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ABSTRACT

Sepsis remains a major reason behind morbidity and mortality among all age groups. The
ability to promptly and accurately diagnose sepsis with supported clinical evaluation and
laboratory blood tests remain challenging. Recent advances in molecular technologies have
increased investigations into the utility as diagnostic tools for sepsis. A systems-level
understanding of sepsis, obtained by using new technologies may cause new diagnostic tools for
sepsis. Despite the emerging need, future studies need to address the challenges of integrating
with laboratory and clinical data so as to translate outcomes into precision medicine for sepsis.
More research is required to validate the recent findings so as to integrate clinical and laboratory
findings for future translation into precision medicine for sepsis. This mini review will discuss the
possible applications and identification of recent biomarkers and diagnostic signatures for sepsis.
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INTRODUCTION

Sepsis is synonymously referred to as
septicemia or systemic inflammatory response
syndrome (SARS). Sepsis is characterized by a
deregulated response to microbial infection and
life-threatening organ dysfunction regularly
complication in hospitalized patients™. Sepsis
may possibly be a systemic inflammatory
response syndrome that contains a proven or
suspected microbial etiology . Sepsis occurs
when  chemicals released  within  the
bloodstream to fight an infection triggered
inflammation throughout the body. This might
cause a cascade of changes that damage
multiple organ systems, leading them to fail,
severity sometimes leading to death [,

Symptoms include fever, dyspnea,

hypotension,  tachycardia  disarray &
muddiness. Sepsis is most ordinarily found in
people who have chronic conditions, like
diabetes, kidney or lung disease, or cancer,
several co morbidities and who infected with
SARS, Corona virus disease (COVID-19)&
Influenza like infection(IL1)[*. Early diagnosis
of sepsis is required critically to avoid
unnecessary usage of antimicrobial agents and
for proper antibiotic treatment through the
screening by using biomarkers . Sepsis
biomarkers can have important diagnostic,
therapeutic, and prognostic functions. A recent

review detailed nearly 180 biomarkers that are
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evaluated including IL-6, IL-8, lactate, C-
Reactive Protein (C-RP) soluble triggering
receptor cells-1
(sTREM-1),

Scd14-subtypes (persepsin) ©.The studies of

expressed on myeloid

and procalcitonin (PCT) and

those biomarkers on sepsis concerning the
diagnosis, assessment, antibiotic treatment and
prognosis have attracted extensive attention
from researcherst”? . This mini review presents
the gist of sepsis biomarkers being used at

present and may be used in the future.
SEPSIS BIOMARKERS

Sepsis is defined as systemic inflammatory
response syndrome (SIRS) caused by infection
819 However, infections is difficult to
substantiate. Fever, tachycardia, hypotension,
and other sign abnormalities founding SIRS
don't seem to be specific for infection and
overlap  with  noninfectious  etiologies
presenting with systemic inflammation. There
is not any gold standard for diagnosing
infection, and though blood cultures processed
with standard microbiologic techniques are a
frequent diagnostic step, their likelihood of
returning with the pathogen of interest depends
on a variety of things, including prior antibiotic

therapy 12

. There are many attempts to
strengthen clinical higher cognitive operation
with diagnostic tests to increase sensitivity and

specificity when diagnosing and treating sepsis
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and bacteremia. Initial studies employed fever
and leukocytosis to define sepsis ¥, though
these tests were nonspecific. Subsequent
studies focused on erythrocyte rate (ESR) and
C-reactive protein (CRP) to help within the
diagnostic algorithm but suffered from the
identical lack of specificity. PCT has been the
foremost studied and felt to hold the foremost
promise. Sepsis biomarkers may provide
information beyond what's available using
other metrics and can therefore help to tell
clinical decision-making and potentially
improve patient management. Many potential
sepsis biomarkers are proposed, procalcitonin
(PCT) and CRP (CRP) being the foremost

frequently used.
THE PRESENT SEPSIS BIOMARKERS:
C- REACTIVE PROTEIN (CRP)

