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1 CLINICAL CHALLENGES OF SEVERE INFECTIONS

The increasing incidence of severe infections is one of the
most formidable challenges for critical care medicine, and it is
increasingly common worldwide. The epidemiology shows that
millions are admitted annually for sepsis and related morbidi-
ties, with age-dependent surges in the incidence of sepsis, and
a higher risk among elderly patients or those with comorbid
conditions [1]. Severe infections have highly variable clinical
follow-up needs. Continuous development of antibiotics and
intensive care units, along with early diagnosis and combined
targeted treatments, still plays a key role in reducing patient
mortality.

Severe infection progresses rapidly and is hard to identify, so
early recognition is critical to lowering mortality. Conventional
inflammatory markers are slow to respond although they are
relatively sensitive to stress. Blood cultures (BC) are sensitive,
and BC identification detects 50—80% of mixed infections [2,
3]. However, data from large cohorts indicate that only half of
cases are accurately diagnosed, since BC often fails to identify
low-virulence organisms [2]. Thus, the simultaneous detection
of multi-biomarkers has attracted wide research attention to
get a balance between sensitivity and specificity for optimal
diagnosis and risk stratification.
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This diagnostic challenge is particularly evident in vulnerable
populations, such as neonates and preterm infants, in whom
severe infections may progress rapidly and lead to high mortal-
ity in the neonatal intensive care unit. From a clinical perspec-
tive, early diagnosis is crucial with the requirement of simulta-
neous identification of platelet count and platelet indices to
optimize comorbid status [4]. Combined detection of multiple
biomarkers is an important means to promote early identifica-
tion of infection; however, clinical application issues remain
unsolved, such as lack of standardization, and the approach is
risk-dependent.

2 TYPES AND FUNCTIONS OF BIOMARKERS
2.1 Classification of common biomarkers

Biomarkers of severe infection may be classified based on
their origin and functions. Systemic inflammatory response is
characterized by so-called pro-inflammatory cytokines, such
as C-reactive protein (CRP), procalcitonin (PCT), and interleu-
kin (IL)-6. IL-2 and IL-6 also contribute to improved diagnosis
of bacterial infection in laboratory testing. Immune-related
biomarkers, such as IL-10 and tumor necrosis factor-o. (TNF-a),
reflect host immune shifts in sepsis; elevated IL-10 indicates
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immunosuppression and poor prognosis, whereas increased
TNF-a suggests hyperinflammation and worse outcomes [5, 6].
Infection-related organ injury is assessed with lactate and liver/
kidney function tests. All of these biomarkers can be affected
by confounding factors, so the diagnostic and prognostic effects
are complementary, warranting their combined use in clinical
practice.

2.2 Roles of various biomarkers in diagnosis

Various infection biomarkers serve distinct diagnostic roles.
Pathogen-related markers (such as PCT) identify bacterial
infections and assess severity; inflammatory or immune-relat-
ed markers indicate inflammatory and immune status; organ
function-related markers evaluate disease progression and
prognosis. Combining markers may enhance sensitivity and
support early diagnosis. However, biomarker results should be
interpreted alongside clinical conditions and individual charac-
teristics to avoid overreliance on a single marker and ensure
accurate diagnosis and treatment.

2.3 Research progress on emerging biomarkers

Emerging multi-omics technologies have revealed new bio-
markers for severe infections, including immune checkpoint
molecules, extracellular vesicle miRNAs, metabolomics, and
host transcriptomics. One candidate marker is histone H3
lysine 18 lactylation, which reflects disease severity and regu-
lates macrophage anti-inflammatory function during sepsis
through arginase-1 expression and inflammatory factors [7].
For example, extracellular vesicle-derived miRNA signatures
have shown high diagnostic accuracy for septic shock, with a
three-miRNA model (miR-100-5p, miR-148a-3p, and miR-
451a) achieving an area under the curve of 0.894 in validation
cohorts [8]. These functional biomarkers reveal immune dys-
regulation characterized by concurrent inflammation enhance-
ment and immune evasion, paving the way for early risk
stratification, prognostic assessment, and personalized ther-
apy. However, there is a lack of standardization, accompanied
by high cost and limited accessibility.

