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Summary

Background: Severe traumatic brain injury (STBI) is as-
sociated with high mortality and long-term neurological
disability. Reliable circulating biomarkers reflecting glial in-
jury, neuronal damage, and systemic inflammatory activa-
tion may improve early prognostic stratification. This study
evaluated the prognostic value of serum S100B protein,
procalcitonin (PCT), and neuron-specific enolase (NSE) in
patients with STBI.

Methods: A total of 103 patients with STBI admitted be-
tween June 2021 and April 2025 were enrolled, together
with 100 age-matched healthy controls. Peripheral venous
blood was collected within 24 h after injury. Serum S100B
was determined by enzyme-linked immunosorbent assay,
PCT by chemiluminescent immunoassay, and NSE by elec-
trochemiluminescence immunoassay. Functional outcome
at 6 months was assessed using the Glasgow Outcome
Scale (GOS). Patients were categorized into favorable prog-
nosis (GOS 4-5) and poor prognosis (GOS 1-3) groups.
Receiver operating characteristic (ROC) analysis was used
to determine predictive performance.

Results: Serum concentrations of S100B, PCT, and NSE
were significantly elevated in patients with STBI compared
with healthy controls (P<0.001). Patients with poor prog-
nosis showed significantly higher levels of all three bio-
markers than those with favorable prognosis (P<0.001).
ROC analysis demonstrated good prognostic discrimination
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Kratak sadriaj

Uvod: Teska traumatska povreda mozga (TPMM) povezana
je sa visokom smrtno$¢u i dugoro¢nim neuroloskim invali-
ditetom. Pouzdani cirkuli$uéi biomarkeri koji odrazavaju gli-
jalno osteéenje, oStecenje neurona i sistemsku inflamatornu
aktivaciju mogu poboljsati ranu prognosti¢ku stratifikaciju.
Ova studija je procenila prognosti¢ku vrednost serumskog
S100B proteina, prokalcitonina (PCT) i neuronski specifi¢ne
enolaze (NSE) kod pacijenata sa TPMM.

Metode: Ukupno je uklju¢eno 103 pacijenta sa STBI prim-
lienih izmedu juna 2021. i aprila 2025. godine, zajedno
sa 100 zdravih kontrola uskladenih po starosti. Periferna
venska krv je prikupljena u roku od 24 sata nakon povre-
de. Serum S100B je odreden enzimski povezanim imu-
nosorbentnim testom, PCT hemiluminescentnim imuno-
testom i NSE elektrohemiluminescentnim imunotestom.
Funkcionalni ishod nakon 6 meseci procenjen je korisée-
njem Glazgove skale ishoda (GOS). Pacijenti su kate-
gorisani u grupe sa povoljnom prognozom (GOS 4-5)
i losom prognozom (GOS 1-3). Analiza ROC (Receiver
Operating Characteristic) je koris¢ena za odredivanje pre-
diktivnih performansi.

Rezultati: Serumske koncentracije S100B, PCT i NSE
bile su znacdajno povisene kod pacijenata sa STBI u
poredenju sa zdravim kontrolama (P<0,001). Pacijenti
sa loSom prognozom pokazali su znacajno vise nivoe
sva tri biomarkera nego oni sa povoljnom prognozom
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for S100B (AUC=0.876), PCT (AUC=0.931), and NSE
(AUC=0.981), while combined biomarker analysis yielded
the highest predictive accuracy (AUC=0.996).
Conclusion: Serum S100B, PCT, and NSE represent
complementary biomarkers reflecting blood-brain barrier
disruption, systemic inflammatory burden, and neuronal
injury in STBI. Their combined assessment provides excel-
lent prognostic performance and may serve as a practical
laboratory tool for early risk stratification and individualized
clinical management.

