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ABSTRACT

Background: Sepsis is a significant health concern characterized by high mortality rates, further
complicated by diagnostic challenges and the absence of reliable prognostic biomarkers.
Objectives: To investigate the clinical value of specific immunological parameters along with liver
and kidney function tests in individuals with sepsis and their relationship to disease severity.
Materials and methods: In this research, we included 300 participants (100 healthy individuals
as the control group and 200 patients in the sepsis group, including 100 with non-severe sepsis and
100 with severe sepsis). Serum levels of interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α),
C-X-C motif chemokine ligand 9 (CXCL9), C-C motif chemokine ligand 12 (CCL12), soluble
urokinase plasminogen activator receptor (suPARIII), and monocyte chemoattractant protein-1
(MCP-1), creatinine (S-Cr), High-sensitive C-reactive protein (hs-CRP), platelet counts (PLT),
and the PaO2/FiO2 ratio were measured for each participant.
Results: Our results showed significantly increased (P-value < 0.05) levels of IL-6 and TNF-α
in patients with non-severe sepsis and severe sepsis compared to the control group. The levels
of CXCL9, CCL12, suPARIII, and MCP-1 were also significantly elevated in both non-severe
sepsis and severe sepsis patients compared with the control group. Significantly higher levels of
TSB, hs-CRP, and S-Cr were observed in the severe sepsis group compared to the control group.
Conversely, platelet counts were markedly reduced in both non-severe and severe sepsis patients
relative to controls.
Conclusion: The study identified several critical immunological and biochemical markers that
demonstrated a significant positive correlation with sepsis severity. Elevated levels of these immune
response markers were consistently associated with more severe clinical presentations, underscoring
their potential utility as early diagnostic and prognostic indicators in sepsis management.
Keywords: Sepsis; Interlukin-6; Chemokines; Monocyte chemoattractant protein-1; Soluble
urokinase plasminogen activator receptor.
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INTRODUCTION

S
epsis is a global health concern, accounting for
approximately 20% of all annual deaths, and has
been recognized by the World Health Organization
(WHO) as a critical public health priority [1]. Sep-

sis is typically considered a life-threatening acute (multiple)
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organ dysfunction caused by dysregulated host response to in-
fections or other triggers [2–4]. Epidemiological studies found
that sepsis impacts 48.9 million people yearly and leads to
11 million worldwide deaths each year, thus emphasizing its
significant morbidity and mortality rates [5, 6]. The clinical
symptoms mostly include: Body temperature exceeding 38oC
or falling below 36oC, tachycardia with a heart rate greater
than 100 beats/min, a respiratory rate over 20 breaths/min,
an arterial partial pressure of carbon dioxide (PaCO2) of less
than 32 mmHg, and abnormal white blood cell counts [7].
Gram-negative bacteria produce endotoxin, often referred to
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as lipopolysaccharide bacterium, a potent mediator of mi-
croorganism that contributes to the pathophysiology of sepsis
by triggering the creation and release of pro-inflammatory cy-
tokines such as interleukin-6 (IL-6) and tumor necrosis factor-
alpha (TNF-α). Chronic inflammation impairs tissue perfu-
sion, which impacts the liver and kidneys, among other or-
gans [8, 9]. Long-term immunosuppression, immunological
collapse, and even physical limitations are characteristics of
sepsis, sometimes referred to as persistent inflammation, im-
munosuppression, and catabolism syndrome. Notably, other
serious conditions, such as significant trauma, pancreatitis,
and cardiopulmonary bypass, that are brought on by sterile
insults, can also result in sepsis [10].

