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Blood-based Biomarkers of Late Recovery in 
Severe Traumatic Brain Injury

Vanessa C. Morales BS α, Kathleen F. Weaver Ph.D. σ, Caroline Schnakers Ph.D. ρ  
& Emily R. Rosario Ph.D. Ѡ

Abstract- Background: The incidence of traumatic brain injury 
(TBI) in the U.S. has been estimated at 1.7 million people each 
year and results in $60 billion in medical and productivity 
costs. A TBI can result in severe and potentially chronic 
cognitive and physical deficits. There has been an increased 
focus on the use of neurologic biomarkers for both monitoring 
progression and predicting clinical outcomes; however, the 
majority of the studies are focused on the acute phase.  

Objective: In this study, the goal was to longitudinally 
characterize biochemical correlates of neural activity up to 2 
years after injury and determine if these biomarkers correlate 
with functional outcomes.   

Methods: Participants (n=13) with severe TBI as defined by 
the Glasgow Coma Scale (< 8) who are less than 1 year from 
the time of injury were included in this study. Blood samples 
and functional outcomes (DRS and RBANS) were collected 
upon enrollment and at 3, 6, 12, 18, and 24 months following 
enrollment. Blood-based biomarkers include Neuron-Specific 
Enolase (NSE), S100 calcium-binding protein B (S100B), 
human alpha II-spectrin breakdown product SBDP145 and 120 
(SBDP145, SBDP120), and Glial fibrillary acidic protein 
(GFAP). 

Results:  A significant increase in NSE was observed over 
time, as well as a significant decrease in SBDP 145. NSE was 
also associated with an increase in cognitive abilities 
measured by the RBANS. 

Conclusion: These results represent the first step in 
longitudinally characterizing blood-based biomarkers in 
chronic TBI and beginning to understand the relationship 
between blood-based biomarkers and functional outcomes.   
Keywords: biomarker, traumatic brain injury, outcome, 
cognition, chronic. 

I. Introduction 

 traumatic brain injury (TBI) is not a one-
dimensional clinical entity but rather elicits a 
multiplicity of cellular and molecular changes in 

the brain(Nortje & Menon, 2004). The result is a dynamic 
condition, and as such, recovery from TBI is a slow and 
prolonged process. Following a TBI, individuals may 
experience chronic physical, cognitive, emotional and 
social impairments with the potential for a further decline 
in their daily lives years after their injury (Cuthbert et al., 
2015; Pretz & Dams-O'Connor, 2013; Pretz, Malec, & 
Hammond, 2013; Sandsmark, 2016). Consequently, it is  
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essential to improve the prediction of a patient’s 
prognosis specific to functional outcomes to facilitate 
the recovery process and improve long-term outcomes. 
There has been an increased focus on the use of 
neurologic biomarkers for both monitoring progression 
and predicting clinical outcomes (Agoston, Shutes-
David, & Peskind, 2017).  

To date, the majority of relevant information 
regarding the use of biomarkers to examine the 
progression of pathology caused by TBI is from the 
acute phase following injury (Yokobori et al., 2013). The 
most studied biomarkers of brain injury are the 
predominantly astrocytic-enriched proteins (i.e., S100B 
and glial fibrillary acidic protein, GFAP)(Agoston et al., 
2017; Wang et al., 2018). Serum GFAP levels peak 20 
hours after injury (Yokobori et al., 2013).  GFAP has 
been supported as a diagnostic biomarker of acute TBI 
in several other large studies, including TRACK-TBI and 
HeadSMART in a variety of different populations.  
Measuring serum levels of S100B is a useful marker of 
brain tissue fate in TBI (Asken, Sullan, DeKosky, Jaffee, 
& Bauer, 2017). This biomarker is FDA approved for TBI 
and is already helping clinicians and researchers today, 
primarily in Europe. However, its lack of specificity due 
to its presence outside the brain has limited its use in 
polytrauma; thus, this biomarker has not been widely 
used in North America. Clinicians have successfully 
implemented S100B to monitor patients to evaluate the 
need to perform a head CT in mild TBI patients and to 
detect secondary injury development, like a rise in 
intracranial pressure in brain-injured patients (Thelin, 
Johannesson, Nelson, & Bellander, 2013). 