Keywords: severe traumatic brain injury, S100B protein,
procalcitonin, neuron-specific enolase, biomarkers, progno-
sis, clinical biochemistry, ROC analysis

Introduction

Severe Traumatic Brain Injury (STBI) is a com-
mon and critical condition in neurosurgery, charac-
terized by high incidence, high disability, and high
mortality rates. The condition is often complex with
rapid progression, leading to significant variability in
patient outcomes. Timely and accurate assessment of
patient prognosis is crucial for formulating personal-
ized treatment plans and improving patient survival
rates and quality of life (1, 2). Currently, numerous
clinical methods are used to evaluate the prognosis of
patients with severe traumatic brain injury, including
imaging examinations such as computed tomogra-
phy (CT) and magnetic resonance imaging (MRI), as
well as neurological function scores like the Glasgow
Coma Scale (GCS). However, these methods have
certain limitations. Imaging examinations primari-
ly focus on observing morphological and structur-
al changes in the brain, making it difficult to reflect
the functional status of brain tissue and the dynamic
evolution of injury severity in real-time. Neurological
function scores are subject to significant subjective in-
fluence and may exhibit a certain lag during disease
progression (3). As objective and quantitative indica-
tors, serum biomarkers have garnered widespread at-
tention in recent research on severe traumatic brain
injury (4). S100B protein is an acidic calcium-binding
protein derived from glial cells, abundantly present in
brain tissue. Following traumatic brain injury, disrup-
tion of the blood-brain barrier allows S100B protein
to be released into the bloodstream, and changes in
its serum levels can reflect the extent of brain tissue
damage. Procalcitonin (PCT) is a protein that signifi-
cantly increases in conditions such as systemic bac-
terial infections and sepsis. Patients with severe trau-
matic brain injury often have concurrent infections,
and PCT levels can be used to assess the severity of
infection and its impact on prognosis. Neuron-spe-
cific enolase (NSE) is an acidic protease specific to
neurons and neuroendocrine cells; elevated serum
NSE levels are closely associated with neuronal dam-
age and death. Dynamic monitoring of serum S100B
protein, PCT, and NSE levels is expected to compre-

(P<0,001). ROC analiza je pokazala dobru prognosti¢ku
diskriminaciju za S100B (AUC=0,876), PCT (AUC=
0,931) i NSE (AUC=0,981), dok je kombinovana
analiza biomarkera dala najve¢u prediktivnu taénost
(AUC=0,996).

Zakljuéak: Serumski S100B, PCT i NSE predstavljaju
komplementarne biomarkere koji odrazavaju poremedaj
krvno-mozdane barijere, sistemsko inflamatorno optereé
enje i neuronske povrede kod STBI. Njihova kombinovana
procena pruza odli¢cne prognosticke performanse i
moze posluziti kao prakti¢an laboratorijski alat za ranu
stratifikaciju rizika i individualizovano klini¢ko le¢enje.

Kljuéne reéi: teska traumatska povreda mozga, S100B
protein, prokalcitonin, neuronski specifi¢cna enolaza, bio-
markeri, prognoza, klini¢ka biohemija, ROC analiza

hensively reflect the degree of brain tissue damage,
infection status, and neuronal damage state in pa-
tients with severe traumatic brain injury from differ-
ent perspectives, providing a more reliable basis for
accurately predicting patient prognosis (5). This study
aims to investigate the predictive value of serum
S100B protein, PCT, and NSE for the prognosis of
patients with severe traumatic brain injury, with the
goal of informing clinical treatment decisions.

Materials and Methods
General Information

A total of 103 patients with severe traumatic
brain injury (GCS score < 8) admitted to our hospital
from June 2021 to April 2025 were selected as the
severe traumatic brain injury (STBI) group. All patients
met the diagnostic criteria for traumatic brain injury
(6). The exclusion criteria for patients were as fol-
lows: (1) history of previous traumatic brain injury or
neurosurgery; (2) pre-existing neurological disorders
(e.g., stroke, epilepsy, neurodegenerative diseases);
(3) severe systemic diseases including hepatic fail-
ure, renal failure, or malignancy; (4) active infection
or sepsis at admission; (5) use of immunosuppressive
agents or corticosteroids within the past 3 months; (6)
pregnancy or lactation; and (7) age < 18 years. This
group included 56 males and 47 females, aged 58-
75 years, with a mean age of (66.12 = 5.08) years.
Concurrently, 100 healthy individuals who underwent
physical examinations at our hospital during the same
period were selected as the healthy group. The ex-
clusion criteria for healthy controls were: (1) history
of any neurological or psychiatric disorder; (2) history
of traumatic brain injury; (3) acute or chronic infec-
tion; (4) severe cardiac, hepatic, or renal diseases;
(5) malignancy; and (6) pregnancy or lactation. This
group included 55 males and 45 females, aged 55-
70 years, with a mean age of (60.85 + 5.36) years.
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Research Methods