Sepsis pathophysiology is characterized by intricate in-
teractions among inflammatory, coagulation, and endothe-
lial processes in response to infection. At the onset,
pathogens activate the innate immune system via pattern
recognition receptors (PRRs), prompting the secretion of cy-
tokines and the mobilization of immune cells, including neu-
trophils and macrophages. This cascade generates a cytokine
storm, marked by the simultaneous presence of both pro-
inflammatory and anti-inflammatory mediators, ultimately
driving widespread systemic inflammation. In severe cases,
this immune suppression becomes more pronounced, leading
to phenomena like lymphocyte exhaustion and apoptosis, par-
ticularly affecting T cells. Elevated levels of regulatory T cells,
which inhibit immune responses, contribute to immunoparal-
ysis, impeding pathogen clearance and worsening organ dys-
function [11, 12]. Multiple mechanisms appear to frame this
distinctive microcirculatory derangement, including endothe-
lial dysfunction, impaired red blood cell (RBC) deformability,
thinning and damage to the glycocalyx layer, increased leuko-
cyte activation and recruitment, and activation of the coag-
ulation cascade. Importantly, these variations in microcircu-
latory flow and endothelial function are expected to directly
contribute to the development of multiple organ dysfunction
through several mechanisms. The generation of microvascular
shunts has been suggested to separate microcirculatory blood
flow distribution from metabolic demand, resulting in regions
of hypoperfusion and hypoxia [13]. At the same time, acti-
vation of the complement system enhances leukocyte recruit-
ment and intensifies the inflammatory response. Upon activa-
tion, the endothelium releases von Willebrand factor (VWF)
and expresses tissue factor (TF), thereby triggering the ex-
trinsic coagulation pathway. These events result in increased
thrombin production and fibrin deposition, which contribute
to the development of microvascular thrombosis and subse-
quent endothelial dysfunction [14, 15].

In sepsis, the kidneys are particularly vulnerable due to the
interplay of inflammation, endothelial dysfunction, and coag-
ulation abnormalities. The systemic inflammatory response
the release of cytokines, which damage the renal endothelial
cells and disrupts the glomerular filtration barrier. Endothe-
lial injury in the kidney leads to increased vascular perme-
ability and the promotion of micro-thrombosis. Additionally,
sepsis-associated renal dysfunction involves alterations in re-
nal blood flow regulation, with vasodilation and hypotension
reducing perfusion pressure. These changes compromise mi-
crocirculatory flow, hindering effective oxygen delivery to tis-
sues. Neutrophils contribute to the process by releasing neu-
trophil extracellular traps (NETs), which enhance platelet ag-
gregation and further stimulate the coagulation cascade [16–
18].

Despite its critical impact on sepsis, current clinical tools

are insufficient for timely and accurate assessment of sep-
sis severity, which limits effective treatment and prognosis.
Therefore, our study aimed to evaluate the clinical value
of specific immunological biomarkers such as IL-6, TNF-α,
CXCL9, CCL12, suPARIII, and MCP-1, alongside liver and
kidney function tests in patients with sepsis. The purpose
is to determine the relationship between these biochemical
and immunological parameters and the severity of sepsis, as
well as to improve early diagnosis and prognostication of the
disease.

MATERIALS AND METHODS

This comparative cross-sectional study included 300 par-
ticipants recruited from the Intensive Care Units (ICUs) of
Baghdad Teaching Hospital, Al-Kindi Teaching Hospital, Al-
Yarmouk Teaching Hospital, and Ibn Al-Nafees Hospital in
Baghdad, Iraq, between July and October 2024. This study
received approval from the Ethical Clearance Committee at
the College of Basic Education, Wasit University, as per ad-
ministrative order number 23/7-9-2024. The participants
were divided into three groups; First group: Healthy controls
(n=100: First group, healthy controls (n = 100), aged 19-
50 years. Second group: Non-severe sepsis patients (n=100),
aged 18–65 years. Third group: patients with severe sepsis
(n=100), aged 19–52 years. Sepsis was defined according to
the Systemic Inflammatory Response Syndrome (SIRS) cri-
teria associated with confirmed infection without organ dys-
function [7]. Severe sepsis was defined by the presence of
infection-induced organ dysfunction, identified through clini-
cal assessments and supported by laboratory markers such as
elevated lactate levels and pro-inflammatory cytokines [7].

