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Box 1. SIRS (Systemic Inflammatory Response Syndrome)
Two or more of:
Temperature >38°C or <36°C
Heart rate >90/min

Respiratory rate >20/min or PaCO, <32 mm Hg (4.3 kPa) White blood cell
count >12 000/mm? or <4000/mm? or >10% immature bands

From Bone et al.?

JAMA. 2016 February 23; 315(8): 801-810.
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Box 2. Key Concepts of Sepsis

Sepsis is the primary cause of death from infection, especially if not
recognized and treated promptly. Its recognition mandates urgent
attention.

Sepsis 1s a syndrome shaped by pathogen factors and host factors (eg,
sex, race and other genetic determinants, age, comorbidities,
environment) with characteristics that evolve over time. What
differentiates sepsis from infection 1s an aberrant or dysregulated host
response and the presence of organ dysfunction.

Sepsis-induced organ dysfunction may be occult; therefore, its presence
should be considered in any patient presenting with infection.
Conversely, unrecognized infection may be the cause of new-onset
organ dysfunction. Any unexplained organ dystunction should thus
raise the possibility of underlying infection.

The clinical and biological phenotype of sepsis can be moditfied by
preexisting acute illness, long-standing comorbidities, medication, and
interventions.

Specitic infections may result in local organ dysfunction without

JAMA. 2016 February 23; 315(8): 801-810.

generating a dysregulated systemic host response.




In lay terms, sepsis 1s a life-threatening condition that arises when the
body’s response to an infection injures its own tissues and organs.

Patients with suspected infection who are likely to have a prolonged
ICU stay or to die in the hospital can be promptly identified at the
bedside with qSOFA, ie, alteration in mental status, systolic blood
pressure >100 mm Hg, or respiratory rate >22/min.

Septic shock is a subset of sepsis in which underlying circulatory and
cellular/metabolic abnormalities are profound enough to substantially
increase mortality.

Patients with septic shock can be 1dentified with a clinical construct of
sepsis with persisting hypotension requiring vasopressors to maintain

MAP >65 mm Hg and having a serum lactate level >2 mmol/L

(18mg/dL) despite adequate volume resuscitation. With these criteria,
hospital mortality 1s in excess of 40%.
JAMA. 2016 February 23; 315(8): 801-810.
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Inflection points in sepsis biology: from local defense to systemic

organ injury

Eric J. Seeley, Michael A. Matthay, and Paul J. Wolters

Division of Pulmonary, Critical Care and Sleep Medicine, Department of Medicine, University of California,
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Seeley EJ, Matthay MA, Wolters PJ. Inflection points in sepsis biology: from local
defense to systemic organ injury. Am J Physiol Lung Cell Mol Physiol 303: L355-
1.363, 2012. First published June 13, 2012; doi:10.1152/ajplung.00069.2012.—Sepsis
and septic shock lead to considerable morbidity and mortality in developed and
developing countries. Despite advances in understanding the innate immune events
that lead to septic shock, molecular therapies based on these advances have failed
to improve sepsis mortality. The clinical failure of laboratory-derived therapies may
be, in part, due to the pleiotropic consequences of the acute inflammatory response,
which is the focus of this review. A brisk response to infecting organism is essential
for pathogen containment and eradication. However, systemic spread of inflamma-
tion beyond a single focus leads to organ injury and higher mortality. The primary
goal of this article is to discuss recent animal- and human-based scientific advances
in understanding the host response (o infection and to highlight how these defense
mechanisms can be locally beneficial but systemically detrimental. There are other
factors that determine the severity of sepsis that are beyond the scope of this review,
including the virulence of the pathogen and regulation by Toll-like receptors.
Specifically, this review focuses on how the effector mechanisms of platelets, mast
cells, neutrophil extracellular traps (NETs), and the endothelium participate in
combating local infections yet can induce organ injury during systemic infection.

innate immunity; neutrophil extracellular traps; mast cells; platelets; Toll-like
receptor
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Fig. 1. Locally beneficial host defense mechanisms can become detrimental
during the systemic spread of infection and inflammation. Local inflammatory
mediators, including tumor necrosis factor (TNF) and interleukin (IL)- 13, lead
to vasodilation, which recruits leukocytes to sites of infection and sets off a
cascade of leukocyte activation, neutrophil extracellular trap (NET) formation,
and coagulation. These mechanisms help contain and kill pathogens during
localized infection. In contrast, the systemic spread of these same immune
mechanisms leads to septic shock, acute organ injury, and potentially death.
DIC, disseminated intravascular coagulation.
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Fig. 2. Early cellular and molecular events during infection. Molecular motifs
specific to pathogens (PAMPs) are sensed by resident innate immune cells,
which express Toll-like receptors (TLRs). TLRs signal via the nuclear factor
(NF)-kB signaling cascade, leading to the expression of nitric oxide, which
induces vasodilation and increases blood flow to sites of infection. TLR
signaling also leads to inflammatory cytokine (TNF, IL-1p3, IL-6) and chemo-
kine [monocyte chemotactic protein (MCP)-1, macrophage inflammatory pro-
tein (MIP)-1a] production, which recruits monocyte and neutrophil sites of
infection. Local eytokine release and the effects of these cytokines on the
endothelium increase the procoagulant properties of endothelial cells and
induce platelet-neutrophil interactions that lead to the formation of NETs.

Am J Physiol Lung Cell Mol Physiol 303: L355-1.363, 2012.
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* Contained infection

* Rapid bacterial clearance
* Limited systemic immune
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* Systemic bacterial dissemination
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* Multiple organ failure

Fig. 3. Sepsis is a numeric and geographic
race between bacterial growth and host de-
fense. A: after the initial inoculum, bacteria
or other pathogens begin to propagate within
local compartments. B: if the immune re-
sponse is sufficiently fast, then the spread of
pathogens is limited by defense mechanisms,
including NET formation, local thromboses,
and neutrophil and monocyte recruitment.
C: in contrast, if invading pathogens are able
to spread outside a single compartment and
the inflection point where specific host de-
fense mechanisms shift from benefit to det-
riment is crossed, then both infection and the
inflammatory response to the infection be-
come systemic, resulting in diffuse organ
injury and shock.

Am J Physiol Lung Cell Mol Physiol 303: L355-1.363, 2012.



The endothelium: A living organ
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ENDOTHELIUM AT A GLANCE

In a human body:
* 10%3 endothelial cells
* 1kgweight
* 4,000-7,000 m? surface area

Wolinsky H., Circ. Res., 1980.