Serum levels of ST00B protein, PCT, and NSE
were measured and compared between the severe
traumatic brain injury (STBI) group and the healthy
group. Patients in the severe traumatic brain injury
(STBI) group were assessed six months post-injury
using the Glasgow Outcome Scale (GOS). Based on
the GOS score, patients with severe traumatic brain
injury were divided into a favorable prognosis group
(scores 4-5) and a poor prognosis group (scores 1-3).
The levels of S100B protein, PCT, and NSE were
compared between the two groups. Grouping crite-
ria: GOS score descriptions: 1 point - Death: Patient
dies due to brain injury or its complications. 2 points
- Persistent Vegetative State: Patient is unconscious
but has sleep-wake cycles, may exhibit some reflex
actions, but shows no cognitive function. 3 points -
Severe Disability: Patient is conscious but has severe
disability; requires assistance from others for daily
activities (e.g., eating, dressing) and cannot live in-
dependently. 4 points - Moderate Disability: Patient
can live independently but has disabilities in social
activities, work, etc., requiring assistance or assistive
devices. For example, they may need to adjust their
work or cannot drive. 5 points - Good Recovery: Pa-
tient can return to normal life, although there may be
minor neurological or psychological sequelae (e.g.,
mild memory problems, personality changes) that do
not affect overall independence and quality of life.

Indicator Detection Methods
S100B Protein Detection

The ELISA method was used. The specific kit
was the Human S100B ELISA Kit (Abcam, Cam-
bridge, UK). The microplate reader used was the
Multiskan FC (Thermo Fisher Scientific, Waltham,
MA, USA). Venous blood from patients with severe
traumatic brain injury was collected - at 1 day post-in-
jury. The serum was separated by centrifugation
and stored. The patient’s serum sample was added
to a microplate pre-coated with anti-S100B protein
antibody. During this process, the S100B protein in
the patient’s serum sample reacted and bound with
the anti-S100B antibody on the microplate surface.
Subsequently, an enzyme-labeled primary antibody
against S100B protein was added. After incubation
and washing to remove unbound components, TMB
chromogenic solution was added. The degree of TMB
color reaction under the corresponding enzyme ac-
tion was proportional to the amount of S100B protein
in the sample. The OD value was read at a specific
wavelength using an enzyme-linked immunosorbent
assay reader, and the S100B protein content in the
sample was calculated based on a standard curve.

PCT Detection

The immunoluminescence method was used.
The specific kit was the Elecsys BRAHMS PCT elec-
trochemiluminescence immunoassay kit (Roche Di-
agnostics, Mannheim, Germany), and the analyzer
used was the Cobas €601 immunoassay analyzer
(Roche Diagnostics). Venous blood was also collected
from patients - at 1 day post-injury, and serum was
separated. The serum specimen was placed in a reac-
tion solution containing anti-PCT antibody, allowing
the PCT in the specimen to bind and form complexes.
A secondary antibody labeled with a chemilumines-
cent substance was then bound to these complexes.
The PCT content in the specimen was determined
based on the luminescence intensity measured in a
corresponding instrument.

NSE Detection

The electrochemiluminescence immunoassay
method was used. The specific kit was the Elecsys
NSE electrochemiluminescence immunoassay kit
(Roche Diagnostics, Mannheim, Germany), and the
analyzer used was the Cobas €601 immunoassay an-
alyzer (Roche Diagnostics). Serum samples collected
at 1 day post-injury were incubated with magnetic
beads coated with anti-NSE antibody and anti-NSE
antibody labeled with a luminescent substance to
form immune complexes. Under the influence of an
electric field, the complexes were adsorbed onto the
electrode surface. The concentration of NSE in the
sample was quantitatively detected by measuring the
intensity of the luminescent signal.

Statistical Methods

Statistic Package for Social Science (SPSS) 26.0
(IBM, Armonk, NY, USA) was used for statistical
analysis. Count data were expressed as n or % and
analyzed using the 2 test. Measurement data were
expressed as (mean = standard deviation) and
analyzed using the t-test. The receiver operating
characteristic (ROC) curve was used to evaluate the
predictive efficacy of S100B, PCT, and NSE for the
prognosis of patients with traumatic brain injury. A
P-value < 0.05 was considered statistically significant.