Adult patients aged 18–65 years admitted to the ICU with a
diagnosis of non-severe sepsis or severe sepsis were included,
provided they gave informed consent. The healthy control
group consisted of adults aged 19–50 years recruited from
hospital staff, blood donors, or individuals attending rou-
tine health check-ups. All controls were free of infectious
diseases, chronic illnesses, or any use of immunosuppressive
or anti-inflammatory therapies. While the exclusion crite-
ria for the sepsis groups included: Immunosuppressive disor-
ders, active malignancy, end-stage renal or hepatic disease,
pregnancy, and those who declined to participate. For the
healthy control group, exclusion criteria were any acute ill-
ness or infection within the past month, chronic medical con-
ditions (e.g., diabetes, hypertension), autoimmune diseases,
malignancy, organ dysfunction, pregnancy, use of immuno-
suppressive or anti-inflammatory medications, and those who
declined to participate.

All participants underwent laboratory tests, which in-
cluded: Biochemical and immunological tests [TSB, S-Cr,
hs-Crp and PLT—] and immunological tests (IL-6, TNF-
α, CXCL9, CCL12, suPARIII, and MCP-1). The ratio of
PaO2/FiO2 was compared with the Sequential Organ Failure
Assessment (SOFA). The SOFA score could accurately pre-
dict clinical outcomes in patients with non-severe sepsis and
severe sepsis. It is a method for determining the extent of
damage to a patient’s vital organs in sepsis. It gauges how
well the body’s six essential organs (the respiratory system,
nervous system, liver, heart, and circulatory system, kidneys,
and coagulation system) are functioning. Each function is
scored from 0 to 4, with a higher score indicating a worsening
condition.

Figure 1 shows the flow chart of the 300 participants.
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Figure 1. Flowchart representing the progression of partici-
pant selection and grouping.

Five milliliters of blood were drawn by venipuncture from
each subject. Patient’s blood samples were drawn upon ar-
rival at the emergency room. Two and a half milliliters were
collected into an anticoagulated tube containing K2-EDTA
for the PLT count. The remaining 2.5 ml were collected into
a gel activator tube to obtain serum for biochemical and im-
munological tests. Serum was transferred into plain tubes
and refrigerated at –20oC until measurement. IL-6, TNF-α,
CXCL9, CCL12, suPARIII, and MCP-1 were assayed with
sandwich enzyme-linked immunosorbent assay (ELISA) pro-
vided by Melsin – china (No.111125MBL). TSB, hs-CRP, and
S-Cr were measured on the Cobas C111 analyzer Roche Di-
agnostics (No.1126RSH). The PLT count was performed us-
ing the hematology analyzer Pentra 80 (ABX Horiba Group,
Minami-ku, Kyoto, Japan). Additionally, the PaO2/FiO2 ra-
tio was calculated by dividing arterial oxygen partial pressure-
PaO2 mmHg by the fraction of inspired oxygen (FiO2). This
ratio was used to assess the degree of hypoxemia and organ
dysfunction in accordance with critical care guidelines.

The sample size was calculated using G*Power software for
a one-way ANOVA comparing three groups, with an effect
size of 0.25, α level of 0.05, and power of 0.95. The calcula-
tion indicated a minimum total sample size of 252 participants
(Approximately 84 per group). Our study recruited 100 par-
ticipants per group to ensure adequate power and to account
for potential 10% dropouts (Figure 2).