Synthesis of vasoactive peptides (PGI,, TxA,, Angiotensin II, NO,
endothelins)

Expression of enzymes (ACE, NCTs, LPS)

Expression of receptors & signal transduction molecules
Removal & biotransformation of drugs

Regulation of coagulation & thrombolysis

Participation in immune reactions

Interactions with bacteria (phagocytosis) and blood components (PMNSs,
PLTs)

Expression of adhesion molecules

Participation in local vasoregulation

Induction of smooth muscle differentiation
Production of growth promoting and inhibitory factors
Barrier function



Mediators of Endothelial Injury

* Pro-inflammatory cytokines (IL-1, TNFa)
* Cellular response: neutrophils, macrophage/monocytes, lymphocytes

 Cellular events include: adhesion, chemotaxis/chemokinesis & activation
(expression of cell adhesion molecules)

®* Complement system
® Coagulation/fibrinolysis
® Kinin systems

*® Cell-generated mediators: cytokines, lipids, oxidants, proteases,
vasoactive peptides, growth factors, neuropeptides

® Induction of protein synthesis (NFkB activation)



The endothelium maintains vascular health ‘\’
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Growth inhibition
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ENDOTHELIAL DYSFUNCTION

Endothelial Cells

IS THE PRECURSOR OF:

STROKE
DEMENTIA
MEMORY LOSS

VISION LOSS

® SLEEP APNEA (Y

L] HYPERTENSIONE

HEART ATTACK
HEART FAILURE
ANGINA

/
{ ERECTILE DYSFUNCTION -
©® RENAL FAILURE '

@ PERIPHERAL E)\]

PREGNANCY
© PREGNANCY/ ARTERIAL DISEASE (PAD)

PRE-ECLAMPSIA
MONITORING

© 2006, Endothelix, Inc




Normal capillary endothelium
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Mechanisms of EC hyper-permeability

Leukocyte
Direct EC injury mediated EC
injury

Gaps dueto EC
contraction



Table 3. The Berlin Definition of Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome

Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms

Chest imaging? Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload

Need objective assessment (eg, echocardiography) to exclude hydrostatic
edema if no risk factor present

Oxygenation®
Mild 200 mm Hg < Pao,/Fio, = 300 mm Hg with PEEP or CPAP =5 cm H,O°¢
Moderate 100 mm Hg < Pao,/FIo, = 200 mm Hg with PEEP =5 cm H,O
Severe Pa0,/FIo, = 100 mm Hg with PEEP =5 cm H,O

Abbreviations: CPAP, continuous positive airway pressure; FIO,, fraction of inspired oxygen; Pao, partial pressure of
arterial oxygen; PEEP, positive end-expiratory pressure.
aGhest radiograph or computed tomography scan.

bt altitude is higher than 1000 m, the correction factor should be calculated as follows: [Pa0./Fio, x (barometric pressure/
760)].

CThis may be delivered noninvasively in the mild acute respiratory distress syndrome group.

JAMA, June 20, 2012—Vol 307, No. 23



ARDS: Increased endothelial permeability
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Lymphatic drainage
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Abstract: The pulmonary endothelium is a metabolically active continuous monolayer of squamous
endothelial cells that internally lines blood vessels and mediates key processes involved in lung
homoeostasis. Many of these processes are disrupted in acute respiratory distress syndrome (ARDS),
which is marked among others by diffuse endothelial injury, intense activation of the coagulation
system and increased capillary permeability. Most commonly occurring in the setting of sepsis,
ARDS is a devastating illness, associated with increased morbidity and mortality and no effective
pharmacological treatment. Endothelial cell damage has an importantrole in the pathogenesis of ARDS
and several biomarkers of endothelial damage have been tested in determining prognosis. By further
understanding the endothelial pathobiology, development of endothelial-specific therapeutics might
arise. In this review, we will discuss the underlying pathology of endothelial dysfunction leading
to ARDS and emerging therapies. Furthermore, we will present a brief overview demonstrating
that endotheliopathy is an important feature of hospitalised patients with coronavirus disease-19
(COVID-19).

Keywords: ARDS; dysfunction; biomarkers; coagulation; inflammation
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RAS ACE/ACE2 Ratio: A Key Also in 2019 Coronavirus Disease
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Three iIsoforms of NOS regulate vascular tone
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ROS and NO
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The Role of Endothelin-1 and Endothelin Receptor Antagonists
in Inflammatory Response and Sepsis
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Abstract Endothelin-1 (ET-1) is a potent endogenous
vasoconstrictor, mainly secreted by endothelial cells. It acts
through two types of receptors: ETA and ETB. Apart from
a vasoconstrictive action, ET-1 causes fibrosis of the vas-
cular cells and stimulates production of reactive oxygen
species. It is claimed that ET-1 induces proinflammatory
mechanisms, increasing superoxide anion production and
cytokine secretion. A recent study has shown that ET-1 is
involved in the activation of transcription factors such as
NF-kB and expression of proinflammatory cytokines
including TNF-s, IL-1, and IL-6. It has been also indicated
that during endotoxaemia, the plasma level of ET-1 is
increased in various animal species. Some authors indicate
a clear correlation between endothelin plasma level and
morbidity/mortality rate in septic patients. These patho-
logical effects of ET-1 may be abrogated at least partly by
endothelin receptor blockade. ET-1 receptor antagonists
may be useful for prevention of various vascular diseases.
This review summarises the current knowledge regarding
endothelin receptor antagonists and the role of ET-1 in
sepsis and inflammation.

Keywords Endothelins - Sepsis - Inflammation -
Reactive oxygen species - Endothelin receptor antagonists

Pathogenesis of Sepsis

Sepsis is defined as a systemic inflammatory response
syndrome, most commonly provoked by severe bacterial
infection (Naito et al. 2014; Sagy et al. 2013; Zhang et al.
2014) This critical condition, with a mortality rate of about
50-80 %, is characterised by hyperthermia or hypothermia,
tachypnea. tachycardia, leucocytosis or leucopenia, with
immature neutrophils, and organ dysfunction due to
impaired tissue perfusion (Sagy et al. 2013). Endotoxic
shock is also associated with pulmonary hypertension,
systemic hypotension and cardiac dysfunction (Forni et al.
2005). The mechanisms underlying the pathogenic effects
of sepsis are still not completely understood.

The primary cause of escalated inflammatory response
in septic shock is the presence of bacterial toxins. These
include the lipopolysaccharide (LPS) endotoxin, which is a
compound of a Gram-negative bacterial cell wall and an
exotoxin (superantigen) from Gram-positive bacteria.
When released into the blood, these bacterial products
induce macrophages to secrete large amounts of inflam-
matory cytokines like tumour necrosis factor (TNF)-o,
interleukin (IL)-1, IL-6, and IL-8, by the activation of
signalling cascades such as nuclear factor (NF)-kB and
kFinace (MAPK<Y nathwave

mitacen-activated nrotein
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Table 2 Factors, which stimulate and inhibit release of ET-1

Factors stimulating release of ET-1

Factors inhibiting
release of ET-1

Low shear stress’
Adrenalin'
Thrombin®
Angiotensin II°
Hypoxia®
Vasopressin®
Endotoxin (LPS)#
IL-1¢
Transforming growth factor-f°
TNF-o°

Insulin®

Free radicals®
Cardiotrophin-1°¢
Homocysteine®
IL-6"

Calcium ions”

High shear stress’
Nitric oxide®
Prostacyclin®
Heparin®
Prostaglandin®

Atrial natriuretic peptide®
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The indicator-dilution technique

Assessing Pulmonary Endothelial ACE Activity
In Vivo

* Pulmonary Capillary Endothelium Bound Angiotensin Converting Enzyme (PCEB-ACE) is
homogeneously expressed on the luminal endothelial surface area (ectoenzyme)

* Due to its location, PCEB-ACE is directly accessible to blood-borne substrates and
inhibitors; its activity may be assessed by means of indicator-dilution techniques

* PCEB-ACE activity has been shown to be a sensitive and quantifiable index of

pulmonary endothelial function in both animals and humans, in health and disease
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THE BASIC PRINCIPLE

3H-Benzoyl-Phe-Ala-Pro

ACE
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%M = (product/substrate) - 100

v = [E] - t. - k. /K,

v represents a reflection of enzyme activity per capillary

Amax/ |<m = E ) kcaf/ |<m
A,../K, an index of FCSA, represents a reflection of enzyme activity
per vascular bed



BPAP % METABOLISM

ACE METABOLISM IN NORMALS
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Biomarker(s)

* Should be:

* Easily measured

* Have adequate sensitivity and specificity
* Test results should not delay

* Not expensive!



