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Quantification of Tau-A in serum after brain injury: a comparison of two analytical 
platforms, ELISA and electrochemiluminescence immunoassay
Ourania Tzaraa,b, Sofie Amalie Simonsenc, Anders Sode West c, Morten Asser Karsdala, Helle Klingenberg Iversen c,d, 
and Kim Henriksena

aNeurodegenerative Diseases, Nordic Bioscience Biomarkers & Research, Herlev, Denmark; bDepartment of Biotechnology and Biomedicine, Technical 
University of Denmark, Kgs, Lyngby, Denmark; cDepartment of Neurology, Clinical Stroke Research Unit, Rigshospitalet, Denmark; dFaculty of Health 
and Medical Sciences, University of Copenhagen, Copenhagen, Denmark

ABSTRACT
Background: Previous studies have indicated the utility of the ADAM10-generated fragment of tau, Tau- 
A, as marker of neuronal damage. However, the sensitivity of the ELISA-based system was limited.
Objectives: We utilized the extensive dynamic range of electrochemiluminescence compared to colori-
metric assessment to improve the sensitivity of the Tau-A assay and investigate Tau-A levels after brain 
injury.
Methods: We converted the Tau-A competitive ELISA to a competitive electrochemiluminescence-based 
immunoassay, Tau-A ECLIA, and compared the methods by measuring serum samples in a TBI (n = 40) and 
a stroke cohort (n = 64).
Results: The Tau-A ECLIA was technically robust. Only 1% of the samples was below the detection limit in 
the ECLIA compared to 10.6% in the ELISA . Tau-A measured in both assays could discriminate between 
patients with a TBI and non-trauma controls (ELISA: p = 0.0005, ECLIA: p = 0.0002). The increased dynamic 
range of the Tau-A ECLIA also allowed discrimination between healthy controls from patients with 
hemorrhagic (p = 0.0172) and severe ischemic stroke (p = 0.0118) respectively, as well as patients with 
mild ischemic stroke from severe (p = 0.0445).
Conclusions: The Tau-A ECLIA was characterized by dynamic range compared to the ELISA, which 
facilitated a better separation between the patient groups. Tau-A warrants further investigation as 
a neuronal injury associated marker.
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Introduction

Within the field of brain diseases, extensive research has 
been conducted on the discovery and validation of novel 
blood-based biomarkers. Biomarkers are valuable tools for 
the diagnosis of a disease and may contribute significantly 
in the assessment of clinical outcome (1). Blood-based 
biomarkers in neurological disorders represent the alterna-
tive to cerebrospinal fluid (CSF) and neuroimaging biomar-
kers. They are characterized as cost- and time-efficient, less 
invasive and more widely applicable in the pre-hospital 
setting (2).

Due to the blood–brain barrier (BBB), transport of 
large molecules between the brain and the periphery is 
restricted (3). Due to their smaller size, protease-cleaved 
fragments may pass the BBB more readily, and thereby be 
present in the peripheral circulation, reflecting 
a pathophysiological process taking place in the brain 
(4). Under diseased states, disruption of the BBB occurs 
and permeability to molecules might be increased (5–7). 
Overall, highly sensitive systems are needed for the detec-
tion in blood of soluble brain-derived biomarkers, com-
pensating for the lower availability of these proteins/ 
fragments in the periphery.

Traumatic brain injury (TBI) and stroke are forms of 
acquired brain injury that represents one of the leading causes 
of death and disability in adults (8). Stroke mostly affects the 
elderly population while the incidence of TBI extends to all age 
groups (5). Several peripheral markers have been identified as 
potential biomarkers in TBI (reviewed in (9,10)) and stroke 
(reviewed in (11)). The microtubule-associated protein tau 
which in the human adult brain can be found in six main 
isoforms (12) and its modifications have been proposed as 
markers of neuronal injury associated with neurodegeneration 
(13). The zinc metalloprotease, a disintegrin and metallopro-
tease 10 (ADAM10), has been identified as the responsible 
enzyme for cleavage of tau at A152-T153 (tau 441 isoform) 
generating a C-terminal fragment, the Tau-A (14).