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) Statistics version 28
(IBM Corp., Armonk, NY, USA) and GraphPad Prism ver-
sion 8.0 (GraphPad Software, San Diego, CA, USA). Contin-
uous variables were tested for normality using the Shapiro-
Wilk test and expressed as the mean ± standard error (SE)
or mean ± standard deviation (SD) as appropriate. Compar-
isons among the three groups (healthy controls, non-severe
sepsis, and severe sepsis) were conducted using a one-way
analysis of variance (ANOVA) followed by Dunnett’s post hoc
test for pairwise comparisons. Pearson correlation analysis
was used to assess relationships between immunological and
biochemical parameters. A P-value less than 0.05 was con-

Figure 2. Sample size estimation using G*Power for one-way
ANOVA with effect size 0.25, α level = 0.05, power = 0.95,
and 3 groups.

sidered statistically significant. Effect sizes were calculated
using Cohen’s d and Glass’s delta to quantify the magnitude
of differences between groups. The equation for Cohen’s d is

d = 2t
√
n1 + n2 ,

this approach is used when the n’s between conditions are
equal. Effect sizes for the primary comparisons ranged from
moderate to large (Cohen’s d between 0.5 and 0.9), indicat-
ing a substantial magnitude of difference in biomarker levels
between groups.

RESULTS

Table 1 summarizes the demographic characteristics of the
study participants. The mean age of the healthy control group
was 34.5 ± 7.8 years, while the non-severe sepsis and severe
sepsis groups had mean ages of 41.5 ± 11.8 and 35.5 ± 8.3
years, respectively. Sex distribution was relatively balanced
across groups, with a slight male predominance in the control
and non-severe sepsis groups, and a slight female predomi-
nance in the severe sepsis group.

Table 2 shows significantly increased (P-value < 0.05) levels
of TSB and hs-CRP in patients with non-severe sepsis and
severe sepsis compared with the control group. A significant
increase (P-value < 0.05) in S-Cr was also observed in non-
severe sepsis and severe sepsis patients compared with the
control group. The PLT count was significantly decreased in
non-severe sepsis and severe sepsis patients compared with the
control group. The level of PaO2/FiO2 ratio was significantly
(P-value < 0.05) decreased in patients with non-severe sepsis
and severe sepsis compared with the control group.

The data in Figure 3 shows significantly increased (P-value
< 0.05) serum levels of IL-6, TNF-α, CXCL9, and CCL12 in
severe sepsis patients and non-severe sepsis patients in com-
pared to healthy control group. The levels of these biomark-
ers were also significantly higher in patients with severe sepsis
than in the non-severe sepsis group.

The data in Figure 3 shows significantly increased (P-value
< 0.05) serum levels of IL-6, TNF-α, CXCL9, and CCL12 in
severe sepsis patients and non-severe sepsis patients in com-
pared to healthy control group. The levels of these biomark-
ers were also significantly higher in patients with severe sepsis
than in the non-severe sepsis group.
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Table 1. Demographic and clinical characteristics of the 300 participants. ICU: Intensive care unit. NA: Not applicable.

Characteristic Healthy
controls
(n=100)

Non-severe
sepsis (n=100)

Severe sepsis
(n=100)

P-value (Healthy
vs. Non-severe)

P-value
(Healthy vs.

Severe)

P-value
(Non-severe vs.

Severe)

Age (years) 34.5± 7.8 41.5± 11.8 40.1± 8.3 0.001 ∼ 0.004 0.45
Sex (Male/Female) 57 / 43 54 / 46 45 / 55 0.75 0.12 0.18
ICU admission time 0 Within 24 hours Within 24 hours NA NA NA

Table 2. Comparative analysis of biomarkers (TSB, S. Cr, hs-CRP, platelets, and PaO2/FiO2 Ratio) among severe sepsis,
non-severe sepsis, and healthy control groups. Values in the same row that do not share the same superscript letter (a, b, c)
are significantly different (P-value < 0.05)∗.

