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Introduction
Sepsis is a life-threatening organ dysfunction caused 

by a dysregulated host response to infection [1]. In 
patients with hyper-inflammatory immune response 
syndrome, early recognition, risk stratification and 
personalized medical interventions play a crucial role 
in preventing life-threatening organ dysfunction [2]. 

Although in recent years basic science studies have 
been conducted to determine the mechanisms of sep-
sis leading to organ failure, it remains a challenge for 
clinicians due to the phenotypic heterogeneity and the 
increased mortality rates. 

A biomarker is defined as any measurable molecule 
that can distinguish a normal from a pathological condi-
tion or provide valuable information to guide therapeu-
tic interventions. The ideal biomarker should provide 
a rapid result with excellent diagnostic performance, 
sensitivity, specificity, repeatability, cost-effectiveness 
and ease of interpretation [3]. Over the last few decades, 
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Abstract
Sepsis is a life-threatening condition caused by an abnormal immune response to an infection, leading to severe 
multi-organ failure and significantly high mortality rates. It remains a challenge for daily clinical practice, as it requires 
early diagnosis and differentiation of patients, along with personalized treatment strategies, in order to achieve 
optimal clinical outcomes and eliminate morbidity. 
Inflammatory biomarkers play a crucial role in the early detection of sepsis, providing valuable insights into disease 
progression, monitoring the patient’s response to treatment and guiding medical interventions. Procalcitonin (PCT) 
and C-reactive protein (CRP) are conventional infection biomarkers that are commonly utilized to differentiate a 
bacterial infection from a non-bacterial infection, although their diagnostic accuracy remains limited. 
Emerging biomarkers, including Presepsin (PSEP), Pancreatic Stone Protein (PSP), and Myxovirus Resistance Protein A 
(MxA), demonstrate higher sensitivity and specificity, providing more precise information for diagnostic accuracy and 
prognosis. PSP levels rise earlier than CRP and PCT, remaining more stable throughout the hospitalization, whereas 
MxA effectively distinguishes viral from bacterial infections. Moreover, Serum lactate, neutrophil-to-lymphocyte ratio 
(NLR), and ferritin are essential for evaluating the infection’s evolution and are frequently incorporated into screening 
protocols, management guidelines, and sepsis definitions. PCT-guided antibiotic treatment reduces antimicrobial 
consumption by limiting unnecessary or prolonged treatments without jeopardizing safety. Despite the potential 
of biomarkers, no single biomarker has sufficient sensitivity and specificity to confirm or exclude sepsis, monitor its 
progression, or guide treatment decisions. 
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a wide range of infection and sepsis biomarkers have 
been used providing the opportunity for an early diag-
nosis and more specific therapeutic decisions, which can 
optimize recovery and minimize unnecessary usage of 
antibiotics such as with PCT and CRP [4].

This narrative review aims to provide insight into 
the role of biomarkers in early sepsis diagnosis, prog-
nosis, and the optimization of therapeutic interventions 
(Figure 1).

Biomarkers and diagnosis (rule in) 
The indispensable role of biomarkers, including 

PCT and CRP, has been unequivocally recognized as a 
fundamental aspect of contemporary clinical practice. 
Notably, PCT, alongside CRP, can adequately differenti-
ate between bacterial and non-bacterial infections as 
well as distinguish patients with SIRS from sepsis [5,6]. 
However, the diagnostic accuracy of each biomarker 
alone cannot provide a certain diagnosis [4,6]. Hence, 
clinical scores and combinations with other biomarkers 
have emerged to improve their diagnostic performance 
[4,7]. Although PCT is widely regarded as superior to CRP, 
it is not a conclusive diagnostic test for sepsis because 
PCT levels can also be significantly elevated in various 
other pathological conditions, particularly in patients 
with compromised renal function, thus complicating the 

