TREM-1) is a member of an immunoglobulin superfamily
that is upregulated in response to bacteria or fungi. When
bound, TREM-1 stimulates the release of cytokines such as
TNF-o and IL-1pB [41]. A benefit of TREM-1 is that it is not
elevated in non-infectious inflammatory disorders [31]. One
drawback of TREM-1 is that it is not easily identified in
body fluids. A soluble form of TREM-1 (sTREM) is,
however, detectable and therefore serves as a more beneficial
option for a biomarker predictive of sepsis [42]. STREM is
also higher in patients with septic shock than those with
sepsis or severe sepsis [43].

sTREM seems to be an accurate laboratory marker of
sepsis. Sensitivity ranges from 96-98% and specificity is 89-
90% [41]. A recent study showed that sSTREM levels seemed
to be protective against death likely indicating that early
inflammatory response to infection leads to better clinical
outcomes. The same study also showed a progressive decline
in STREM levels as the clinical picture improved [41]. A
positive correlation has been found between sTREM and
SOFA scores, as well [44]. In a comparison study between
procalcitonin, CRP and sTREM it was found that sSTREM
levels were significantly lower in non-survivors. Elevated
STREM levels on admission to the ICU seem to serve as a
protective factor in the same population, and sSTREM levels
decline as clinical improvement is seen [45]. Other adult
studies have demonstrated conflicting results, showing no
difference in STREM levels in adults with SIRS, sepsis, or
severe sepsis when compared with healthy controls [46].

sTREM appears to peak at around 2 hours after infectious
exposure [43], and sustained elevation of sSTREM appears to
predict a poor outcome [42]. The cost of STREM assay is
$30 and results can take up to 5 hours. STREM levels are
measured by ELISA [46].

HIGH MOBILITY GROUP BOX (HMGB) 1

High mobility group box 1 (HMGBI) is a chromatin
protein that was first described in the 1970°s through
copurification with histone from thymic nuclei. Localized to
both the nucleus and the cytoplasm, HMBG1 appears to
contribute to nucleosomal structure and stability, though it
appears to be shuttled between cytoplasm and nucleus [47].

Table 1. CRP Values and their Correlating Prevalence, Sensitivity, and Specificity for Sepsis

CRP Cut-off Prevalence Sensitivity Specificity

(95% CI) (95% CI)

Isaacman and Burke, 2002 [58] 4.4 mg/dL 11% 62 (44-80) 81 (76-86)
Pulliam et al., 2001 [59] 7 mg/dL 18% 79 (57-100) 90 (83-98)
Lacour et al., 2001 [60] 40 mg/L 23% 89 (78-100) 75 (66-84)
Galetto-Lacour et al., 2003 [61] 40 mg/L 29% 79 (65-94) 79 (69-88)
Berger et al., 1996 [62] 20 mg/L 25% 83 (70-97) 67 (58-76)
Andreola et al., 2007 [26] >40 mg/L 67% 71 (61-80) 81 (76-85)
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Table 2.  Statistical Comparison of Sensitivity and Specificity of TNF-a as a Sole Diagnostic Marker of Sepsis in Children
Sensitivity (%) Specificity (%) Cut-off Value (pg/mL)
Ucar et al. [27] 83.3 80.6 1
Santana Reyes et al. [40] 92 54 1
Silveira et al. [37] 87.9 43% 12
Table3. Summary of Advantages and Disadvantages of Each Candidate Biomarker for Neonatal/Pediatric Sepsis. (CRP = C-
Reactive Protein, ESR = Erythrocyte Sedimentation Rate, IL = Interleukin, TNF- o = Tumor Necrosis Factor — Alpha,
TREM-1 = Triggering Receptor Expressed on Myeloid Cells, and HMGB1 = High Mobility Group Box 1)
Biomarker Advantage Disadvantage
CRP . Relatively insensitive and nonspecific . Elevated in all states of inflammation
. Inexpensive . No correlation with disease severity (SOFA
score)
ESR . More sensitive than leukocyte count for infection . Elevated in all states of inflammation
. Inexpensive . Not useful in neonates
Procalcitonin . More sensitive/specific than CRP for sepsis Peaks very early, wanes early
. Correlates to disease severity with sepsis
IL-6 . Proinflammatory cytokine integral in cytokine cascade Lacks sensitivity and specificity
IL-1ra . Elevated in neonates who went on to develop sepsis Neonatal levels influenced by gestational age
and secondary causes of inflammation
IL-8 . More significant elevations in febrile neutropenic patients with Poor predictor of sepsis as isolated biomarker
gram negative sepsis
TNF-a . Peaks early . Very short serum half-life
. Primary agent triggering cellular response to sepsis
TREM-1 . Specific to infectious inflammation . Limited pediatric data
. Soluble form is detectable in body fluids
HMGBI1 . Correlation with disease severity (SOFA score) . Limited human and pediatric studies

Cytokine (TNF-a, IFN-y) stimulated macrophages release
HMGBI1 and endotoxin induces “late” release of HMGBI.
Animal models of endotoxemia resulted in serum detection
of HMGBI at 8hrs and direct endotoxin infusion resulted in
plateau levels from 16-32 hours [48-50]. Aside from
inflammatory release of HMGBI, necrotic and damaged
cells are also sources of serum HMGBI. Late treatments
with ethyl pyruvate decreases serum accumulation of
HMGBI1 in septic mice and the HMGB1 antagonist, “A
box,” rescues mice from severe sepsis [51, 52]. Anti-
HMGBI antibodies have shown to reduce endotoxin-induced
acute lung injury and increase survival when administered
late in animal models [53].

In humans, HMGB-1 was significantly elevated in
patients with DIC when compared to patients with trauma,
infectious diseases, and malignancies. In the DIC cohort, the
non-survivors had significantly higher serum HMGBI levels
and correlated with both DIC scores and sepsis-related organ
failure assessment (SOFA) score [54]. A case report
describes the use of direct hemoperfusion with a polymyxin

B immobilized fiber column in a septic patient and
documented a reduction in endotoxin, interleukin 6 (IL-6),
and HMGB1 [55]. A cohort of patients exposed to similar
direct hemoperfusion showed improved mortality and an
associated reduction in HMGBI levels following polymyxin
B-immobilized fiber column [56]. In humans with surgical
sepsis, HMGB1 were elevated when compared to healthy
volunteers, and HMGBI levels were significantly higher in
septic nonsurvivors versus survivors [49].

CONCLUSION

In summary the data for sepsis biomarkers in pediatric
sepsis can be confusing (Table 3). Many individual studies
have shown promise, and some studies combining multiple
biomarkers show promise as well. However, the problems
remain with transportability of biomarker tests among
different pediatric and neonatal populations. Also, there is
still caution amongst front-line care providers with
implementing biomarker assays to universally drive care
largely due to false-positivity rates. The near future use of
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biomarkers of pediatric severe sepsis and septic shock may
be applied for stratification of risk among critically ill
children. Wong, et. al. described the use of IL-8 as a risk
stratification tool for prospective clinical trials allowing
mortality to be used as real endpoints in the “high risk”
population suffering from severe sepsis/septic shock [57]. To
date, there is no single or combined biomarker assay that is
employed broadly amongst pediatric hospitals.
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