Biomarkers Mean ± standard error P-value

Non-severe
sepsis group

SOFA score Severe sepsis
group

SOFA score Healthy control

TSB (ng/ml) b2.6± 0.5 2 a5.9± 1.0 1 c0.9± 0.01 0.008
S. Cr (ng/ml) c2.0± 0.4 2 a4.6± 1.0 3 0.62± 0.06 0.019
hs-CRP (ng/ml) b9.6± 0.6 – a55.6± 2.6 – c1.2± 0.3 0.002
Platelets (×109/L) a110± 5.9 1 a48.0± 1.6 3 a350± 5.9 0.001
PaO2/FiO2 ratio (mmHg) b290.3± 10.9 2 155.5± 2.6 3 a400.9± 10.6 0.001

∗ TSB: Total serum bilirubin, S. Cr: Serum creatinine, hs-CRP: Highly sensitive C-reactive protein, PaO2/FiO::Oxygen partial
pressure/fraction of inspired oxygen, SOFA: Sequential Organ Failure Assessment.

Figure 3. Comparison of interleukin-6 (IL-6), tumor necro-
sis factor-alpha (TNF-α), C-X-C motif chemokine ligand 9
(CXCL9), C-C motif chemokine ligand 12 (CCL12) between
severe sepsis patients, sepsis patients and healthy controls.
Data are presented as mean ± SD. The statistical analysis
was performed using one-way ANOVA. Significant differences
are indicated P-value< 0.05 . The letters (a, b, c) above
the bars indicate statistically significant differences among
the groups, as determined by multiple comparisons. Different
letters mean the groups are significantly different from each
other at a defined significance level (usually P-value < 0.05).
Bars sharing the same letter are not significantly different.
The asterisks (***) in the figure indicate the level of statisti-
cal significance between groups..

Figure 4 shows a significantly increased (P-value < 0.05)
level of MCP-1 and suPAR111 in patients with severe and
non-severe sepsis compared to the control group.

A significant positive (P-value < 0.05) correlation was ob-
served between IL-6 and TNF-α, as well as between IL6 and
CCL12. Similarly, MCP-I exhibited a strong correlation (P-
value < 0.05) with TNF-α and CCL12. Furthermore, su-

Figure 4. Comparison of monocyte chemoattractant protein-
1 (MCP-1) and soluble urokinase plasminogen activator re-
ceptor (suPARIII) between severe sepsis, non-severe sepsis
patients, and healthy control groups. The asterisks (***) in
the figure indicate the level of statistical significance between
groups.

PARIII was significantly correlated with TNF-α. These cor-
relations demonstrate a potential association (P-value < 0.05)
between proinflammatory cytokines and chemokines in non-
severe sepsis and severe sepsis (Figure 5).

DISCUSSION

Sepsis remains a critical global health challenge due to its
complex pathophysiology, high mortality rates, and difficul-
ties in early diagnosis and prognosis. The current study re-
veals that some common biomarkers (e.g., TSB, hs-Crp, and
S-Cr) are significantly increased in the serum of patients with
sepsis compared to the control group, with severe sepsis show-
ing the highest levels. Furthermore, according to our research,
sepsis patients who have acute kidney injury due to hypop-
erfusion and inflammation may also be at risk for damage to
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Figure 5. Heatmap Pearson’s correlation between immunological parameters in patients with non-severe sepsis and severe
sepsis∗.

∗ Pearson correlation coefficient (r) and their corresponding P-values are shown for immunological markers, including interleukin-6
(IL-6), tumor necrosis factor-alpha (TNF-α), C-X-C motif chemokine ligand 9 (CXCL9), C-C motif chemokine ligand 2 (CCL12),
soluble urokinase plasminogen activator receptor domain III (suPARIII), and monocyte chemoattractant protein-1 (MCPI).

other organs, including the liver. Since organ damage during
sepsis may increase the hepatic release of bilirubin, the in-
crease in bilirubin levels may be related to liver dysfunction,
which is frequently seen in patients with sepsis. S-Cr levels
were significantly increased in severe sepsis patients, suggest-
ing the presence of renal impairment, which is also a frequent
complication in septic patients due to reduced renal perfusion
and acute kidney injury (AKI) [19, 20].