identification of an underlying infection [8,9]. Moreover, 
recent studies have established PSEP as an important 
biomarker for sepsis, due to its early elevation and 
substantially increased levels in gram-negative bacte-
rial infection [10]. Furthermore, it demonstrates high 
specificity (82.6%) for sepsis diagnosis, with an AUC 
of 0.87. According to a recent study, PSEP had a good 
diagnostic value for sepsis, with a summary sensitivity 
of 0.805 (0.759-0.844), establishing it as a promising tool 
in the emergency department [10]. Contrary to other 
biomarkers of sepsis, PSEP has the capacity to differen-
tiate septic shock from sepsis, providing more specific 
diagnostic insight [11]. Nevertheless, PSEP demonstrates 
only moderate diagnostic accuracy in differentiating 
sepsis from non-sepsis cases and should be utilized in 
conjunction with other biomarkers and clinical scoring 
systems to definitively confirm the diagnosis of infection 
[12]. Additionally, PSP represents a promising point-of-
care biomarker for sepsis, distinguished by its ability to 
rise in blood levels five days earlier than conventional 
biomarkers like PCT and CRP [13]. Notably, PSP is con-
sidered a more reliable biomarker for sepsis because 
its serum levels remain stable after burn injury and 
subsequent debridement, in contrast to CRP and PCT, 
which increase significantly following inflammatory or 
surgical events [14]. PSP demonstrates an overall sensi-

Figure 1. Infection biomarkers.
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tivity of 0.88 and specificity of 0.78 for sepsis diagnosis 
with an AUC value of 0.90 [14]. In addition, the detection 
of Aspergillus, specifically the invasive fungal infection, 
remains a formidable challenge for the medical field 
because definitive confirmation is often delayed and 
reliant on invasive procedures [15,16]. In this regard, 
serum galactomannan antigen levels can contribute 
to the early and accurate diagnosis of candidemia, 
demonstrating a sensitivity of 0.71 (0.64-0.78) and a 
high specificity of 0.89 (0.89-0.92) in immunocompro-
mised patients [15,16]. Consequently, the detection of 
galactomannan antigen levels has become increasingly 
prominent in the diagnostic process for this infection, 
providing a valuable tool for early identification, which 
plays a pivotal role in enhancing clinical outcomes and 
reducing both mortality and morbidity rates. Diagnostic 
biomarkers are summarized in Table 1 and Figure 2.

Biomarkers and exclusion (rule out)
Septic patients exhibit a wide range of nonspecific 

clinical manifestations, thereby complicating the dif-
ferentiation from other serious medical conditions, 
potentially leading to misdiagnosis. Therefore, infection 
biomarkers play a crucial role in reducing diagnostic 
uncertainties by excluding non-relevant patients. The 
most widely utilized inflammatory biomarker in routine 
clinical practice, CRP, is not considered adequate for 
distinguishing infection from non-infection in patients, 
as its levels can be elevated in a wide range of non-
infection inflammatory pathological conditions such as 
malignancy, trauma, and autoimmune diseases. Thus, 
CRP alone, due to its limited specificity and negative 
prognostic value, is not capable of ruling out sepsis 
[17,18]. However, an interesting finding from research is 
that the combination of PSP and CRP is significantly more 
reliable for ruling out infection in hospitalized patients, 
demonstrating increased effectiveness compared to the 
combination of PSP with PCT. Therefore, the integration 
of PSP with CRP can enhance the diagnostic accuracy 

Table 1. Diagnostic biomarkers.

Biomarker Conditions AUC Sensitivity Specificity Stage of Sepsis

Galactomannan Aspergillosis (Invasive 
Fungal Infection)

0.71 (0.64–0.78) 0.89 (0.89–0.92) Early detection in 
immunocompromised patients

PSP Bacterial Infections, 
Sepsis

0.90 0.88 0.78 Early-stage sepsis (rises earlier 
than PCT/CRP)

