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Abstract

(Al) to enhance precision in sepsis management.

Sepsis remains a leading cause of mortality worldwide, characterized by a dysregulated immune response to
infection, leading to organ dysfunction and failure. Despite advances in critical care and antimicrobial therapies, timely
diagnosis and prognosis of sepsis remain challenging. Biomarkers have emerged as valuable tools for early detection,
risk stratification, and monitoring treatment response in sepsis patients. This review explores the most clinically
relevant sepsis biomarkers, their mechanisms, diagnostic performance, and potential future applications. It highlights
the strengths and limitations of commonly used biomarkers such as C-reactive protein (CRP), procalcitonin (PCT),
and lactate, as well as emerging biomarkers like presepsin, cytokines, and metabolomics. Additionally, the review
discusses the future perspectives of multi-biomarker panels and the integration of biomarkers with artificial intelligence
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Introduction

Sepsis is a life-threatening condition resulting from the body’s
extreme response to infection, leading to systemic inflammation,
tissue injury, and organ failure. Despite progress in understanding
its pathophysiology, sepsis diagnosis remains challenging due to its
complex and heterogeneous nature. The early identification of sepsis
is crucial for effective intervention, and biomarkers play a vital role in
improving the accuracy and timeliness of diagnosis. This review delves
into the current landscape of sepsis biomarkers, evaluates their clinical
utility, and outlines promising developments that could shape the
future of sepsis care [1].

Sepsisremainsaleading cause of morbidity and mortality worldwide,
characterized by a dysregulated host response to infection that can lead
to systemic inflammation, organ dysfunction, and ultimately, death.
Despite advancements in critical care and early recognition protocols,
timely diagnosis and effective management of sepsis continue to pose
significant challenges [2]. Traditional diagnostic methods, primarily
based on clinical criteria and microbial cultures, often fall short due to
their limitations in sensitivity and specificity, particularly in the early
stages of the disease. This has prompted researchers and clinicians to
explore novel biomarkers that can aid in the rapid identification, risk
stratification, and monitoring of sepsis.

Recent years have witnessed significant progress in understanding
the pathophysiology of sepsis, revealing a complex interplay between the
immune system, inﬂammatory responses, and microbial interactions.
Biomarkers such as procalcitonin (PCT), C-reactive protein (CRP),
and various cytokines have emerged as potential tools to enhance
diagnostic accuracy and prognostic assessment [3,4]. Moreover,
advancements in omics technologies, including genomics, proteomics,
and metabolomics, have opened new avenues for discovering novel
biomarkers that may better reflect the underlying biological processes
in sepsis.

This review aims to provide a comprehensive overview of the
current insights into sepsis biomarkers, emphasizing their roles in
diagnosis, prognosis, and therapeutic decision-making. Additionally,
we will discuss the challenges and limitations associated with the use of
these biomarkers in clinical practice and explore future directions for

research, including the potential for integrating biomarker discovery
with emerging technologies such as artificial intelligence and machine
learning [5]. By highlighting the importance of sepsis biomarkers in
improving patient outcomes, this review seeks to underscore the critical
need for ongoing research and innovation in this vital area of clinical
medicine.

Results

Overview of Current Biomarkers: Recent research has highlighted
several biomarkers that show promise for diagnosing and managing
sepsis. Among these, Procalcitonin (PCT) has emerged as a key
indicator, with studies demonstrating its elevated levels correlate
strongly with bacterial infections, exhibiting approximately 75%
sensitivity and 80% specificity in distinguishing sepsis from other
inflammatory conditions [6]. C-Reactive Protein (CRP) remains a well-
established inflammatory marker; however, its nonspecific nature limits
its diagnostic utility in sepsis. Nonetheless, CRP levels tend to increase
significantly in septic patients, providing some indication of systemic
inflammation. Furthermore, Interleukin-6 (IL-6) has shown potential
as an early predictor of sepsis severity, with heightened levels associated
with poor clinical outcomes. Lastly, Neutrophil Gelatinase-Associated
Lipocalin (NGAL) has been identified as a useful biomarker correlating
with acute kidney injury in septic patients, thereby offering an early
warning for organ dysfunction.

Emerging Biomarkers: In addition to established biomarkers,
several emerging candidates are being investigated for their roles
in sepsis diagnosis and management [7]. Circulating microRNAs
(miRNAs), such as miR-146a and miR-155, are gaining attention due to
their involvement in regulating inflammatory responses; elevated levels
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may indicate disease progression and assist in therapeutic decision-
making. Metabolomic profiling has also revealed distinct metabolic
signatures in septic patients, with metabolites like hypoxanthine
and kynurenine demonstrating promise as early indicators of sepsis.
Furthermore, protein biomarkers like soluble triggering receptor
expressed on myeloid cells-1 (STREM-1) and angiopoietin-2 have
been linked to increased mortality in sepsis, suggesting their utility as
prognostic markers [8].

Clinical Applications: The integration of these biomarkers into
clinical practice is advancing, with diagnostic algorithms increasingly
incorporating multiple markers. Combining PCT, CRP, and IL-6
has been shown to enhance diagnostic accuracy, enabling timely
interventions for septic patients. Moreover, biomarker levels can aid
in risk stratification, helping clinicians identify patients who may
require more aggressive treatment strategies. Additionally, monitoring
biomarker levels over time provides valuable insights into treatment
efficacy, allowing for therapeutic adjustments based on patient
responses [9].

Future Directions: Looking ahead, the future of sepsis biomarkers
presents exciting opportunities. Point-of-care testing technologies are
evolving rapidly, facilitating the rapid assessment of biomarkers, which
can lead to early diagnosis and prompt treatment initiation. The pursuit
of personalized medicine is also a key focus, as identifying specific
biomarker profiles may allow for tailored treatment strategies based on
individual patient needs and sepsis phenotypes [10]. To further validate
the clinical utility of emerging biomarkers, large-scale multicenter trials
are essential, enabling assessments of their effectiveness across diverse
populations and clinical settings.

Conclusion

In conclusion, the identification and validation of biomarkers for
sepsis have made significant strides in recent years, enhancing our
understanding of this complex and life-threatening condition. Current
biomarkers such as Procalcitonin, C-Reactive Protein, and Interleukin-6
provide valuable insights into the diagnosis and management of sepsis,
though they exhibit varying degrees of specificity and sensitivity.
Emerging biomarkers, including circulating microRNAs and novel
metabolic signatures, hold great promise for improving early detection

and risk stratification. The integration of biomarkers into clinical
practice is increasingly evident, with diagnostic algorithms and
monitoring strategies helping clinicians make informed decisions
regarding patient care. However, the challenges of standardization and
variability in biomarker assays must be addressed to ensure consistent
and reliable clinical application.

Looking ahead, advancements in point-of-care testing and
personalized medicine are poised to revolutionize sepsis management.
Ongoing research and large-scale multicenter trials will be crucial for
validating the clinical utility of emerging biomarkers and uncovering
the underlying biological mechanisms driving sepsis. By continuing to
explore and refine these biomarkers, we can enhance early diagnosis,
tailor treatment strategies, and ultimately improve outcomes for
patients suffering from sepsis.
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