Clinical Assays in Sepsis: Prognosis, Diagnosis,
Outcomes, and the Genetic Basis of Sepsis

Alice Georgia Vassiliou, Stylianos E. Orfanos and
Anastasia Kotanidou

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/67985

Abstract

Sepsis is the most widespread medical disorder of the intensive care unit (ICU) and the
most common cause of death in hospitalized patients. Several endothelium-related mol-
ecules have been investigated as potential biomarkers for early diagnosis and/or progno-
sis of sepsis, providing different results depending on study designs. Therefore, it seems
that we are still far from the right combination of sepsis markers to be used in clinical
practice. It is more probable that a panel of diverse biomarkers will be more efficient in
clinical practice. More recently, the potential use of genetic biomarkers for prognostic
purposes started emerging for sepsis, in the form of genome-wide association studies.
The successtul use of modern molecular diagnostics could enable rapid identification of
particularly susceptible or less susceptible individuals, leading to tailored therapeutic
treatments.

Keywords: sepsis, biomarkers, polymorphisms
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2.3.1. Angiopoietins

Angiopoietin-1 (Ang-1) and angiopoietin-2 are antagonistic factors that trigger endothelial
cell (EC) activation; the role of angiopoietin-1 is to maintain vessel integrity and block vas-
cular leakage, while angiopoietin-2 (Ang-2) counteracts the protective effects of Ang-1-Tie2
signaling [84, 85]. Ang-2 has been proposed as a biomarker in sepsis, since its release directly
reflects vascular barrier breakdown [86-88]. More specifically, Ang-2 levels have been found
to be elevated in patients with severe sepsis compared to patients with sepsis or not [89-91],
higher Ang-2 levels have been reported in septic patients with worse clinical outcome [92-
94], and increased Ang-2 levels have been demonstrated in nonsurvivors compared to sur-
vivors [95, 96]. Fewer studies have examined the role of Ang-1 in sepsis; those reports have
shown either decreased levels of Ang-1 in critically ill patients compared to healthy controls,
or have associated decreased levels at ICU admission with higher mortality [94, 97].

Clinical Assays in Sepsis: Prognosis, Diagnosis, Outcomes, and the Genetic Basis of Sepsis
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Angiopoietin-2 is increased in severe sepsis: Correlation with

inflammatory mediators

Stylianos E. Orfanos, MD; Anastasia Kotanidou, MD; Constantinos Glynos, MD; Chariclea Athanasiou, MD;
Stelios Tsigkos, MD; loanna Dimopoulou, MD; Christina Sotiropoulou, MS; Spyros Zakynthinos, MD;
Apostolos Armaganidis, MD; Andreas Papapetropoulos, PhD; Charis Roussos, MD, PhD

Objective: Angiopoietin (Ang)-2 is an endothelium-specific
growth factor, regulated by proinflammatory stimuli, that destabi-
lizes vascular endothelium and increases vascular leakage; conse-
quently, Ang-2 may contribute to sepsis pathophysiology. We have
studied 1) serum Ang-2 levels in critically-ill patients and investi-
gated potential relationships with inflammatory mediators and indi-
ces of disease severity and 2) the effect of sepsis-related inflamma-
tory mediators on Ang-2 production by lung endothelium in vitro.

Design: Prospective clinical study followed by cell culture studies.

Setting: General intensive care unit and research laboratory of
a university hospital.

Subjects: Human and bovine lung microvascular endothelial cells
and 61 patients (32 men). Patients were grouped according to their
septic stage as having: no systemic inflammatory response syn-
drome (n = 6), systemic inflammatory response syndrome (n = 8),
sepsis (n = 16), severe sepsis (n = 18), and septic shock (n = 13).

Interventions: Cells were exposed to lipopolysaccharide, tumor
necrosis factor-«, and interleukin-6.

Measurements and Main Results: Patients’ serum Ang-2 levels
were significantly increased in severe sepsis as compared with
patients with no systemic inflammatory response syndrome or
sepsis (p < .05 by analysis of variance). Positive linear relation-

ships were observed with: serum tumor necrosis factor-« (r, =
0.654, p < .001), serum interleukin-6 (r, = 0.464, p < .001),
Acute Physiology and Chronic Health Evaluation Il score (r, =
0.387, p < .001), and Sequential Organ Failure Assessment score
(r, = 0.428, p < .001). Multiple regression analysis revealed that
serum Ang-2 is mostly related to serum tumor necrosis factor-«
and severe sepsis. Treatment of human lung microvascular en-
dothelial cells with all mediators resulted in a concentration-
dependent Ang-2 reduction. Treatment of bovine lung microvas-
cular endothelial cells with lipopolysaccharide and tumor
necrosis factor-« increased Ang-2 release, and interleukin-6 re-
duced basal Ang-2 levels.

Gonclusions: First, patients’ serum Ang-2 levels are increased
during severe sepsis and associated with disease severity. The
strong relationship of serum Ang-2 with serum tumor necrosis fac-
tor-« suggests that the latter may participate in the regulation of
Ang-2 production in sepsis. Second, inflammatory mediators reduce
Ang-2 release from human lung microvascular endothelial cells,
implying that this vascular bed may not be the source of increased
Ang-2 in human sepsis. (Crit Care Med 2007; 35:199-206)

Kev Worbs: lung; endothelium; sepsis; angiopoietin-2; tumor
necrosis factor-«; interleukin-6
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Figure 3. Serum angiopoietin-2 correlates with disease severity scores. Top, positive correlation of
serum angiopoietin-2 with Acute Physiology and Chronic Health Evaluation (APACHE) 11 score (n =
61; Spearman’s rank correlation coefficient [r,] = 0.387, p < .001); bottom, positive correlation
between serum angiopoietin-2 and Sequential Organ Failure Assessment (SOFA) score (n = 61; r, =
0.428, p < .001). Linear curves represent least-squares lines.



Plasma angiopoietin-2 in clinical acute lung injury: Prognostic and

pathogenetic significance*

Carolyn S. Calfee, MD, MAS; Diana Gallagher, MD, MMSc; Jason Abbott, BS; B. Taylor Thompson, MD; Michael

A. Matthay, MD; the NHLBI ARDS Network

Background: Angiopoietin-2 is a proinflammatory mediator
of endothelial injury in animal models, and increased plasma
angiopoietin-2 levels are associated with poor outcomes in patients
with sepsis-associated acute lung injury. Whether angiopoietin-2
levels are modified by treatment strategies in patients with acute
lung injury is unknown.

Objectives: To determine whether plasma angiopoietin-2 levels
are associated with clinical outcomes and affected by fluid manage-
ment strategy in a broad cohort of patients with acute lung injury.

Design, Setting, and Participants: Plasma levels of angiopoietin-2
and von Willebrand factor (a traditional marker of endothelial injury)
were measured in 931 subjects with acute lung injury enrolled in a
randomized trial of fluid liberal vs. fluid conservative management.