The PaO2/FiO2 ratio and PLT were significantly decreased
in the severe sepsis cohort compared to non-severe sepsis pa-
tients and controls. The PLT count decreased dramatically
in the severe sepsis group compared to the non-severe sepsis
group. A more recent study found a drop in PLT count lev-
els in non-severe sepsis patients and suggested that PLT loss
may be caused by increased consumption for PLT incorpora-
tion into disseminated thrombi, generation of PLT-leukocytes
aggregates, and reduced PLT synthesis due to impaired bone
marrow function [21, 22]. In another study, a low ratio of
PaO2/FiO2 was seen in non-severe sepsis patients compared
with a control group, and a high or low PaO2/FiO2 ratio was
related to an increased risk of 28-day death; this reduction
has been attributed to impaired gas exchange, suggestive of
acute respiratory distress, a common complication in septic
patients [23].

The results of our study agreed with those of previous stud-
ies, showing a statistically significant increase in the levels of
IL-6 and TNF-α in non-severe sepsis patients [24, 25]. An-
other previous study found increased levels of IL-6 and IL-10
in non-severe sepsis patients [26], and this latter finding may
be suggestive of immunosuppression in patients with sepsis,
which may then lead to more severe clinical progression [26].
In the early stages of inflammation, IL-6 and TNF-α are pro-
inflammatory cytokines that cause cells to produce and release

other acute-phase proteins. They stimulate the development
and activation of neutrophils, the growth and differentiation
of B and T cells, and the synthesis of immunoglobulins during
infection [25].

Furthermore, pro-inflammatory cytokines were the most
significant inflammatory agents during the early stages of
SIRS. The elevation of IL-6 is a critical cytokine in the inflam-
matory cascade during sepsis, reflecting an acute response to
infection and tissue injury. TNF-α is known for its role in
mediating inflammation and apoptosis, and its elevated levels
correlate with disease severity, suggesting that it may con-
tribute to the pathophysiology of septic shock. TNF-α, IL-
1β, and IL-6 mediate the innate early reaction of the immune
system to damage or infection, and are primarily responsible
for the risk of developing SIRS [27].

Additionally, as expected, the levels of CXCL9 and CCL12
in the serum of patients with severe sepsis were higher than
in all other groups. Our study suggests that the observed ele-
vation in the levels of cytokines and chemokines in non-severe
sepsis patients reflects an amplified proinflammatory state
and dysregulation of the immune response. Furthermore,
their upregulation contributes to systemic inflammation, vas-
cular permeability, and subsequent organ dysfunction, under-
scoring their potential as biomarkers of sepsis severity and
therapeutic targets. These results are in line with those of
a previous study, which also demonstrated an increased level
of CXCL9 in sepsis patients compared to healthy controls
[28]. The expression of chemokines is thought to increase
in severe inflammatory diseases as a result of the humoral
immune response against bacteria [18]. CXCL9 plays a cru-
cial role in attracting immune cells to the sites of infection,
thereby amplifying the inflammatory response. CCL12 is also
involved in monocyte recruitment and has been implicated in
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the development of sepsis-related complications. The signifi-
cant increases in IL-6, TNF-α, CXCL9, and CCL12 observed
in our study among severe sepsis patients would hence reflect
heightened immune activation and inflammation, reinforcing
the concept that a robust inflammatory response is both a
hallmark and a contributing factor in determining the sever-
ity of sepsis. These immunological markers can hence serve
as potential targets for therapeutic intervention, but may also
aid in monitoring disease progression and response to treat-
ment.