3 ADVANTAGES OF COMBINED DETECTION
3.1 Improved sensitivity and specificity

Systemic combined detection of severe infection markers
improves diagnostic sensitivity and specificity. Individually,
single biomarkers fail to detect early infections due to bio-
logical variation and comorbidities. However, multi-biomarker
evaluation offsets these limitations through complementary
effects. For example, combined detection of IL-6 and PCT
showed a sensitivity of 93.84% and a specificity of 96.72%
for severe bacterial infection [9]. Thus, combined detection
supports early diagnosis and individualized clinical decision-
making.
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3.2 Promoting the practice of individualized medicine

Multiplex detection of severe infection biomarkers reflects the
inflammatory and immune status to guide individualized med-
icine. IL-1pB, IL-6, and TNF-a are significantly elevated in sep-
sis-induced cardiomyopathy, and their combined detection
improves diagnostic and prognostic evaluation [10]. These
inflammatory factors and related parameters could be incorpo-
rated to dynamically assess infection severity and progression,
thereby guiding antimicrobial therapy, identifying high-risk
patients, and tailoring interventions, serving as a quantitative
prognostic reference.

3.3 Improving clinical decision-making and patient prog-
nosis

Multiplex detection improves the early diagnosis of deep infec-
tions, aiding risk stratification and therapy. Tracking IL-6,
PCT, and CRP identifies high-risk patients for timely treat-
ment and monitoring adjustments. No single biomarker is diag-
nostic by itself and must align with clinical data. Simultaneous
detection enhances diagnostic accuracy and enables individu-
alized management of severe infections, as shown in Figure 1.

4 RISKS OF OVER-RELIANCE ON COMBINED
DETECTION

4.1 Potential risks of misdiagnosis and missed diagnosis

These biomarkers indicate immune dysregulation involving
both inflammatory amplification and suppression, supporting
early stratification, prognostic assessment, and individualized
therapy. However, lack of standardization, high cost, limited
availability and insufficient validation restrict clinical use. Pro-
and anti-inflammatory cytokines in hypothermic sepsis are
generally low, and combined detection may fail to detect these
cytokines, increasing false negatives [11]. Ignoring history,
signs and imaging leads to misdiagnosis and mistreatment.
Thus, combination assays must be applied within the clinical
context and interpreted cautiously.

4.2 Increased healthcare costs and resource waste

Multiplex biomarker detection may improve the diagnostic sen-
sitivity for severe infections, but at a high cost. Repeated test-
ing increases expenses, prolongs hospitalization and treatment,
and consumes resources. Without specific indications, no evi-
dence shows combined detection improves outcomes; instead,
it burdens laboratories and adds cost. Hence, evaluating the
economic value and clinical necessity of multiplex biomark-
er testing is necessary for rational and sustainable clinical
management.

4.3 Risk of deviating from clinical judgment

Simultaneous evaluation of PCT, CRP, and IL-6 may improve
diagnostic and prognostic assessment in severe infection and

150


https://doi.org/10.61189/167468gjipte

Perioperative Precision Medicine 2026; 4 (2): 149-153. Song et al.
Comprehensive clinical value
1. Enhanced accuracy: Complementary multi-dimensional evidence \

+  Temporal complementarity: For example,
IL-6 (early stage) + PCT (mid-stage) + CRP
(ongoing stage) form a temporal diagnostic L6
axis. '

CRP

early stage mid-stage ongoing stage /

2.Precise risk stratification: Quantifying disease severity

FY * Dynamic monitoring of prognosis: The combined
O marker trajectory (such as the change rate of SOFA +
O .. PCT) is more capable of predicting the 28-day
Case fatality rate

Forecast
e

PCT SOFA

mortality rate than a single value.

-

#
~

3. Guide individualized treatment decisions

Identification P&
e —

Effective treatment

X

The de-escalation
strategy

Reduce
l usage

duration
CRP

\ .