Measurements and Main Results: The presence of infection
(sepsis or pneumonia) as the primary acute lung injury risk
factor significantly modified the relationship between baseline
angiopoietin-2 levels and mortality (p = .01 for interaction). In
noninfection-related acute lung injury, higher baseline angiopoietin-2
levels were strongly associated with increased mortality (odds ratio,
2.43 per 1-log increase in angiopoietin-2; 95% confidence interval,
1.57-3.75; p < .001). In infection-related acute lung injury, baseline

angiopoietin-2 levels were similarly elevated in survivors and
nonsurvivors; however, patients whose plasma angiopoietin-2 levels
increased from day 0 to day 3 had more than double the odds of death
compared with patients whose angiopoietin-2 levels declined over
the same period of time (odds ratio, 2.29; 95% confidence interval,
1.54-3.43; p < .001). Fluid-conservative therapy led to a 15% greater
decline in angiopoietin-2 levels from day 0 to day 3 (95% confidence
interval, 4.6-24.8%; p = .006) compared with fluid-liberal therapy in
patients with infection-related acute lung injury. In contrast, plasma
levels of von Willebrand factor were significantly associated with
mortallty in both |nfect|on related and nonlnfectlon related acute

Canclus:ons Unlike von Willebrand factor, plasma angiopoietin-2
has differential prognostic value for mortality depending on the
presence or absence of infection as an acute lung injury risk factor.
Fluid conservative therapy preferentially lowers plasmaangiopoietin-2
levels over time and thus may be beneficial in part by decreasing
endothelial inflammation. (Crlt Care Med 2012; 40:1731-1737)

blomarkers endothellal injury; pulmonary edema von Wlllebrand
factor




TISSUE LIVER

INFLAMMATORY
SIGNAL

4 SuPAR

Tie2

Lactate

E-selectin
P-selectin
ICAM-1
PECAM-1
Endocan
uPAR
TREM-1
EPCR

cD14

<{E~v<|CEFI<

TLR

Clinical Assays in Sepsis: Prognosis, Diagnosis, Outcomes, and the Genetic Basis of Sepsis
http://dx.doi.org/10.5772/67985



2.3.2. Selectins

Prior to the firm adhesion of leukocytes to the vascular endothelium and their transmigra-
tion to the sites of injury and inflammation, capture and rolling of leukocytes along the
endothelium occurs. This is mediated by a family of cell adhesion molecules (or CAMs),
called the selectin tamily [98]. Levels of soluble (s)E-selectin are very low in healthy indi-
viduals, whereas increased concentrations have been reported in various inflammatory
pathologies [99-102]; other investigations have shown higher levels in nonsurvivors than
survivors [103, 104]. Recently, it was demonstrated that sE-selectin levels may be used as
predictor of fatal outcome in patients with SIRS [105]. Moreover, sE-selectin has also been
proposed as a predictor of bacteremia in severe sepsis patients [106]. P-selectin has a similar
function, but is constitutively expressed in lung ECs, and correlates with lung endothelial
injury [107]. A recent study by Wang ef al. [108] demonstrated in patients hospitalized for
infections that higher baseline levels of interleukin-6, sE-selectin, and soluble intercellu-
lar adhesion molecule-1 (sSICAM-1) may differentiate those patients who will develop a
mild response to infection from those who will develop full-blown sepsis. A most recent
study showed that high levels of the circulating endothelial adhesion molecules sE- and

sP-selectin, measured at ICU admission, appear to be associated with sepsis development

in time [109] . Clinical Assays in Sepsis: Prognosis, Diagnosis, Outcomes, and the G_enet\c Basis of Sepsis
http://dx doiorg/10.5772/67985



2.3.3. Soluble intercellular adhesion molecule-1 (sSICAM-1)

Both the innate and adaptive immune responses depend on the migration of leukocytes across
endothelial cells [110]. Specific adhesion glycoproteins are required for the binding of leuko-
cytes to ECs. One such glycoprotein, intercellular adhesion molecule-1 (ICAM-1), controls the
firm adhesion of neutrophils on endothelium and consequently their transmigration to the
sites of infection. ICAM-1 has been studied as a biomarker of sepsis severity and outcome.
These studies have produced inconsistent and conflicting results, possibly retlecting the time
point at which they were measured [105]. ICAM-1 production has been shown to be induced

by endotoxins and has been associated with sepsis severity [102, 111] or mortality [111, 112],
while sSICAM-1 seems to be a reliable biomarker for distinguishing patients with sepsis from
those with noninfectious SIRS [105].

Clinical Assays in Sepsis: Prognaosis, Diagnosis, Outcomes, and the Genetic Basis of Sepsis
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Elevated biomarkers of endothelial dysfunction/activation at ICU @CmsMark
admission are associated with sepsis development

Alice G. Vassiliou®, Zafeiria Mastora ”, Stylianos E. Orfanos “*, Edison Jahaj ", Nikolaos A. Maniatis *,
Antonia Koutsoukou ¢, Apostolos Armaganidis , Anastasia Kotanidou *"
2 First Department of Critical Care Medicine & Pulmonary Services, GP Livanos and M Simou Laboratories, Medical School of Athens University, Evangelismos Hospital, Athens, Greece

P First Department of Critical Care Medicine & Pulmonary Services, Medical School of Athens University, Evangelismos Hospital, Athens, Greece
“Second Department of Critical Care, Medical School of Athens University, “Attikon’ Hospital, Athens, Greece

ARTICLE INFO ABSTRACT

Article history: Widespread endothelial activation and dysfunction often precede clinical sepsis. Several endothelium-
Received 26 February 2014 related molecules have been investigated as potential biomarkers for early diagnosis and/or prognosis
Received in revised form 2 June 2014 of sepsis, providing different results depending on study designs. Such factors include endothelial adhe-

Accepted 8 June 2014 sion molecules like E- and P-selectin, and the intercellular adhesion molecule-1, vascular endothelial cad-

herin, growth factors such as Angiopoietin-1 and -2 and vascular endothelial growth factor, as well as von
Willebrand factor antigen. We sought to investigate whether circulating biomarkers of endothelial acti-

ggfg’:ﬁfg vatipn[dysfuncti(‘)r‘l meagu‘cd fat ICU admission are associated with subsequent §eps%s d?velopmcnt.A

Sepsis Eighty-nine critically-ill patients admitted to a general ICU who met no sepsis criteria were studied.
Critically-ill Plasma or serum levels of the above-mentioned endothelium-derived molecules were measured during
Shedding the first 24 h post ICU; acute physiology and chronic health evaluation (APACHE) II and sequential organ
Prognostic failure assessment (SOFA) scores, age, sex, diagnostic category, and circulating procalcitonin (PCT) and C-

reactive protein (CRP) levels were additionally measured or recorded.

Forty-five patients subsequently became septic and 44 did not. Soluble (s) E- and P-selectin levels, circu-
lating PCT, SOFA score and diagnostic category were significantly different between the two groups. Multi-
ple logistic regression analysis associated elevated sE- and sP-selectin levels and SOFA with an increased
risk of developing sepsis, while multiple Cox regression analysis identified sE- and sP-selectin levels as
the only parameters related to sepsis appearance with time [RR = 1.026, 95%CI = 1.008-1.045, p = 0.005;
RR =1.005 (by 10 units), 95%CI = 1.000-1.010, p = 0.034, respectively]. When trauma patients were inde-
pendently analyzed, multiple Cox regression analysis revealed sE-selectin to be the only molecule
associated with sepsis development with time (RR = 1.041, 95%CI: 1.019-1.065; p <0.001).

In conclusion, inour cohort of initially non-septic critically-ill patients, high levels of the circulating endo-
thelial adhesion molecules E- and P-selectin, measured at ICU admission, appear to be associated with sep-
sis development in time.

© 2014 Elsevier Ltd. All rights reserved.



Table 1
Characteristics and circulating levels at ICU admission of endothelial adhesion molecules, growth factors and glycoproteins of the patients who developed sepsis (sepsis-positive)
versus those who did not (sepsis-negative).