In addition to the success of astrocytic markers 

for neuronal cell injury (neuronal-enriched marker 

neuronal specific enolase (NSE) and spectrin 

breakdown products (SBDPs) have also been shown to 

correlate with several outcome parameters (including 

age, Glasgow Coma Score, pupil reaction, or CT scan) 

obtained a few hours to 3 to 6 months after injury 

(Bohmer et al., 2011; Mondello et al., 2010; Vos et al., 

2004). NSE has been shown to correlate with severe TBI 

in the acute phase in both human and animal models. 

SBDP 120 is produced during apoptosis, while SBDP 

145 is produced due to necrosis following cell death in 

both human and animal models.  The goal of this study 

was to longitudinally characterize biochemical correlates 
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of neural activity and determine if these biomarkers 

correlate with functional outcomes.  

II.
 Methods

 

a)
 

Participants  
Participants

 
were

 
eligible

 
for

 
the

 
study

 
if
 
they

 

were
 
below

 
65

 
years

 
old,

 
had

 
suffered a severe

 
TBI

 

(GCS
 
<8)

 
within

 
the

 
past

 
year,

 
and

 
had a Rancho

 
Los

 

Amigos
 
score

 
greater

 
than

 
IV.

 
Participants were 

excluded if
 
they

 
had a diagnosis

 
other

 
than

 
TBI

 
(i.e.

 

spinal
 
cord

 
injury,

 
other

 
primary

 
neurologic

 
condition), a 

developmental disorder
 
(i.e.

 
Down

 
syndrome),

 
or a pre-

morbid
 
psychiatric

 
conditions

 
resulting

 
in

 
admission

 
to a 

hospital. Eighteen participants
 

meeting
 

the
 

above
 

inclusion
 

and exclusion criteria
 

were
 

enrolled
 

in a 
consecutive

 
sample

 
for

 
one

 
year.

 
Of

 
the

 
18

 
participants

 

enrolled, 13
 
completed

 
the

 
study

 
in

 
its

 
entirety.

 
They

 

were between 16 – 61
 
years

 
of

 
age

 
and

 
were between 2 

to
 
10

 
months

 
post-injury

 
at

 
the

 
time

 
of enrollment (Table

 

1).
 

Written
 

informed consent
 

was
 

obtained
 

for
 

all
 

participants.
 
For

 
the

 
participant

 
who

 
was

 
16

 
years

 
of

 

age,
 
assent

 
was

 
obtained

 
directly

 
from

 
the

 
participant,

 

as
 
well

 
as

 
written

 
informed

 
consent

 
from

 
the

 
mother.

 

b)
 

Study
 
Design

 

Functional
 

status
 

and
 

blood
 

samples
 

were
 

collected upon
 

enrollment
 

in
 

the
 

study
 

and
 

again
 

at
 

approximately
 

3,
 

6,
 

12,
 

18,
 

and
 

24
 

months
 

following
 

enrollment.
 

Functional
 

status
 

was
 

measured
 

with
 

the
 

Disability
 
Rating

 
Scale

 
(DRS)

 
and Repeatable Battery

 
for

 

the
 

Assessment
 

of
 

Neuropsychological
 

Status
 

(RBANS)(Randolph,
 

Tierney,
 

Mohr, & Chase,
 

1998;
 

Rappaport,
 

Hall,
 

Hopkins,
 

Belleza, & Cope,
 

1982). A 
quantitative

 
sandwich

 
enzyme

 
immunoassay

 
(ELISA)

 

technique
 

was used to
 

analyze
 

serum
 

levels
 

of
 

NSE
 

(R&D
 

Systems),
 

S100B
 

(Millipore),
 

SBDP145
 

(MyBioSource),
 

SBDP120
 

(MyBioSource),
 

and
 

GFAP
 

(Millipore).
 

Samples
 

for each participant
 

were
 

run
 

in
 

duplicate
 

on
 

the
 

same
 

plate.
 

Protein
 

levels
 

were
 

determined
 

based
 

on
 

the
 

standard
 

curve
 

using
 

the
 

average
 
of

 
the

 
duplicate

 
values.

 
All

 
research

 
was

 
done

 

in
 
accordance

 
with

 
required

 
ethical

 
standards

 
for

 
human

 

subject’s
 
research.