Results

Comparison of Serum S100B Protein, PCT,
and NSE Levels Between the severe traumatic
brain injury (STBI) group and the Healthy
Group.

Serum levels of S100B protein, PCT, and NSE
in the severe traumatic brain injury (STBI) group were
significantly higher than those in the healthy group (P
< 0.05). See Table I.
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Table | Comparison of Serum S100B Protein, PCT, and NSE Levels Between the severe traumatic brain injury (STBI) group

and the Healthy Group (x=s).

Group n S100B (ng/mL) PCT (ng/L) NSE (ng/mL)
(STBI) group 103 0.86+0.22 1.26+013 26.27+3.37
Healthy Group 100 0.19+0.09 0.38+0.06 14.20+1.92
t 28.245 61.617 31.230
P P<0.001 P<0.001 P<0.001

Table 1l Serum S100B Protein, PCT, and NSE Levels in Craniocerebral Injury Patients with Different Prognoses (x=s).

Group n S1008B (ng/mL) PCT (ug/L) NSE (ng/mL)
Good Prognosis 72 1.08+014 0.82+011 16.34+1.58
Group

Poor Prognosis 3 1.34+018 1.26+0.28 22.32+2.93
Group

¢ 7.912 11.487 13.417

P P<0.001 P<0.001 P<0.001

Table 1l Predictive Efficacy of S100B, PCT, and NSE for Prognosis in Craniocerebral Injury Patients.

Asymptotic 95% Confidence Interval
Test Result Variable(s) Area Std. Error Asymptotic Sig.

Lower Bound Upper Bound
S100B (ng/mL) 0.876 0.040 P<0.001 0.798 0.955
PCT (ug/L) 0.931 0.030 P<0.001 0.872 0.989
NSE (ng/mL) 0.981 0.010 P<0.001 0.961 1.000
Combined 0.996 0.004 P<0.001 0.989 1.000
(Three markers)

ROC Curve Analysis for Prognostic Biomarkers in Severe TBI

0.8

0.6 1

0.4

Sensitivity (True Positive Rate)

Reference Line
S100B (AUC = 0.876)

0.2 1
P —— PCT (AUC = 0.931)
-~ —— NSE (AUC = 0.981)
== Combined (AUC = 0.996)
0.0 1 - . - :
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity (False Positive Rate)

Figure 1 ROC Curve for predictive efficacy of S100B, PCT, and NSE for prognosis in caniocerebral injury patients.
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Serum ST100B Protein, PCT, and NSE Levels
in Craniocerebral Injury Patients with Different
Prognoses

Serum levels of S100B protein, PCT, and NSE
in the poor prognosis group were significantly higher
than those in the good prognosis group (P < 0.05).
See Table II.

Prognostic Predictive Value of ST00B, PCT,
and NSE in Patients with Severe Traumatic
Brain Injury

S100B, PCT, NSE, and their combined detec-
tion demonstrate high prognostic predictive value in
patients severe with traumatic brain injury (P< 0.05).
See Table Il and Figure 1.

Discussion

Severe traumatic brain injury (STBI) is a major
disease that severely endangers human health.
Following STBI, the body undergoes a series of
complex changes. In the acute phase of STBI, damage
to the blood-brain barrier (BBB) occurs due to cerebral
vascular rupture and cerebral contusion/laceration
(7). The BBB normally prevents macromolecular
substances in the blood from entering the brain
tissue, maintaining homeostasis of the brain's
internal environment. After BBB damage, biomarkers
typically present in brain tissue, such as S100B
protein and NSE, enter the bloodstream, increasing
their serum concentrations. S100B is primarily
produced and secreted by neuroglial cells; under
normal conditions, serum S100B levels are very low.
Following craniocerebral trauma, injured neuroglial
cells can release large amounts of S100B into the
blood. This not only reflects the degree of glial cell
damage but also can influence intracellular signaling
pathways by binding to intracellular target proteins,
further exacerbating neuronal damage. Additionally,
S100B protein can induce inflammatory responses,
promoting the release of inflammatory cytokines and
aggravating brain edema and tissue damage. NSE
is present in neurons and neuroendocrine cells and
plays an important role in glycolysis. After neuronal
damage, cell membrane permeability increases,
allowing NSE to be released into the extracellular
fluid and enter the circulatory system through the
damaged BBB. The increased serum NSE level
reflects the extent and severity of neuronal damage
(8). PCT is a prohormone of calcitonin with no
hormonal activity. Under normal conditions, it is
synthesized and secreted by thyroid C cells, present
in extremely small amounts in serum. In patients with
severe craniocerebral trauma, the immune system is
activated due to the stress state, especially following
concurrent infection. Various cells outside the thyroid