Parameters Sepsis-positive patients Sepsis-negative patients p-Value
Number of patients (N) 45 44

APACHE II score 13.87 £5.30 11.44 £431 0.063
SOFA score 6.53+2.66 4.68+220 <0.002°
Age (years) 42 +19 50+20 0.056
Sex

Male 34 (54.8%) 28 (45.2%)

Female 11 (40.7%) 16 (59.3%) 0.221
Diagnosis

Medical 5 (27.8%) 13 (72.2%)

Surgical 11 (42.3%) 15 (57.7%)

Trauma 29 (64.4%) 16 (35.6%) 0.019°
ICU mortality 5 (11.11%) 1(2.27%) 0.203
Septic shock 13 (28.88%) N/A
ICU stay (days) 29.36 + 16.22 7.30+5.39
Sepsis day 5.62+2.92 N/A
Pa0,/FiO, (mmHg) 304.00 £121.40 285.20£136.28 0.455
White blood cell count (per pil) 12568.22 + 4831.53 10623.26 £3424.37 0.072
SIRS 36 (50.00%) 36 (50.00%) 1.000
PCT (ng/ml) 0.55(0.14-2.3) 0.215 (0.07-0.685) 0.015"
CRP (mg/dl) 4.80(2.20-13.10) 5.00 (1.50-10.00) 0.45
sE-selectin (ng/ml) 35.72 (25.19-46.88) 19.54 (12.30-27.32) p<0.001"
sP-selectin (ng/ml) 142.40 (99.68-188.48) 83.28 (49.00-117.72) p<0.001"
sICAM (ng/ml) 161.72 (126.38-186.55) 160.75 (104.09-250.23) 0.749
Ang-1 (ng/ml) 15.15 (0.00-37.23) 13.23 (0.00-26.24) 0.308
Ang-2 (ng/ml) 5.50(4.17-8.51) 5.43 (4.12-8.76) 0.815
sVE-cadherin (ng/ml) 1929.63 (1325.00-2620.37) 2293.52 (1630.09-2970.83) 0.074
VEGF (pg/ml) 82.00 (42.00-168.00) 97.50 (29.50-181.50) 0.679
vwF (mU/ml) 814.62 (662.83-1010.89) 832.35 (703.73-958.24) 0.812

Data are expressed as number of patients (N) and percentages of totals (%), except for age, duration of stay in ICU, sepsis day, PaO2/FiO», APACHE and SOFA scores, and white
blood cell count (mean + SD), sE-selectin, sP-selectin, sICAM, Ang-1, Ang-2, sVE-cadherin, VEGF, vwF, PCT, and CRP [median (Q1-Q3)]. The t-test was used, except from
diagnosis and sex (chi-square test), SIRS and mortality (Fisher's exact test) and sE-selectin, sP-selectin, sICAM, Ang-1, Ang-2, sVE-cadherin, VEGF, vwF, CRP, PCT (non-
parametric analysis — Mann Whitney test). APACHE Il and SOFA scores, circulating PCT, CRP, sE-selectin, sP-selectin, sICAM, Ang-1, Ang-2, sVE-cadherin, VEGF and vwrF levels
were estimated within the first 24 h post ICU admission. Sepsis day denotes the post-ICU admission day when sepsis developed. Ang = angiopoietin; APACHE = acute
physiology and chronic health evaluation; CRP =C-reactive protein; sICAM = soluble intercellular adhesion molecule 1; ICU = intensive care unit; PCT = procalcitonin;
SIRS = systemic inflammatory response syndrome; SOFA = sequential organ failure assessment; VEGF = vascular endothelial growth factor; vWF = von Willebrand factor.
© p-Value < 0.05.

A.G. Vassiliou et al. /Cytokine 69 (2014) 240-247



Table 3

Detection source (body fluid) and type of infectious microorganisms identified in the

patients who developed sepsis (sepsis-positive).

Parameters Sepsis-positive
patients
Detection source (Body fluid) (N)
Bronchial secretions 33 (73.33%)
Cerebrospinal fluid 2 (4.45%)
Blood 10 (22.22%)
Patients with Gram-negative infections 39 (86.67%)
Acinetobacter baumannii 24 (53.33%)
Klebsiella pneumoniae 7 (15.56%)
Enterobacter cloacae 1(2.22%)
Enterobacter aerogenes 1(2.22%)
Serratia marcescens 2 (4.45%)
Acinetobacter baumannii + Klebsiella pneumoniae 3 (6.67%)
Pseudomonas aureginosa + Serratia marcescens + Proteus 1 (2.22%)
mirabilis
Patients with Gram-positive infections (N) 6 (13.33%)
Staphylococcus species 6 (13.33%)

Data are expressed as number of patients (N) and percentages of totals (%).

CNS = central nervous system.

A.G. Vassiliou et al. /Cytokine 69 (2014) 240-247



Table 5
Cox regression models.

Parameters Relative risk  95% Cl p-Value
sE-selectin (ng/ml) 1.035 1.019-1.052 <0.001"
sP-selectin (ng/ml) (by 10 units) 1.085 1.036-1.136 0.001°
sICAM (ng/ml) (by 10 units) 0.989 0.958-1.020 0.485
Ang-1 (ng/ml) 1.004 0.991-1.018 0514
Ang-2 (ng/ml) 0.995 0.949-1043 0826
sVE-cadherin (ng/ml) (by 10 units) 0.998 0.994-1.002 0.294
VEGF (pg/ml) (by 10 units) 0.986 0.961-1.011 0.267
VWF (mU/ml) (by 10 units) 0.993 0.977-1.009 0404
PCT (ng/ml) 1.059 0.954-1.176 0.284
CRP (mg/dl) 1.006 0.965-1.048  0.789
Diagnosis
Trauma 1.000° - -
Surgical 0.725 0.362-1.454 0.366
Medical 0.424 0.164-1.095 0.076
Sex

Male 1.000° - -

Female 0.672 0.339-1.330 0.254
APACHE 11 score 1.054 0.993-1.119 0.086
SOFA score 1.130 1.003-1.272 0.044"
Age 0.987 0.971-1.004 0.125
Pa0-/Fi0; (mmHg) 1.001 0.998-1.003  0.603
White blood cell count (per ) 1.000 1.000-1.000 0.237
SIRS 0.923 0.445-1924 0.837

100 =
80

60
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Fig. 1. Receiver operating characteristic curve analysis. ROC curves were generated
to determine the prognostic accuracy of sE-selectin, sP-selectin, PCT and CRP; the
corresponding areas under the curve (AUC) and 95% confidence intervals (Cl) were
estimated at: 0.761 (0.659-0.845; p <0.0001), 0.789 (0.689-0.868; p <0.0001),
0.659 (0.551-0.757; p = 0.0065) and 0.539 (0.430-0.645; p = 0.5311), respectively.
Levels of all four molecules were estimated within the first 24 h post ICU in initially
non-septic patients. PCT = procalcitonin, CRP = C-reactive protein.

A.G. Vassiliou et al./Cytokine 69 (2014) 240-247
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2.3.4. Soluble platelet/endothelial cell adhesion molecule-1 (sSPECAM-1)

Platelet/endothelial cell adhesion molecule-1 (PECAM-1, CD31) is a 130-kDa cell adhesion
molecule that is expressed on the surfaces of leukocytes, such as monocytes, neutrophils, and
some T-cell subsets, as well as on platelets and the intercellular junctions of endothelial cells
[113]. Serum levels of SPECAM-1 have been demonstrated to be higher in septic patients com-

pared with nonseptic patients at admission and are also higher compared to healthy controls
[114, 115].

2.3.5. Endocan

Endocan is a proteoglycan expressed and secreted by the vascular endothelium in the lung
and kidney, in response to pro-inflammatory cytokines and pro-angiogenic factors, which
inhibits leukocyte migration [116]. The molecule is cleaved through the activity by cathepsin
G generating a novel endocan peptide fragment of 14 kDa, named p14, which exhibits higher
concentrations in septic patients compared to healthy volunteers [117]. Several studies have

shown that this glycoprotein can be used as a strong and significant predictor of sepsis sever-
ity and outcome [118-122].