Different forms of tau, full-length tau and fragments, have 
been reported to cross the BBB (15). Serological Tau-A levels 
were measured by standard competitive ELISA in studies asso-
ciated with brain pathologies such as Alzheimer’s disease 
(14,16,17), TBI (18) and brain injury due to cardiac arrest 
(19), showing that tau undergoes proteolysis in response to 
brain damage. The generated Tau-A fragment can be detected 
in the peripheral circulation and its levels appear to be altered 
in association with disease. In a large prospective cohort of 
women, Tau-A was determined in serum and baseline Tau-A 
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levels were associated with the risk of incident of dementia 
(20). However, in this study, it also became apparent that the 
sensitivity of the Tau-A ELISA was limited, as only 32% of the 
samples were measured above the calculated lower limit of 
quantification (LLOQ) (20). This finding underscored the 
need for increasing the sensitivity of the Tau-A detection 
system (21).

In order to advance and optimize the sensitivity of our Tau- 
A detection system, we converted the standard competitive 
Tau-A ELISA (14) to a competitive electrochemiluminescence 
(ECL)-based assay using the Meso Scale Discovery (MSD) 
platform.

In this study we report the development and validation of 
the Tau-A electrochemiluminescence immunoassay (ECLIA) 
for measurement of Tau-A in serum. Here we investigate 
whether increasing the sensitivity of the Tau-A detection sys-
tem through conversion into an ECLIA system provide bene-
fits, not only in the form of increased sensitivity, but also in the 
ability to distinguish various forms of brain injury.

Materials and methods

Reagents and peptides

All chemicals were purchased from Merck (Kenilworth, NJ, 
USA) and Sigma-Aldrich (St. Louis, MO, USA). MSD GOLD 96- 
well Streptavidin SECTOR Plates, MSD Read Buffer T (4x), 
SULFO-TAG labeled goat anti-mouse IgG and QuickPlex SQ 
120 system containing the MESO QuickPlex SQ 120 Imager and 
MSD DISCOVERY WORKBENCH software were acquired 
from Meso Scale Diagnostics, LLC (Rockville, MD, USA).

ELISA and ECLIA methodology

A mouse monoclonal antibody raised against the linear 
sequence of tau that follows the ADAM10 cleavage site at 
Ala152 (tau441 isoform), recognizing the 10 amino acid 
sequence TPRGAAPPGQ previously used in the Tau-A 
ELISA (14), was now used for the development of the Tau-A 
ECLIA. The Tau-A ELISA methodology was as previously 
described (14) and the calculated LLOD was 3.1 ng/ml.

The Tau-A ECLIA was established using the Tau-A ELISA 
reagents and transferred onto the MSD platform (Meso Scale 
Diagnostics, LLC, Rockville, MD, USA). Preliminary checker-
board analyses were performed in order to optimize the experi-
mental conditions including incubation periods, temperature, 
shaking speed and concentrations of the peptides and antibo-
dies. Clinical samples were diluted 1 + 2 with incubation buffer 
prior to analysis for both assays.

Technical validation of Tau-A ECLIA

A partial technical validation was performed for the Tau-A 
ECLIA. The specificity of the mouse monoclonal antibody 
toward the cleavage site was reported previously (14). To inves-
tigate the precision of the ECL-based assay, seven samples, two 
controls containing spiked peptide in incubation buffer at two 
concentrations and five human serum samples diluted 1 + 2 with 
incubation buffer were analyzed in duplicates in ten independent 

runs. The intra-assay coefficient of variation (%CV) was calcu-
lated as the mean %CV within plates and the inter-assay varia-
tion as the mean %CV between plates. The assay’s sensitivity and 
range were assessed by testing across the ten independent runs. 
The lower and upper limit of detection, LLOD and ULOD, 
respectively, were determined by the MSD software on each of 
the ten analyzed plates and the mean value was calculated. The 
LLOD was determined as the calculated concentration based on 
a signal of 2.5 standard deviations above the blank. The ULOD 
was calculated as a concentration based on a signal of 2.5 
standard deviations below the highest standard. A dilution lin-
earity experiment was performed including testing of five human 
serum samples diluted serially 1 + 2, 1 + 3, 1 + 4, 1 + 5 in 
incubation buffer. Samples were analyzed in duplicates in the 
same run and compensated for the respective dilution factor. % 
Recovery from the optimal dilution (1 + 2) was calculated and 
acceptance range for the recovery was set as 80–120%.

