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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-