CRP is an acute-phase reactant that consists of
five 23-kDa subunits and its hepatic synthesis
starts rapidly after a stimulus with rise.
Elevated CRP levels in sepsis are correlated
with increased risk of death and organ failure
[ but partly thanks to the persistence of
elevated levels, were unable to predict survival
when evaluating CRP trends ™ ®1. CRP has
been used successfully during initial sepsis
diagnosis, but its specificity is further reduced
later within the course thanks to persistently

elevated levels 1. CRP has been found to be

Intl. J. Clin. Diag. Res. 2020;8(5):11

significantly elevated in sepsis thanks to gram
negative infections compared with gram

positive infections suggesting a special
immune modulatory response 8. Even PCT
changes occur a little late but CRP and LDH
are the first to rise. Clinically these three are

dangerous.
PROCALCITONIN (PCT)

Procalcitonin could be a 116 amino alkanoic
acid polypeptide precursor for the hormone
calcitonin. Procalcitonin ~ offers  favorable
kinetics for a biomarker: rising before two
hours ¥ reliably detectable between 2 and 4
hours, peaking at 6 hours, and maintaining a
plateau through 8and 24 hours % PCT is
released from many cell types distributed
throughout the body ™! and is induced by
interleukin-14, tissue necrosis factor (TNF)-a,
IL-6, and lipopoly saccharides and can be
attenuated by interferon-y that is elevated
during viral infections ®?. These and other
observations have led to the extensive
evaluation of PCT as a marker of sepsis and
blood stream infection. There are several meta-
analyses evaluating PCT as a diagnostic marker
in sepsis [ 2% \While the sooner meta-
analyses had conflicting results and were
limited by populations studied and sepsis
definitions. PCT best predicted septicemia

compared with IL-6 and CRP with 73%
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sensitivity and 70% specificity for bacteremia
with acute off of 0.5ng/mL. Thanks to its
ability to assist differentiate between viral and
bacterial infections, PCT has been evaluated
for its ability to guide decisions for appropriate

antibiotic therapy.!”!

PERSEPSIN

Presepsin is another name for the sCD14
subtype (sCD14-ST), may be a greenhorn
biomarker related to sepsis. Soluble CD14
subtype is one fragment of CD14 soluble that's
a molecular fragment produced by plasma
protease activity during the inflammatory
process 28], Presepsin is present within the cell
membranes of macrophages, monocytes and
granulocyte cells and said to play a task for the
intracellular transduction of endotoxin signals
(291 presepsin has close relation with infection
and is found to extend significantly in sepsis.
compared to PCT, presepsin showed similar
diagnostic accuracy for sepsis with sensitivity
0.78 However, there are some superiority of
presepsin over PCT. Presepsin raised earlier
within the event of infection therefore are
visiting be utilized in earlier and faster in

sepsis.

Intl. J. Clin. Diag. Res. 2020;8(5):11

THE FUTURE SEPSIS BIOMARKERS:

TRIGGERING RECEPTOR EXPRESSED
ON MYELOID CELLS-1 (TREM-1)

Triggering receptor expressed on myeloid cells
(TREM) 1 could be a cell surface molecule
implicated within the propagation of the
inflammatory
TREM-1

response. Engagement  of

induces  the  assembly  of
inflammatory chemokines and cytokines, like
interleukin (IL) 8 and tumor necrosis factor
(TNF) a. Triggering receptor expressed on
myeloid cells-1 (TREM-1) was reported to be
up regulated in various inflammatory diseases
similarly as in sepsis; TREM-1 expression is
expounded to elevations in soluble TREM-1
(STREM-1). Expression of TREM-1 is elevated
in vitro within the presence of bacteria or fungi
still as peritoneal fluid and tissue from infected
patients B%*¥ put remains at normal levels in
non-infectious inflammatory conditions and

may be a therapeutic target for sepsis 2.