 

c)
 

Data
 
Analysis

 

Blood-based
 

biomarkers regressed against
 

time
 

since
 

injury,
 

RBANS,
 

and
 

the
 

DRS
 

using
 

linear
 

mixed-effects
 

(LME)
 

analyses
 

customized
 

for
 

longitudinal
 
data

 
(Bernal-Rusiel,

 
Greve, et al.

 
2012).

 
The

 

longitudinal
 

LME
 

analysis
 

has
 

the
 

advantages
 

of
 

properly
 

handling
 

covariance
 

among
 

repeated
 

measures
 
as

 
well

 
as

 
differences

 
across

 
patients

 
in a 

number
 

of
 

repeated
 

measures
 

and
 

time
 

intervals
 

between them.
 
Each

 
LME

 
model

 
also

 
controlled

 
for

 
time

 

since
 
injury

 
and

 
severity

 
of

 
the

 
injury.

 
  

III. Results 

Using protein-specific sandwich ELISAs, we 

were able to detect levels of NSE (1.6 – 11.75 ng/ml), 

SBDP 145 (0.38 – 11.0 ng/ml), and S100B (0.46 – 420.0 

pg/ml) in serum from chronic TBI patients over time. 

GFAP was only detected in 4 participants with levels 

from 0.12 to 6.38ng/ml. SBDP 120 was detected in 2 
patients with a range from 0.33 to 7.58 ng/ml. Due to the 

low levels of detection of these blood-based 

biomarkers, they were not included in further analysis.  
Initial exploration of time from injury for a 

sample N = 13 participants using a LME model found a 
significant increase in NSE (F = 18.511, p = 0.001; 

Figure 1) and a significant decrease in SBDP 145 (F = 
14.623, p = 0.003; Figure 2) over time. No significant 

effect was observed for S100B. 

When we looked at functional status and blood-
based biomarkers a significant effect was observed 

between increasing NSE levels and higher levels on 

RBANS (F = 18.088, p = 0.002). We did not observe 

any other relationships with RBANS or the DRS and the 

blood-based biomarkers. 

IV. Conclusion 

In this study, we characterized five potential 

blood-based biomarkers for the chronic phase after TBI. 

Although the majority of research focuses the acute 

phase following brain injury, where potential biomarkers 

will return to baseline following the injury, we know that 

the effects of a brain injury are chronic and may persist 

for years after injury. Therefore, it is important to 

understand what neural markers are present in this 

phase and if they correlate with recovery. Data collection 

started at 2 – 10 months following a TBI and continued 

for two years. Of the five blood-based biomarkers that 

we chose to examine in chronic TBI, only three, NSE, 

SBDP145, and S100B, were consistently detected in our 

population. We observed significant changes in NSE 

and SBDP 145 with time since injury. Specifically, NSE 

increased over time, while SBDP 145 decreased with 

time. When we looked more closely at when this effect 

was taking place, we observed that the increase in NSE 

appeared to occur after one year following injury. NSE 

was also correlated with RBANS suggesting that the 

increase in NSE may be related to improvement in 

cognitive function. 

Previous research has shown that GFAP and 

S100B, both astroglial markers, collected in the acute 

phase of injury correlate with injury severity, CT findings, 

and strongly predicted mortality and poor outcomes 3 
and 6 months after injury(Metting, Wilczak, Rodiger, 

Schaaf, & van der Naalt, 2012; Pelinka et al., 2004; Vos 

et al., 2010). Astroglial activation and gliosis in response 

to neurodegeneration may underlie another mechanism 

with which GFAP could be a useful predictor in chronic 
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TBI. Interestingly, in this study, we were unable to detect 
GFAP in all participants suggesting that is may not be a 
reliable marker in chronic TBI. We did detect S100B; 
however, we did not observe any changes over time. 
Previous studies have suggested S100B may be most 
effective following mild brain injury (Metting et al., 2012; 
Mondello et al., 2012).  

NSE, a glycolytic enzyme that is released into 

the extracellular space following neuronal injury and 

damage, has also been shown to be a good predictor of 

injury(Agoston et al., 2017; Bohmer et al., 2011). Our 

results show elevated NSE with time and a correlation 

with cognitive function. Thus, NSE in chronic TBI does 

not appear to be representing cell death as it does in 

the acute phase following injury. However, NSE is 

expressed in erythrocytes and thus lacks neuronal 

specificity, potentially limiting its ability as a predictive 

biomarker for TBI(Agoston et al., 2017). Calpain and 

Caspase SBDPs, which are markers for cell death, also 

appears to have potential prognostic and diagnostic 

utility(Mondello et al., 2010; Yokobori et al., 2013). In this 

study, we found that SBDP 145 decreased with time but 

did not correlate with functional outcomes. We were not 

able to reliably detect SBDP120.  
Taken

 
together, these results

 
mark

 
the

 
first-time

 

biomarkers
 
have been evaluated repeatedly through a 

prolonged
 

period
 
in

 
TBI

 
patients.