Clinical Assays in Sepsis: Prognaosis, Diagnosis, Outcomes, and the Genetic Basis of Sepsis
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2.4.1. Soluble urokinase-type plasminogen activator receptor (suPAR)

The soluble urokinase-type plasminogen activator receptor (suPAR) was first identified in
1985 as a cellular binding site for urokinase [123]. Since then suPAR has been investigated
as a potential prognostic marker in the ICU. In critically ill patients, several studies have
reported elevated suPAR in SIRS, bacteremia, sepsis, and septic shock, in which high circu-

lating suPAR levels indicated a poor prognosis, including organ dysfunction and mortality
[124-127].

Systematic reviews have concluded, however, that the diagnostic value of suPAR in sepsis is
limited [128] and suPAR does not appear to be better in diagnosing sepsis compared to other
biomarkers, like CRP and PCT [129, 130]. Plasma suPAR levels are, however, a sensitive and
specific independent prognostic biomarker in patients with bacteremia. This plasma protein
may be used to identify patients who are severely ill with pneumococcal bacteremia, and
predict mortality [131-133].

Clinical Assays in Sepsis: Prognaosis, Diagnosis, Outcomes, and the Genetic Basis of Sepsis
http://dx.doi.org/10.5772/67985
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Risk assessment in sepsis: a new prognostication
rule by APACHE Il score and serum soluble
urokinase plasminogen activator receptor

Evangelos J Giamarellos-Bourboulis'", Anna Norrby-Teglund?, Vassiliki Mylona®, Athina Sawva', Iraklis Tsangaris®,
loanna Dimopoulou®, Maria Mouktaroudi', Maria Raftogiannis', Marianna Georgitsi’, Anna Linnér?,

George Adamis®, Anastasia Antonopoulou"", Efterpi ApostolidouG, Michael Chrisofos’, Chrisostomos Katsenos®,
loannis Koutelidakis®, Katerina Kotzampassi'®, George Koratzanis®, Marina Koupetori'', loannis Kritselis'?,

Korina Lymberopoulou?, Konstantinos Mandragos®, Androniki Marioli®, Jonas Sundén-Cullberg?, Anna Mega'?,
Athanassios Prekates', Christina Routsi'®, Charalambos Gogos'®, Carl-Johan Treutiger?, Apostolos Armaganidis*
and George Dimopoulos*

Abstract

Introduction: Early risk assessment is the mainstay of management of patients with sepsis. APACHE Il is the gold
standard prognostic stratification system. A prediction rule that aimed to improve prognostication by APACHE I
with the application of serum suPAR (soluble urokinase plasminogen activator receptor) is developed.

Methods: A prospective study cohort enrolled 1914 patients with sepsis including 62.2% with sepsis and 37.8%
with severe sepsis/septic shock. Serum suPAR was measured in samples drawn after diagnosis by an enzyme-
immunoabsorbent assay; in 367 patients sequential measurements were performed. After ROC analysis and
multivariate logistic regression analysis a prediction rule for risk was developed. The rule was validated in a double-
blind fashion by an independent confirmation cohort of 196 sepsis patients, predominantly severe sepsis/septic
shock patients, from Sweden.

Results: Serum suPAR remained stable within survivors and non-survivors for 10 days. Regression analysis showed
that APACHE Il 217 and suPAR =12 ng/ml were independently associated with unfavorable outcome. Four strata of
risk were identified: i) APACHE Il <17 and suPAR <12 ng/ml with mortality 5.5%; ii) APACHE Il < 17 and suPAR =12
ng/ml with mortality 17.4%; iii) APACHE Il = 17 and suPAR <12 ng/ml with mortality 37.4%; and iv) APACHE Il 217
and suPAR =12 ng/ml with mortality 51.7%. This prediction rule was confirmed by the Swedish cohort.

Conclusions: A novel prediction rule with four levels of risk in sepsis based on APACHE Il score and serum suPAR
is proposed. Prognostication by this rule is confirmed by an independent cohort.
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2.4.3. Soluble endothelial protein C receptor (sEPCR)

The protein C (PC) anticoagulant system provides important control of both blood coagu-
lation and inflammatory pathways [144]. This system also involves protein S (PS), and the
endothelial receptors thrombomodulin (TM) and endothelial protein C receptor (EPCR).
Conversion of PC to activated PC (APC) is generated by TM-bound thrombin and is dras-
tically augmented by the presence of EPCR [145]. The presence of a soluble form of EPCR
(sEPCR) that exists under normal conditions and which is elevated in conditions marked by
enhanced inflammation [146], supports the notion of EPCR shedding. While the role of mem-
brane EPCR is clearly antithrombotic and anti-intlammatory, the physiological signiticance of
circulating sSEPCR in vivo is as yet not fully understood and it is still unknown whether soluble
EPCR levels may have a predictive value in the appearance of sepsis.

In previous studies, sEPCR levels in septic patients were found to be significantly higher
[146, 147], unchanged [148], or even lower [149] than in healthy volunteers. A study by
Kager et al. [150] showed that increased plasma sEPCR levels correlate with accelerated
mortality in patients with melioidosis, while overexpression of EPCR in transgenic animals
aggravates outcome during Gram-negative pneumonia-derived sepsis. In another recent
report, early kinetics of SEPCR levels in severe sepsis was correlated with outcome [151],
by a proposed mechanism of counteracting the anticoagulant action of membrane EPCR.
The authors suggested that sEPCR could provide an early biological marker of outcome in
severe sepsis. Vassiliou ef al. [152] showed that levels of soluble EPCR at ICU admission are

higher in originally nonseptic patients who subsequently become septic compared to those

who will not. Clinical Assays in Sepsis: Prognaosis, Diagnosis, Outcomes, and the Genetic Basis of Sepsis
http://dx.doi.org/10.5772/67985



Elevated soluble endothelial protein C
receptor levels at ICU admission are
associated with sepsis development
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School of Athens University, Evangelismos Hospital, Athens, Greece;2First Department of Critical Care Medicine and
Pulmonary Services, Medical School of Athens University, Evangelismos Hospital, Athens, Greece;3Second Department
of Critical Care, Medical School of Athens University, “Attikon” Hospital, Haidari Achens, Greece.

ABSTRACT

Background. The endothelial protein C receptor (EPCR) is a protein that regulates the protein C anticoagulant and
anti-inflammatory pathways. A soluble form of EPCR (sEPCR) circulates in plasma and inhibits activated protein
C (APC) activities. The clinical impact of sEPCR and its involvement in the septic process is under investigation. In
this study, we assessed the role of sEPCR levels as an early indicator of sepsis development.

Methods. Plasma sEPCR levels were measured in 59 critically-ill non-septic patients at the time of admission to the
intensive care unit (ICU). Multiple logistic regression analysis was performed to identify potential risk factors for
sepsis development and Cox-Regression models were fitted for variables to examine their relationship with time to
sepsis development.

Results. Thirty patients subsequently developed sepsis and 29 did not. At ICU admission, sequential organ failure
assessment (SOFA) scores were significantly higher in the subsequent sepsis group as compared to the non sepsis
group (mean + SD: 6.4+2.7 and 5+2.3, respectively, P=0.037). sEPCR levels were also higher in the patients who
subsequently developed sepsis compared to the patients who did not (median and interquartile range: 173.4 [104.5-
223.5] ng/mL vs. 98.3 [69.8-147.7] ng/mL, respectively; P=0.004). Cox regression analysis identified sEPCR as the
only parameter related to sepsis development with time (relative risk: 1.078, 95% confidence interval: 1.016-1.144,
by 10 units; P=0.013).