Figure 1. Schematic of the comprehensive clinical value of combined biomarker detection in diagnosis and risk stratification of severe
infections. This figure visually depicts the integrated clinical value provided by the simultaneous detection of multiple biomarkers (e.g., IL-6,
PCT, CRP, lactate, and the SOFA score) for the diagnosis, risk stratification, and individualized treatment guidance of patients with severe infec-
tions. The model illustrates the synergistic nature of biomarkers applied over a continuum and at specific monitoring time points for prognostic
value and utility to guide antibiotic de-escalation therapy and assess its efficacy. IL-6, interleukin-6; PCT, procalcitonin; CRP, C-reactive protein;

Antibiotics PCT Lactate

Antibiotic management * Treatment response assessment /

SOFA, Sequential Organ Failure Assessment.

support clinical decision-making before pathogen identifica-
tion [12]. As shown in Figure 2, IL-6 increases earlier than
PCT, a bacterial infection marker. PCT and lactate require
serial monitoring with the Sequential Organ Failure Assess-
ment score to predict shock risk. However, biomarker levels
vary with age and comorbidities, and overreliance may obscure
accurate assessment and cause overtreatment. Thus, biomarker
detection should be integrated with symptoms, signs, and
imaging to guide individualized management.

S FUTURE DIRECTIONS AND PRACTICAL
RECOMMENDATIONS

Advances in molecular diagnostics and high-throughput tech-
nologies enable precise multidimensional detection of severe
infection biomarkers. Liquid biopsy, single-cell analysis, and
multiplex immunoassays jointly assess multiple biomarkers,
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improving sensitivity and specificity. Artificial intelligence and
machine learning (e.g., Light Gradient Boosting Machine,
Extreme Gradient Boosting Machine, Random Forest) show
strong predictive ability in sepsis-associated liver injury.
Stacked ensembles enhance prediction robustness for early
intervention and personalized therapy [13]. These research
findings indicate that the future application of biomarkers
should not be limited to the interpretation of a single biomarker,
but rather should combine molecular indicators with clinical
variables. Nonetheless, these emerging techniques are in need
of multi-center validation and guideline development for clini-
cal application in order to tackle issues concerning standard-
ization, cost, and practicability.

Clinically, it is often difficult to distinguish infection-related

complications solely based on traditional biomarkers. Therefore,
comprehensive analysis is particularly important. Pneumonia,
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Figure 2. Clinical value and potential risks of combined biomarker detection in severe infections. This figure illustrates the clinical signifi-
cance of multi-biomarker multi-signals (PCT, IL-6, lactate, SOFA) detection-based prediction in severe infections such as improving early diag-
nosis and dynamic monitoring and evaluating prognosis. It also highlights the potential for false negative or false positive test results in particular
patient populations like immunosuppressed patients. PCT, procalcitonin; IL-6, interleukin-6; SOFA, Sequential Organ Failure Assessment; ICU,

intensive care unit; CRP, C-reactive protein.

severe sepsis and septic shock are common complications in
patients following an out-of-hospital cardiac arrest and are
associated with high mortality. PCT and CRP provide limited
diagnostic value for infectious complications, and hence lead to
incorrect diagnoses derived from electronic medical records if
used as the sole biomarkers [14]. Integrating clinical data with
biomarker results leads to improved diagnoses and therapy.
Biomarkers should be interpreted dynamically against the
background of disease progression, comorbidities, infection
risk, imaging, microbiology and vital signs to enable compre-
hensive decision-making. Unifying interpretations may help
standardize use, reduce unnecessary interventions and facili-
tate early identification and targeted treatment of severe
infections.

In addition to diagnosis and risk prediction, biomarker-guided

strategies also have practical value in treatment monitoring and
antimicrobial stewardship. Evidence-based protocols for com-

https://doi.org/10.61189/398977gdmjky

bined biomarker assessment in severe infections should define
each biomarker’s role in diagnosis, monitoring, and treatment
evaluation. A PCT-based algorithm guiding antibiotic use in
acute pancreatitis reduced unnecessary antimicrobial expo-
sure without compromising safety [15]. Age, comorbidities,
and immune status must be considered when setting thresholds
and strategies. Overall, future efforts should not only expand
biomarker detection but also establish a clinically validated,
cost-effective, and dynamically interpretable detection strate-
gy. Through multi-center research, standardized biomarker
combinations, thresholds for different disease stages, and clini-
cal decision-making algorithms should be developed. In par-
ticular, the detection results of biomarkers should be combined
with patients’ clinical signs, imaging, microbiology, and elec-
tronic health data. Eventually, the combined detection of bio-
markers can not only be used for the early diagnosis of infec-
tious diseases, but also for risk stratification, treatment moni-
toring, and antibiotic management of severe infections.
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