Serum samples

Samples included in the TBI cohort (n = 40) were purchased 
from a commercial vendor (National BioService LLC, Russia). 
Samples’ engagement to ethic rules and approval for use in 
research were managed by the vendor. All study participants 
were Caucasians with no prior diagnosis for any cognitive 
disorder. The cause of TBI varied between the participants 
and the Glasgow Coma Scale (GCS) classification system was 
used for assessing the severity of the TBI. Blood sampling was 
performed within the first 24 hours after the injury. Upon 
receipt samples were aliquoted and stored at −80 °C.

Samples in the stroke cohort (n = 64) is from the Clinical 
Stroke Research Unit Biobank (Department of neurology, 
Rigshospitalet, Copenhagen University Hospital, Denmark). All 
patients gave written informed consent to donate blood to future 
research and use in this study has been approved by the Ethics 
Committee of the Capital Region of Denmark (H-15021321) and 
the data-protecting agency (RH-2017-54; IT suite nr. 05293). 
Blood samples were all taken in the morning after an overnight 
fast while the patients were hospitalized at the acute stroke unit, 
most within seven days from the index stroke. All patients were 
over the age of 18 with clinically and CT/MR verified hemorrhagic 
or ischemic stroke. The stroke severity (neurological status) was 
rated with the National Institute of Health Stroke Scale (NIHSS) 
and the degree of disability or dependence in daily activities 
(functional status) with the modified Rankin Scale (mRS). 
Patients were divided into three groups: hemorrhagic stroke, 
mild ischemic (NIHSS 0–1) and severe ischemic stroke (NIHSS 
8–29). All patients but one (Asian) were Caucasians. The Clinical 
Stroke Research Biobank has also provided samples from healthy 
age-matched persons used as controls. Samples were all stored at 
−80 °C immediately after the initial centrifugation and pipetting.

Statistical analysis

The statistical analysis of the data was carried out with 
GraphPad Prism, version 8.2.0 (GraphPad Software, San 
Diego, CA, USA). Data from both cohorts did not pass the 
D’Agostino – Pearson normality test, therefore non-parametric 
analysis was performed. Data were expressed as mean with 95% 
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confidence interval (CI), unless indicated differently. Mann– 
Whitney test was used for comparing the Tau-A ELISA and 
ECLIA measurements between patients with a TBI and non- 
trauma controls. For the analysis of the Tau-A measurements 
in the stroke cohort, in both assays, the Kruskal–Wallis test 
with Dunn’s multiple comparison test was used. Mann– 
Whitney test was used for investigating the relationship of 
the biomarker to the degree of disability or dependence in 
the daily activities based on the mRS score. Correlations of 
Tau-A levels to NIHSS and mRS scores were assessed using 
Spearman’s correlation test. The association between the Tau- 
A measurements between the two platforms was carried out by 
performing Spearman’s correlation analysis. Receiver- 
operating characteristic (ROC) curve analysis was performed 
in the stroke study to evaluate the diagnostic ability of serum 
Tau-A. Statistical significance was defined as p ≤ 0.05.

Results

Technical validation of Tau-A ECLIA

The technical performance of the Tau-A ECLIA is summarized 
in Table 1. The Tau-A monoclonal antibody was used for the 
development of the Tau-A ECLIA. To examine the reproduci-
bility and repeatability of the assay, the mean intra- and inter- 
assay coefficient of variations were assessed in ten independent 
runs. The intra-plate calculated concentration %CV was 6.5 and 
the inter-plate calculated concentration %CV was 8.4. The mean 
%CV of the standards across the runs was 4.8% indicating very 
low variation. The mean LLOD was 2.7 ng/ml and the mean 
ULOD was 502.8 ng/ml. The average percent recovery relative to 
the optimal sample dilution (1 + 2 with incubation buffer) was 
calculated to be 88.8%. Tau-A in TBI

All Tau-A ECLIA determinations were above the respective 
LLOD, while 7 out of 40 (17.5%) ELISA determinations were 
below the LLOD and therefore they were assigned the respec-
tive LLOD value. The range of the measured values in the 
ELISA was 9.3 ng/ml to 99.69 ng/ml and in the ECLIA 
11.8 ng/ml – 191.43 ng/ml, supporting that the ECLIA had 
a better dynamic range and an improved sensitivity compared 
to the ELISA.