Some studies have shownsTREM-1to be
superior to CRP and PCT ¥ put other studies
STREM1 has

discriminatory power compared with routinely
[34]

have shown that poor

available parameters A recent meta-
analysis found that the sensitivity of STREM-1
for the diagnosis of bacterial infection was
82% which the specificity was 86% . While
IL-6 and IL-8 levels are shown to be elevated
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in sepsis and associated with severity and
outcome®® they have not been found to be
superior to PCT as biomarkers B 3! These
cytokines are found to be elevated in
neutropenic fever ®°! and neonatal sepsis “°!
but are less useful within the adult population
U Interleukin27 (IL-27) presented the highest
predictive group
findings by

identical
their

power. The
subsequently validated
measuring serum levels of IL-27 in a very
IL-27

concentrations were significantly higher in

separate study and located serum

patients with sepsis compared with non
infected patients yielding 92% specificity and
91% PPV for bacterial infection in critically ill

children.
PRO ADRENOMEDULLIN (ADM)

In recent years, the interest of the scientific
community has focused on adrenomedullin
(ADM), a peptide that's produced by heart,
medulla, lungs, Kkidneys, and vascular
endothelium during physiological stress. ADM
was initially studied for its vasodilating
properties.

inflammatory cytokines, like TNF-a and IL-1p,

Lipopolysaccharides and pro-
rapidly promote ADM production through
increased ADM natural phenomenon in several
tissues 2. The discharge of ADM into the
bloodstream the vascular

regulates tone,

guaranteeing adequate organ perfusion; it also

Intl. J. Clin. Diag. Res. 2020;8(5):11

results in potent pore-mediated antibacterial
activity and in immune modulation through the
induction of apoptosis. At the short arm of
human chromosome 11 (p11.1-3) ADM gene
is found and it consists of three introns and
four exons. The mRNA encodes the knowledge
for the synthesis of a pre pro hormone of 185
aminoacids, called pre pro adrenomedullin,
which is subsequently degraded into a 164-
aminoacid-peptide, called pro adrenomedullin
(ProADM), through cleavage of the signal
peptide [43]. ProADM is utterly cleaved by an
endogenous peptidase, peptidyl hydroxyglycine
a-amidating lyase, into four different peptides:
ADM, the amino terminal peptide of ProADM
(PAMP), adrenotensin, and mid regional pro
adreno medullin (MR-ProADM) ¥4 ProADM

and ADM are secreted in equimolar amounts

during this post-translational
modulation. However, ADM is rapidly
metabolized and eliminated from the

bloodstream, which makes its levels hardly
measurable. ProADM displays higher stability
in circulation and it's easily detectable. within
the adult population, it has been documented
that ADM and ProADM levels rapidly rise in
sepsis and high bacterial infections, that they
are related to the severity of the disease, which
they accurately predict the possibility of organ
failure and mortality. Despite that literature

being rich of studies on ProADM within the
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adult population, data on its performance

within the paediatric setting are limited.

SOLUBLE UROKINASE- TYPE
PLASMINOGEN ACTIVATOR
RECEPTOR (SUPAR)

Recently, the soluble style of the urokinase-
type proteolytic enzyme receptor (SUPAR) has
attracted scientific interest because it seems to
discriminate better than other biomarkers
among patients with different severities of
illness °. The urokinase-type urokinase (UPA)
system consists of a protease, a receptor

(UPAR) and inhibitors. suPAR takes part in

various immunological functions, including
cell ~ adhesion,  migration,  chemotaxis,
proteolysis,  immune  activation,  tissue

remodeling, invasion and signal transduction
461 As early as 1995, elevated plasma suPAR
levels were reported in an exceedingly small
group of septic medical care unit (ICU)
471, SUPAR

expression is increased on peripheral blood

patients During endotoxemia,
mononuclear cells ¥ as on monocytes and
granulocytes “). However, although suPAR
serum concentrations were increased after
administration of high-dose endotoxin, low-
dose endotoxin failed to significantly increase

plasma SUPAR levels in vivo !

Intl. J. Clin. Diag. Res. 2020;8(5):11

MONOCYTE CHEMO-ATTRACTANT
PROTEIN 1 (MCP-1)

To date, all of the cytokines investigated as
prognostic biomarkers for sepsis have lacked
sufficient specificity or sensitivity to be
routinely employed in clinical practice. Severe
trauma can induce exacerbation of systemic
inflammation, which regularly progresses to
sepsis resulting in a lethal outcome. MCP-1
plays a key pathogenic role within the

pathogenesis mechanisms of leading sepsis.