Conclusion. Upon ICU admission, sEPCR levels in initially non-septic critically-ill patients appear elevated in the
subjects who will subsequently become septic. (Minerva Anestesiol 2015;81:125-34)

Key words: Sepsis - Critical illness - Prognosis.
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Figure 2.—Probability for sepsis development based on ICU admission (within the first 24 hours) sEPCR levels. The patient
cohort was dichotomized above and below the soluble endothelial protein C receptor (sSEPCR) median value. Dashed line: 2139.5
ng/mL; solid line: <139.5 ng/mL. The Kaplan-Meier method was used for sepsis absence probability estimation and the log-rank
test for two groups comparison. The respective median time to sepsis for the two groups was 13 days (95% CI: 8.29-17.71) for the

low sEPCR group and 5 days (95% CI: 4.16-5.84) for the high sEPCR group (Log-Rank test, P=0.028).
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Inhaled activated protein C attenuates lung injury induced by
aerosolized endotoxin in mice
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Abstract

The serine protease activated protein C (APC) possesses prominent anticoagulant and anti-inflammatory actions. In this study, we investigated
the effect of inhaled recombinant human (rh) APC in a murine lung injury model. Animals inhaled 10 mg of Pseudomonas lipopolysaccharide
(LPS) in 3 mL normal saline (NS); 30 min prior to LPS, mice were pretreated with inhaled rhAPC (4 mg/3 mL NS; APC +LPS group) or NS (LPS
group). A control animal group inhaled vehicle (NS) twice. 24 h later, total cells and cell-types, protein content, and the cytokines tumor necrosis
factor-a, interleukin (IL)-6, macrophage inflammatory protein-1a, and mouse keratinocyte-derived chemokine (a homolog of human IL-8) were
estimated in bronchoalveolar lavage fluid (BALF). Lung pathology given as total histology score (THS), wet/dry lung weight ratios, and lung
vascular cell adhesion molecule (VCAM)-1 expression were additionally assessed. rhAPC inhalation attenuated the aerosolized LPS-induced
increases of: total cells, neutrophils and macrophages in BALF, lung tissue VCAM-1 protein levels, and THS. Total protein levels and cytokines in
BALF, and wet/dry weight ratios were increased in the LPS group, but thAPC pretreatment did not significantly alter the LPS-induced responses.
In conclusion, in this murine septic model of lung injury, inhaled rhAPC appears to attenuate lung inflammation, without reversing the observed
increases in lung permeability and BALF cytokines. This effect may be associated with leukocyte trafficking modifications, related, at least in part,
to VCAM-1 reduction.
© 2006 Elsevier Inc. All rights reserved.
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Fig. 1. Total cell and neutrophil counts (top), along with lymphocyte and
macrophage counts (bottom) in bronchoalveolar lavage fluid (BALF) from
control animals (Control, n=8) and animals treated with either endotoxin (LPS;
n=14), or recombinant human activated protein C plus endotoxin (4PC+LPS;
n=14). Data are means+SEM. *: p<0.05 by ANOVA and Newman—Keuls
test from the control group;”: p<0.05 by ANOVA and Newman—Keuls test from
the LPS group.



TISSUE LIVER

INFLAMMATORY
SIGNAL

4 SuPAR

Tie2

Lactate

E-selectin
P-selectin
ICAM-1
PECAM-1
Endocan
uPAR
TREM-1
EPCR

cD14

<{E~v<|CEFI<

TLR

Clinical Assays in Sepsis: Prognosis, Diagnosis, Outcomes, and the Genetic Basis of Sepsis
http://dx.doi.org/10.5772/67985



Table 1 lists the role of major circulating biomarkers and genetic polymorphisms in the prog-

nosis and diagnosis of sepsis.

Biomarker Diagnostic significance

Prognostic significance

C-reactive protein (CRP) - Discriminates bacterial and viral
infections [14]

- Measurement of CRP is an indicator
of sepsis [15-19]

Procalcitonin (PCT) - PCT is important in the detection and
differential diagnosis of inflammatory
states [26]. The highest levels of PCT
are achieved in acute bacterial
infections and sepsis

- PCT is a good biological diagnostic
marker for sepsis, severe sepsis, or
septic shock [34]

- PCT is a helpful biomarker for early
diagnosis of sepsis in critically ill
patients [36]

- Serial PCT concentrations may have
value in monitoring sepsis outcomes
[28,29]

Tumor necrosis factor-a (TNF-a) - Levels of TNF-a are frequently
increased in sepsis [49, 56]

Interleukin-1f (IL-1p) - Levels of IL-1f3 are frequently
increased in sepsis [56]

Interleukin-6 (IL-6) - Levels of IL-6 are frequently increased
in sepsis [50, 54, 56]

- IL-6 levels are increased in patients
with infectious complications and have
been used to differentiate systemic
inflammatory response syndrome
(SIRS) from sepsis 58]

- CRP is a valuable marker for the
disease severity [15, 20]

- Elevated concentrations of serum
CRP on admission have been
associated with increased risk of
organ failure and mortality [21, 22]

- PCT nonclearance is a prognostic
factor of death in patients with sepsis
133]

- Significant difference between PCT
levels as early as day 1 between
survivors and nonsurvivors among
septic patients [37]

- High concentrations of TNF-«

are predictive of organ failure and
increased mortality in septic patients
[55]

- High concentrations of IL-6 are
predictive of organ failure and
increased mortality in septic patients
[57,59]

Clinical Assays in Sepsis: Prognaosis, Diagnosis, Outcomes, and the Genetic Basis of Sepsis
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Biomarker

Diagnostic significance

Prognostic significance

Interleukin-8 (IL-8)

Interleukin-27 (IL-27)

Interleukin-10 (IL-10)

Angiopoietin-1 (Ang-1)

Angiopoietin-2 (Ang-2)

Selectins

Soluble in tercellular adhesion
molecule-1 (sICAM-1)

Soluble platelet/fendothelial cell
adhesion molecule-1 (sPECAM-1)

Endocan

- Levels of IL-8 are frequently increased
in sepsis [50, 56]

- Useful biomarker in estimating risk
of bacterial infection among critically
ill pediatric and adult patients [67-70]

- In combination with PCT, IL-27 may
improve classification of critically ill
adults with se; [68, 71]

- Decreased levels in critically ill septic
or nonseptic patients compared to
healthy controls [94]

- Ang-2 levels are higher in patients
with severe sepsis compared to patients
with or without SIRS or sepsis [89-91]

- Soluble E-selectin concentration
increases in various inflammatory
pathologies [99-102]

-5 ICAM-1 production has been shown
to be related to increased sepsis severity
[102, 111]

- sICAM-1 appears to be a reliable
biomarker for classifying patients with
infectious SIRS, i.e., sepsis, from those
with noninfectious SIRS [103]

- sSPECAM-1 is higher at admission in

septic patients compared with nonseptic

patients and healthy controls [114, 115]
- Exhibits higher concentrations in
septic patients compared to healthy
volunteers [117]

- IL-8 has been used to predict

the severity of sepsis in pediatric
patients, although the use of IL-8 has
not been confirmed in adults [60, 61]

- Poor patient outcome has been
associated with increased blood
levels of the anti-inflammatory
cytokine TL-10 [74]

- Decreased levels of Ang-1 at ICU
admission are correlated with higher
mortality [97]

- Increased Ang-2 plasma levels have
been associated with worst clinical
outcome in patients with major trauma
and severe sepsis or shock [92-94]