PSEP Sepsis, Septic Shock 0.87 0.805 (0.759–0.844) 0.826 Differentiates sepsis from septic 
shock

of infections, leading to an increase in AUC from 0.81 to 
0.90, while concurrently improving the sensitivity of PSP 
without compromising its specificity [19]. Specifically, 
the combined use of PSP and CRP demonstrates a high 
sensitivity of 0.81 with an ROC AUC of 0.90, which is 
notably better than CRP alone [19]. However, it is crucial 
to highlight that PSP alone has a high positive predic-
tive value of 0.85 for the detection of infection and its 
levels exhibit a significantly clearer distinction between 
infected and non-infected patients, with limited overlap 
[19]. Commonly used inflammatory biomarkers in daily 
medical practice, such as CRP and PCT, lack the specificity 
required to reliably differentiate between bacterial and 
viral infections. In contrast, MxA has emerged as a valu-
able biomarker for accurate exclusion of viral infections, 
as its levels are significantly higher in patients with viral 
infections (83.3) compared to those with bacterial infec-
tions (33.8) with high sensitivity [20,21]. It is important 
to highlight that the expression of MxA in monocytes 
did not demonstrate a 

statistically significant reduction in patients with 
viral-bacterial co-infection when compared to those 
with purely viral infection. This overlap complicates the 
distinction between viral infections and co-infections, 
making it more challenging to reliably rule out the 
presence of bacterial involvement [20,21]. Excluding 
biomarkers are summarized in Table 2.

Biomarkers and monitoring
Monitoring sepsis patients is a significant challenge 

in the medical field due to the nonspecific symptoms 
and the critical role of timing in disease progression. 
Biomarkers are essential in assessing the infection’s 
evolution and guiding clinical decisions. The measure-
ment of CRP is widely utilized for diagnosing and, more 
importantly, for monitoring the progression of inflamma-
tory conditions, particularly sepsis [22]. Due to its rapid 
elevation in response to inflammation and its prompt 
decline upon resolution, CRP serves as a valuable bio-
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marker for assessing therapeutic efficacy [23]. In septic 
patients, CRP levels peaked on day 2 before gradually 
declining until day 10, whereas in septic shock, they 
continued to rise throughout the ICU stay, reaching a 
median of 179 (66–225) mg/L by day 10 [24]. It is worth 
noting that an increase in CRP after 48 hours, particularly 
when exceeding 100 mg/L, was associated with more 
significant organ dysfunction, prolonged ICU stays, and 
an elevated risk of all-cause mortality [24].Additionally, 
sepsis significantly alters white blood cell populations, 
driving its pathophysiology and immunoparalysis [25]. 
An initial surge in neutrophils and monocytes transitions 

rapidly to lymphopenia, characterized by extensive apo-
ptosis of B cells, CD4+ T cells, and CD8+ T cells [25]. An 
eosinophil count < 0.05 x 10^9/L after 96 hours in the 
ICU is a moderate predictor of 30-day mortality and is 
associated with prolonged ICU and hospital stays [26]. 
However, in sepsis, the white blood cell (WBC) count 
may serve as a marker but it’s unreliable due to the vari-
ability in the septic response and its potential overlap 
with conditions such as burns and other inflammatory 
diseases, which may also influence WBC levels [27]. An-
other promising sepsis monitoring biomarker is NLR. An 
increased NLR can occur in various conditions such as 

Figure 2. Diagnostic biomarkers and their clinical utility.

Table 2. Biomarkers for rule out.

Biomarker Conditions AUC Sensitivity Stage / Clinical Context

PSP Bacterial Infection and 
Complications

0.90 (with CRP) 0.81 (with CRP) Hospitalized patients, early detection

PCT Bacterial Infection General clinical use

MxA Viral Infection High Used to exclude viral infection
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bacterial or fungal infections, acute stroke, myocardial 
infarction, severe trauma, post-surgical complications, 
and any condition involving tissue damage that triggers 
SIRS because it suppresses neutrophil apoptosis, enhanc-
ing neutrophil-mediated killing in the innate immune 
response [28,29]. Therefore, NLR has been established 
as a reliable biomarker for the diagnosis and monitor-
ing of sepsis. Notably, NLR levels in critically ill septic 
patients with poor prognosis and high mortality rates 
are significantly elevated compared to those observed in 
patients who exhibit a well-regulated immune response, 
characterized by a balanced activation of both innate 
and adaptive immune mechanisms. Furthermore, serum 
lactate levels are widely recognized as a marker of tissue 
hypoxia and are frequently incorporated into screening 
protocols, management guidelines, sepsis definitions 
(persistent serum levels >2mmol/L), and therapeutic 
decisions [30,31]. Although blood lactate levels change 
gradually and should not be the sole guide for therapy, 
serial measurements can help assess the patient’s tra-
jectory and prompt a reassessment of therapy if levels 
remain stable or rise [32]. Biomarkers that are used for 
monitoring are summarized in Table 3.