(e.g., neuroendocrine cells in the lungs, liver, kidneys)
can also synthesize and secrete large amounts of PCT.
Elevated serum PCT not only indicates the presence
of infection but also correlates with the severity of
infection (9).

The results of this study showed that serum
levels of S100B protein, PCT, and NSE in the severe
traumatic brain injury (STBI) group were significantly
higher than those in the healthy group. Furthermore,
serum levels of ST100B protein, PCT, and NSE in the
poor prognosis group were significantly higher than
those in the good prognosis group. This trend is gen-
erally consistent with previous research findings (10,
11). Dynamic changes in S100B protein levels can
reflect the repair process of brain tissue damage.
For patients with good prognosis, a rapid decrease
in S100B protein indicates better recovery of brain
tissue damage. In patients with poor prognosis, per-
sistently elevated or slowly declining S100B protein
levels may indicate ongoing brain tissue damage, sec-
ondary brain injury such as cerebral edema, or cere-
bral infarction. Dynamic changes in PCT are related
to infection control (12). When infection is controlled,
PCT levels decrease accordingly; if infection persists
or worsens, PCT levels continue to rise. Serum NSE
reflects the degree of neuronal damage. In patients
with severe traumatic brain injury (STBI), NSE lev-
els increase post-injury, and the degree of elevation
is related to the severity of the patient’s condition.
This study found that serum NSE levels in the poor
prognosis group were significantly higher than those
in the good prognosis group. Continuously elevated
NSE suggests ongoing neuronal damage, possibly in-
volving extensive cerebral cortical damage. Dynamic
monitoring of NSE levels can help assess the patient’s
neurological recovery. In recovering patients, NSE
can gradually decrease. If NSE levels remain elevated
or increase again, it may indicate poor neurological
prognosis or new neurological injury (13). For exam-
ple, during rehabilitation after traumatic brain injury,
dynamic monitoring of NSE can assess the effective-
ness of rehabilitation treatment and allow timely ad-
justments to the treatment plan (14).

In this study, ROC curve analysis showed that
serum levels of S100B, PCT, NSE, and their com-
bined detection have high predictive efficacy for
the prognosis of patients with craniocerebral injury.
Although monitoring serum S100B protein, PCT, or
NSE individually can reflect the condition and prog-
nosis of patients with severe traumatic brain injury
(STBI) to some extent, each has limitations (15).
S100B protein primarily reflects glial cell damage and
blood-brain barrier disruption, but its assessment of
the degree of neuronal damage is less accurate. PCT
is mainly used to determine the presence of infec-
tion and has limited value in assessing brain tissue
damage itself (16). NSE primarily reflects neuronal
damage but cannot reflect glial cell damage or in-
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fection status. Combined monitoring of serum S100B
protein, PCT, and NSE allows for a comprehensive
assessment of the condition of patients with severe
traumatic brain injury (STBI) from multiple perspec-
tives (17). Integrating these three indicators can more
accurately reflect the extent of brain tissue damage,
the presence of concurrent infection, and the re-
covery of neurological function (18). For instance, if
S100B protein and NSE levels are elevated but PCT is
normal, it suggests predominant brain tissue damage
without infection. If S100B protein and NSE levels are
elevated along with significantly increased PCT levels
(19), it indicates both brain tissue damage and con-
current infection. Combined monitoring can provide
clinicians with more comprehensive and accurate in-
formation, aiding in the development of more individ-
ualized treatment plans and thus improving patient
outcomes (20).

Conclusion

In conclusion, serum S100B, procalcitonin, and
neuron-specific enolase are significantly associated
with adverse neurological outcomes in severe trau-
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