 
However,

 
there

 
are

 

limitations
 

with
 

this
 

study,
 

such
 

as
 

the
 

small
 

sample
 

size,
 

severity
 

level
 

(only
 

severe
 

TBI
 

patients
 

were
 

included),
 

and
 

variability
 

in
 

time
 

from
 

injury
 

upon
 

enrollment that
 
limits

 
the

 
conclusions

 
that

 
can

 
be

 
made.

 

These
 
findings

 
will

 
also

 
benefit

 
from a control

 
group

 
to

 

determine
 

if
 

the
 

changes
 

in
 

these
 

blood-based
 

biomarkers
 

are
 

specific
 

to
 

TBI.
 

Finally,
 

there
 

is
 

the
 

possibility
 

that
 

the
 

sensitivity
 

of
 

the
 

markers
 

may
 

be
 

contributing
 

to
 

the
 

results,
 

for example, detection
 

of
 

noise
 
versus

 
real

 
signal.

 
However,

 
based

 
on

 
the

 
assay 

specifications,
 
the

 
protein levels we

 
measured

 
do

 
fall

 
in

 

the
 
middle

 
of

 
the

 
detectable

 
range

 
and

 
are

 
not

 
near

 
the

 

limits
 
of

 
detection

 
in

 
either

 
direction

 
(i.e.,

 
too

 
high

 
or

 
too

 

low).  
Treatment

 
of

 
TBI

 
as a chronic

 
condition

 
is

 

complicated
 
because

 
the

 
symptoms

 
and

 
clinical needs 

of
 

patients
 

vary
 

significantly between individuals
 

and
 

evolve.
 

Through
 

future
 

studies,
 

we
 

aim
 

to
 

establish
 

patterns
 
of

 
brain

 
activity

 
(MRI,

 
EEG,

 
blood-based

 
neural

 

markers)
 

that
 

can
 

be
 

associated
 

with
 

specific
 

characteristics
 

such
 

as
 

age,
 

gender, presence or
 

absence
 
of

 
neurological

 
injury,

 
and level of

 
performance

 

on
 
functional

 
tasks.

 
Examining

 
pathological

 
markers

 
for

 

neurodegeneration
 
such

 
as

 
amyloid

 
deposition

 
and

 
tau

 

phosphorylation
 

have been shown
 

following
 

TBI
 

and
 

chronic traumatic
 
encephalopathy,

 
this

 
is

 
an

 
area

 
we

 
will

 

expand our
 
investigation

 
for

 
chronic

 
TBI.

 
Ultimately,

 
we

 

believe
 
that

 
these

 
blood-based biomarkers

 
can

 
be

 
used

 

to
 

predict
 

patient
 

prognosis,
 

evaluate
 

the
 

efficacy
 

of
 

therapeutic interventions, and develop adaptable 
personalized treatment plans that can be optimized for 
individuals with neurological deficits. 
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Table 1: Demographics 

Age (mean) 35.5 (+ 15.2) years 

        (range) 16 – 61 years 
Gender 70% Male / 30% Female 
Cause of Injury 31% Motor Vehicle Accident 

 

27% Motorcycle accident 
27% Bicycle accidents 
15% falls / pedestrian accidents / sports injury / assaults 

Time from Injury (mean) 5.5 (+ 2.1) months 
                               
(range) 2.6 – 10.4 months 

1.  
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Figure 1: Data show the mean of NSE levels at 6 time points (enrollment, 3, 6, 12, 18, 24 months following
enrollment) following TBI. A significant increase was observed with the increase appearing greatest after 1 year (F = 

18.511, p = 0.001).

Figure 2: Data show the mean of SBDP145 levels at 6 time points (enrollment, 3, 6, 12, 18, 24 months following
enrollment) following TBI. A significant decrease in SBDP 145 was observed over time (F = 14.623, p = 0.003).
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