Biomarkers and prognosis
WBC as a biomarker plays a pivotal role in both sepsis 

and survival outcomes. More specifically, T-cells have 
shown strong prognostic value in ICU patients with sep-
sis, with low T-cell levels being associated with increased 
risk of mortality. ICU patients with T-cell counts exceed-
ing 0.36 per nL exhibited nearly double the survival rate 
compared to those with lower counts [33]. It is worth 
noting that basophils serve as a superior prognostic 
predictor compared to other immune cells because their 
fluctuating levels during the ICU stay effectively predict 
28-day mortality, with low concentrations associated 
with adverse outcome, highlighting the prognostic 
value of WBC in sepsis [25,34]. Moreover, continuous 
monitoring of CRP in septic patients, particularly during 

the initial five days of antibiotic treatment, can assist 
in assessing prognosis and predicting outcomes [35]. 
Specifically, a significant CRP reduction was observed 
in survivors compared to non-survivors, with a decrease 
of 0.31 or more post-antibiotic initiation, indicating a 
favorable prognosis [36]. Thus, a substantial decrease 
in serum CRP levels often signifies the resolution of 
sepsis, providing valuable insights into the prognostic 
value of CRP in sepsis-related mortality [35,36]. Further-
more, a ferritin level of ≥591.5 ng/ml was identified as 
an independent predictor of in-hospital mortality in 
septic patients, with serum concentrations exceeding 
this threshold being associated with a 119% increase 
in the risk of in-hospital mortality [37]. Studies indicate 
that elevated ferritin levels after 24 hours are strongly 
associated with prolonged ICU length of stay (LOS) and 
hemophagocytosis, a process that may occur in sepsis 
[38]. Specifically, ferritin levels exceeding 2000 µg/L 
have been identified as a mortality predictor, also linked 
with disease severity in hospitalized patients [39]. Ad-
ditionally, high concentrations of the septic biomarker 
presepsin are directly correlated with elevated mortal-
ity rates and a significant risk of severe complications, 
including acute kidney injury (AKI), septic shock, ARDS, 
and DIC. Elevated presepsin levels at hospital admis-
sion are strongly associated with 60-day in-hospital 
mortality [40].Consequently, increased presepsin at ICU 
admission and on day 2 was predictive of AKI and the 
development of DIC, while presepsin levels measured 
on days 1-3, in conjunction with the Glasgow prognostic 
score, effectively predicted the onset of ARDS [41,12]. 
PSP demonstrated a significant interaction between 
time and sepsis presence, with a steeper increase in 
septic patients (interaction P < 0.001). The median PSP 
on admission was 162 ng/dL in sepsis patients and 74.5 
ng/dL in non-septic patients, tripling within 72 hours 
and doubling within 48 hours before sepsis became 
clinically evident [42]. Furthermore, in a prospective 
observational cohort study, PSP on admission was 

Table 3. Biomarkers for monitoring.

Biomarker Conditions AUC / Sensitivity / Specificity Stage / Clinical Context

CRP Inflammation, Sepsis Not reported Sepsis, Septic shock, ICU monitoring

WBC Inflammation, Sepsis Notreported General inflammatory response in sepsis

NLR Sepsis, SIRS Not reported Used to monitor immune trajectory in sepsis

Lactate Sepsis, Septic Shock Not reported Used in screening, therapy guidance, and sepsis 
definitions
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significantly higher in patients who were readmitted, 
with a median value of 203 ng/dL compared to 71 ng/
dL in those who were not [43,44]. PSP is also strongly 
associated with both ICU mortality and the combined 
endpoint of sepsis/septic shock. With high sensitivity 
(>85%), PSP is a valuable tool for clinicians in determin-
ing hospitalization and intensive care needs, as its levels 
can guide decisions on discharge or hospitalization fol-
lowing an IAI diagnosis [44,13]. Prognostic biomarkers 
are summarized in Table 4.