- Increased Ang-2 plasma in
nonsurvivors compared to survivors
195, 96]

- Higher sE-selectin levels in
nonsurvivors than survivors [103,
104]

- sE-selectin levels may be used as
predictor of fatal outcome in patients
with SIRS [105]

- sE-selectin has also been proposed
as a predictor of bacteremia in severe
sepsis patients [106]

High levels of sE- and sP-selectin at
ICU admission, are associated with
sepsis development in time [109]

- sICAM-1 concentration has been
shown to be related to increased
mortality [111, 112]

- A strong and significant predictor
of sepsis severity and outcome

[118-122)
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Biomarker

Diagnostic significance

Prognostic significance

Soluble urokinase-type
plasminogen activator receptor
(suPAR})

Soluble triggering receptor
expressed on myeloid cells-1
(STREM-1)

Soluble endothelial protein C
receptor (sEPCR)

Presepsin

Lactate

- Elevated sulPAR in conditions of SIRS,
bacteremia, sepsis, and septic shock
[124-127]

- Diagnostic value of suPAR for
identifying sepsis is limited [128]

- Moderate diagnostic performance in
differentiating sepsis from SIRS [140]

- STREM-1 represents a reliable biological
marker of bacterial infection [143]

- sSEPCR levels in septic patients have
been found to be significantly higher
[146, 147], unchanged [148], or lower
[149] than in healthy volunteers

- Discriminates between bacterial and
nonbacterial infections [155]

- Early diagnosis of infection in a
population of patients with SIRS, seps
severe sepsis, and septic shock [153]

- In patients with suspected severe
sepsis and septic shock, presepsin
reveals valuable diagnostic capacity to
differentiate sepsis severity [156]

- Presepsin can differentiate between
septic and nonseptic patients with
comparable accuracy to CRI” and PCT
[161, 162]

- Elevated serum lactate levels in
sepsis [177, 178]

- Early serum lactate levels can
diagnose sepsis in undifferentiated
patients with suspected sepsis [176, 179]

- High circulating suPAR levels
indicate an unfavorable prognosis,
including organ dysfunction and

mortality [124-127]

- In patients with bacteremia, suPAR
may be used to identify severely ill
patients and predict mortality [131, 133]

- Moderate prognostic significance in
assessing the mortality of infection in
adult patients and sTREM-1 alone is
insufficient to predict mortality as a
biomarker [142]

- sEPCR levels correlated with worst
outcomes; has been suggested that
it may act as a biological marker of
outcome in severe sepsis [150-152]

- Levels of sEPCR at ICU admission
are higher in originally nonseptic
patients who subsequently become
septic compared to those who will
not [152]

- Initial valu
correlated w

ignificantly
-hospital mortality
of patients affected by sepsis, severe
sepsis, or septic shock [156]

h

- Presepsin reveals prognostic value
with respect to 30 days and 6 months
all-cause mortality throughout the
first week of ICU treatment [153]

- Presepsin measured on the first

day in ICU in patients with severe
sepsis or septic shock was higher in
nonsurvivors compared to survivors
[157]

- Elevated serum lactate levels are
associated with poor outcomes in
diverse populations of critically ill
patients, such as multiple organ failure,
morbidity, and mortality [172-175]

- Serum lactate is a potentially useful
biomarker to risk-stratify patients
with severe sepsis presenting to the
emergency department [170, 174, 175]
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Figure 1. Receiver operating characteristic (ROC) curve analysis. ROC
curves were generated to determine the prognostic accuracy of either
lactate alone or lactate combined with sE- and/or sP-selectin; the
corresponding areas under the curve (AUC) and 95% confidence
intervals (CI) were estimated as follows: lactate at 0.677 (0.566-0.788,
p= 0.0018; open diamond); lactate+sE-selectin at 0.795 (0.704-0.886,
p<0.001; open circle), lactate+sP-selectin at 0.823 (0.737-0.909,
p<0.001; open triangle) and lactate+sE-selectin+sP-selectin at (0.854
(0.775-0.932, p<0.001; open box). Levels of all molecules were
estimated on the day of ICU admission in initially non-septic patients.



Genetic polymorphisms - Distinguish patients with sepsis - Predict long-term outcomes and
from patients with sterile inflammation  identify patients who will be at
risk for developing adverse clinical
outcomes

Toll-like receptors (TLRs) -D299G allele of TLR4 gene
associated with increased
susceptibility to severe bacterial
infections and Gram-negative sepsis
[192, 193]

-8 - The 251A/T allele has been
associated with survival [194],
protection against sepsis [195], and
also increased risk of sepsis [196]

- The heterozygote AT genotype has
been associated with increased risk
of developing sepsis [197]

-Male T allele carriers are more
susceptible to sepsis [198]

TNF-a - G-to-A polymorphism associated - G-to-A polymorphism associated
with sepsis [201] with adverse outcomes in patients
with severe sepsis and septic shock
[199, 200]
- No association of G-to-A - G-to-A polymorphism not
polymorphism and development of associated with sepsis mortality [201]

sepsis [202, 203]

1L-6 - 174 G/C polymorphism showed - 174 G/C polymorphism was
modest association with neonatal sepsis  associated with improved survival
[209] rates in patients with sepsis [207]

- 174 G/C polymorphism was not
associated with a difference in

survival [208]

Angiotensin-converting enzyme - Insertion/deletion (1/D)

(ACE) polymorphism does not have an
effect on the incidence or outcome of
sepsis in ventilated low birth infants

(210, 211]

- Carriers of the T allele at increased
sepsis risk [212-214]

- I polymorphism not associated
with outcome in critically ill septic
patients [214-216]

- The presence of the D allele is Clinical Assays in Sepsis: Prognosis, Diagnosis, Qutcomes, and the Genetic Basis of Sepsis

associated with ARDS in patients http://dx.doi.org/10.5772/67985
with severe sepsis [217]
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Biomarker

Diagnostic significance

Prognostic significance

Endothelial protein C receptor

(EPCR)

- The rare 23-bp insertion is significantly
more common among patients with
severe sepsis [218]

- Influences the risk of severe sepsis

in children and adults [218, 219]

- Simultaneous carriers of minor
alleles belonging to both the H1 and
H3 haplotypes may be at reduced
risk of developing severe sepsis and/
or septic shock among critically ill
patients [219]
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Circulating endothelial cells (CECs) are markers of
endothelial damage that can be easily enumerated in
peripheral blood using standardized methodology [15,
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Summary Points

« Early treatment of sepsis is associated with improved outcomes so that rapid diagnosis is
important.

« The diagnosis of sepsis in critically ill patients is challenging, because it can be compli-
cated by the presence of inflammation as a result of other underlying disease processes
and prior use of antibiotics making cultures negative.

o Culture-dependent diagnosis of infection is slow, and biomarkers may provide a more
rapid means of ruling in or out infection.

 Given the complexities of the sepsis response, no one biomarker will be sufficient to
diagnose sepsis. Combinations of biomarkers are needed, and new technology is helping
to speed the development of such panels.

« However, such tools cannot be used alone, and they must be seen as complementary to a
careful clinical assessment and other laboratory signs.

PLOS Medicine | DOI:10.1371journal.pmed.1002022 May 17,2016



In Conclusion

 Sepsis is the result of a generalized not controlled inflammatory
process

* Sepsis is still a major universal problem with severe health and
economical implications

 Sepsis in the lung is associated with a spectrum of less to very severe
pathologies - pneumonia AND ARDS)

* Treatment modalities focusing on the inflammatory pathways may
change the disease course to the patients’ benefit