SuPARIII has recently been investigated as a novel inflam-
matory biomarker with significant regulatory roles in various
immunological processes. Our study suggests that suPARIII
enhances immune cell migration. Additionally, MCP-1 fa-
cilitates leukocyte recruitment to sites of infection, further
amplifying immune cell migration. Together, they contribute
to the immune dysregulation seen in sepsis and may serve as
useful biomarkers and therapeutic targets. The immune sys-
tem is activated, thus resulting in an enhanced production of
suPARIII during inflammation or other illnesses [29]. This is
confirmed by our findings, which show that the levels of su-
PARIII are associated with the severity of sepsis. MCP-1, a
proinflammatory cytokine that plays a crucial role in various
inflammatory diseases, is released by a range of cell types,
including fibroblasts, endothelial cells, smooth muscle cells,
and monocytes. Our study reported that the levels of this
cytokine were considerably elevated in sepsis patients, con-
firming previous findings of elevated MCP-1 levels in sepsis
patients compared with controls [30].

Reliable biomarkers for both diagnosing and assessing the
severity of sepsis are critical. An optimal sepsis biomarker
should be analytically easy to detect, highly sensitive and
specific, cost-effective, and readily available for clinical use.
Thus, this is one of the few studies that have assessed the
diagnostic utility of a large number of sepsis biomarkers to the
best of our knowledge. The levels of IL-6, TNF-α, CXCL9,
CCL12, suPARIII, MCP-1, and hs-CRP were then evaluated
alongside sepsis scoring systems, such as SOFA, which may
serve as valuable indicators for monitoring sepsis progression
and identifying cases with a poor prognosis. Moreover, these
immunological parameters may have potential in assessing the
immune status of patients with sepsis.

Our study has several limitations. Firstly, the cross-
sectional design limits the ability to establish causality re-
lationships between the biomarkers and sepsis severity. Sec-
ondly, the study was performed in the ICUs of selected hos-
pitals in Baghdad, which may restrict the generalizability of
the findings to broader populations. Finally, although multi-
ple immunological and biochemical markers were evaluated,
other potentially relevant biomarkers and clinical variables
may have been excluded. Future prospective studies with
larger sample sizes and prospective designs are needed to val-
idate and extend these findings.

CONCLUSION

This study highlights the prognostic value of specific im-
munological and biochemical markers in sepsis. Elevated
baseline levels of IL-6 and TNF-α emerged as robust indi-
cators of disease severity, while serum suPARIII and MCP-
1 demonstrated potential utility in tracking disease progres-
sion. Furthermore, elevated TSB and S. Cr levels were as-

sociated with hepatic and renal dysfunction, and reduced
PLT counts correlated strongly with the risk of septic shock
and progression to disseminated intravascular coagulation.
These findings suggest a multi-marker approach may enhance
early stratification and clinical decision-making in sepsis. Fu-
ture research should focus on validating these markers in
larger, multi-center cohorts and exploring their integration
into rapid point-of-care diagnostic tools. Additionally, lon-
gitudinal studies assessing biomarker kinetics in response to
therapeutic interventions may offer insights into personalized
treatment strategies for sepsis management.
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[1] J. E. Avila, J. E. De Fŕıas, and L. J. Olivero. Role of
preventive measures in sepsis. In The Sepsis Codex, pages
287–295. Elsevier, 2023.

[2] L. La Via, G. Sangiorgio, S. Stefani, A. Marino, G. Nun-
nari, S. Cocuzza, I. La Mantia, B. Cacopardo, S. Strac-
quadanio, S. Spampinato, and S. Lavalle. The global bur-
den of sepsis and septic shock. Epidemiologia, 5(3):456–
478, 2024.

[3] N. R. Kumar, T. A. Balraj, S. N. Kempegowda, and
A. Prashant. Multidrug-resistant sepsis: A critical
healthcare challenge. Antibiotics, 13(1):46, 2024.

[4] R. E. Hancock, A. An, C. C. dos Santos, and A. H. Lee.
Deciphering sepsis: transforming diagnosis and treat-
ment through systems immunology. Frontiers in Science,
2:1469417, 2025.

[5] M. Leone, I. Lakbar, and J. L. Vincent. Sepsis: Actual

numbers and uncertainties. Revue d’Épidémiologie et de
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