ACUTE PHYSIOLOGY AND CHRONIC
HEALTH EVALUATION (APACHE)

One marker employed in the ICU is that the
Acute Physiology Health
Evaluation (APACHE) Il score, which has
been shown to be associated with clinical

and Chronic

outcomes in various critically ill patient

cohorts. The mainstay within the proper
management of sepsis is early recognition of
the patient at high risk for death. This is often
traditionally supported the appliance of
severity scores and serum biomarkers. The
foremost widely applied score is that of the
Acute Physiology Health

Evaluation 11 (APACHE I1I).

and Chronic
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NEUTROPHIL GELATINASE-
ASSOCIATED LIPOCALIN (NAGL)

Neutrophil  gelatinase-associated  lipocalin
(NGAL) is released from kidney tubular cells
under stress moreover as from neutrophils
during inflammation. It’s been suggested as a
biomarker for acute kidney injury (AKI) in
critically ill patients with sepsis to gauge
clinical usefulness of urine NGAL (UNGAL). It
increases rapidly in serum and urine not only in
conjunction with renal tubular injury, but also
in bacterial infections, non-infectious systemic
inflammatory response syndrome, and chronic
bacterial

and  systemic diseases  without

infection 1

MACROPHAGE MIGRATION
INHIBITORY FACTOR (MIF)

Macrophage migration inhibitory factor (MIF)
may be a pleiotropic inflammatory mediator
that's considered the primary cytokine activity
to be reported P#**. MIF is structurally unique;
its monomeric relative molecular mass is 12.5
kDa, with two anti-parallel alpha-helices and 6
beta pleated sheets forming an extended
secondary structure of the
molecule. Biophysical studies indicate that in
its active form, MIF may be a homo trimeric
molecule with topologic homology to only 1
other mammalian proteins, the enzyme D-
MIF

dopachrome-tautomerase ~ ™°. Plasma

Intl. J. Clin. Diag. Res. 2020;8(5):11

concentrations is elevated to extremely high
levels in several inflammatory disorders. The
primary indications that MIF could be involved
in systemic infection and in sepsis, and might
function as biomarker. The present and future

biomarkers for sepsis are shown in Table 1.

Tablel: BIOMARKERS OF SEPSIS

Procalcitonin (PCT)
The present

Sepsis C- Reactive Protein(C-RP)
Biomarkers :
Persepsin
Triggering  receptor expressed
myeloid cells-1 (TREM-1)
Interleukin27 (IL-27)
Pro Adrenomedullin (ADM)
Soluble —Urokinase- type Plasminogen
activator receptor (SUPAR)
The future
Sepsis Monocyte  chemoattractant  protein
Biomarkers | {(MCP-1)

Evaluation (APACHE)

Acute Physiology And Chronic Health

Neutrophil
lipocalin (NAGL)

gelatinase-associated

Macrophage
Factor (MIF)

Migration
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CONCLUSION:

In the last few years, the increased number of
high-risk patients because the selection and
propagation of multidrug-resistant organisms
has raised within  the

new challenges

management of sepsis. Advancing age
increases the prevalence of frail patients with
chronic conditions linked to increased risk of
sepsis, which sometimes are often severe and
difficult to diagnose. Beside many, extensive
researches are done to spot biomarkers useful
for  diagnosis, definition of  severity,
management, and follow-up of sepsis. To date,
although with some limitations, the foremost
validated and clinically informative biomarker
is PCT, preferably employed in combination
with C-reactive protein. These molecules
provide useful information for diagnosis and
prognosis in several clinical conditions,
including patients with mild disease (probable
or possible sepsis) still as those with severe
sepsis or septic shock. Many other biomarkers
are being investigated and tested in clinical
studies. In future many other molecular level
investigations can be done using different
biomarkers for the diagnosis and prognosis of
There

biomarkers for sepsis which has a high

sepsis. is a critical need to find

mortality to predict the outcome.

Intl. J. Clin. Diag. Res. 2020;8(5):11
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