Biomarkers and therapeutic treatment
A significant public health concern is the excessive 

use of non-specific antibiotics in patients with infec-
tions of varying severity in terms of morbidity and 
clinical condition, as it leads to the development of 
resistant strains and the emergence of complications. 
The use of PCT-guided antibiotic therapy safely reduces 
antimicrobial consumption by limiting unnecessary 
or prolonged treatments. In ICU patients, PCT-guided 
therapy, including antibiotic cessation rules, signifi-
cantly shortened antibiotic duration [45]. Studies on 
respiratory tract infections and peritonitis have shown 
reduced antibiotic use without adverse outcomes. More 
specifically, in peritonitis patients, antibiotic prescrip-
tions were 72% lower with PCT, and the duration was 
one day shorter, with no difference in infection recur-
rence. PCT guidance has been effective in reducing 

antibiotic use and improving outcomes in a wide range 
of infections, including respiratory tract infections and 
sepsis [46]. By using PCT cut-offs, antibiotics can be 
withheld or discontinued when there is a level drop, 
reducing exposure and side effects while maintaining 
safety. This approach demonstrates lower mortality and 
fewer complications than standard therapy, emphasiz-
ing PCT’s value in optimizing antibiotic use [47]. Last 
but not least, SuPAR is a key biomarker for assessing 
the risk of progression to severe respiratory failure in 
COVID-19 pneumonia patients, with levels exceeding 
6 ng/mL. Early identification using SuPAR, in combi-
nation with the qSOFA score, enhances prognostic 
accuracy and enables timely therapeutic intervention 
[48]. When SuPAR levels are elevated, the likelihood of 
severe respiratory failure increases, but this risk can 
be significantly mitigated with the administration of 
anakinra, an interleukin-1 inhibitor, for 10 days based 
on suPAR levels. This approach emphasizes the critical 
role of suPAR as a therapeutic guide, aiding in the early 
management of COVID-19 progression and improving 
patient outcomes [49]. Biomarkers that guide treatment 
are summarized in Table 5.

Conclusion
Sepsis is a life-threatening condition that remains a 

persistent challenge for the medical field. The nonspe-
cific and heterogeneous symptoms, combined with the 

Table 4. Prognostic biomarkers.

Biomarker Conditions AUC / Sensitivity / Specificity Stage / Clinical Context

WBC ICU sepsis mortality Not reported ICU; General prognosis

Ferritin ICU sepsis mortality, ICU Length of Stay Not reported ≥24h post-admission

CRP Sepsis mortality Not reported First 5 days post-antibiotic initiation

PSEP Sepsis complications (AKI, DIC, ARDS, 
shock)

Not reported Admission, Days 1–3

PSP ICU mortality, septic shock, readmission, 
escalation

Sensitivity>85% Admission; rises 48–72h pre-clinical 
diagnosis

Table 5. Treatment-guiding biomarkers.

Biomarker Condition AUC / Sensitivity / Specificity Stage / Clinical Context

PCT Antibiotic treatment duration  
in bacterial infections

Not reported Respiratory infections, Peritonitis, Sepsis

suPAR Anakinra administration  
in COVID-19 patients

Not reported COVID-19, Severe respiratory failure
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lack of highly sensitive and specific diagnostic tools, 
substantially increase the risk of misdiagnosis. Septic 
biomarkers play a fundamental role in enabling early 
and accurate diagnosis, minimizing the indiscriminate 
use of antibiotics, and optimizing clinical outcomes by 
reducing morbidity and mortality rates. Despite the 
promising potential of biomarkers in sepsis, up until 
2025, no individual biomarker demonstrates adequate 
sensitivity and specificity to rule in or rule out sepsis, 
monitor the progression of the condition or determine 
appropriate treatment decisions. Thus, due to the com-
plexity of sepsis, the combination of various biomarkers 
is required to enhance medical management and cap-
ture the diverse aspects of the immunological response. 
In conclusion, there is an increasing demand for further 
research and meta-analysis of both promising emerging 
septic biomarkers and those that have not been suffi-
ciently studied, to provide more specific results, reduce 
existing limitations, and facilitate the advancement of 
more personalized and targeted therapies (Figure 3).
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