With respect to ability to separate patient groups, the Tau-A 
levels were determined in patients with a TBI (n = 20) and non- 
trauma controls (n = 20), in both the Tau-A ELISA and the 
Tau-A ECLIA, in order to investigate the potential of the 
biomarker in TBI diagnosis and compare the results obtained 
from the two assays. The clinical characteristics of the partici-
pants and the levels of the biomarker are shown in Table 2.

ELISA results showed that serum Tau-A levels were increased 
in patients with a TBI (49.41 ng/ml, 95%CI = 34.76–64.09) 
compared to non-trauma controls (16.87 ng/ml, 95% 
CI = 12.32–21.42) (Figure 1a, p = 0.0005). When samples were 
measured in the Tau-A ECLIA, the difference between the 
groups was similar (Figure 1b, p = 0.0002), albeit with all samples 
within the measurement range.

Tau-A in stroke

To further expand the understanding of the utility of a more 
sensitive detection system for Tau-A in serum, we measured 
Tau-A in a cohort including 64 participants equally divided in 
four groups: patients after hemorrhagic stroke and patients 
after mild and severe ischemic stroke respectively, as well as 
age-matched healthy controls. The demographics of the parti-
cipants are summarized in Table 3.

Table 1. Technical performance of Tau-A ECLIA.

Parameter Tau-A ECLIA

Intra-assay variation between duplicates, %CV 6.5
Inter-assay variation between plates, %CV 8.4
LLOD (range), ng/ml 2.7 (0.7–5.7)
ULOD (range), ng/ml 502.8 (470–541)
Dilution Recovery, % 88.8

Data are reported as mean. LLOD: lower limit of detection; ULOD: upper limit of 
detection

Table 2. Clinical characteristics and Tau-A levels in the TBI study population.

Patients with a TBIn = 20 Non-trauma controlsn = 20

Median age (range) 51 (28–63) 49 (25–67)
Gender, % female 65% 65%

TBI severity (GCS)
Mild (13–15) 18 -
Moderate (9–12) 2 -

Tau-A ELISA, ng/ml
Mean (95%CI) 49.41 (34.76–64.09) 16.87 (12.32–21.42)

Tau-A ECLIA, ng/ml
Mean (95%CI) 121.1 (96.36–145.8) 57.74 (45.89–69.59)

TBI: Traumatic brain injury; GCS: Glasgow Coma Scale

Figure 1. Tau-A in patients with a TBI and non-trauma controls. (a) Tau-A measurements on the ELISA platform (p = 0.0005). In the Tau-A ELISA, 7 samples were 
measured below the LLOD and were assigned the LLOD value for the ELISA, which after adjusting for dilution was 9.3 ng/ml. (b) Tau-A measurements on the MSD 
platform (p = 0.0002). All values were above the LLOD. Data are presented as mean±95%CI.
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Samples were measured in both assays, which allowed 
a comparison between the two versions of the assay 
(Table 4). In the Tau-A ELISA no discrimination between 
the groups was observed (Figure 2a). Using ROC analysis, 
an AUC of 0.73 (p = 0.0262) for discrimination between 
patients with severe ischemia and healthy controls was 
found.

Using the Tau-A ECLIA showed broader distribution of 
samples’ measurements and better separation between the 
groups. Tau-A ECLIA results could discriminate healthy con-
trols from patients after hemorrhagic and severe ischemic 
stroke (p = 0.0172 and p = 0.0118, respectively) (Figure 2b). 
Patients after severe ischemic stroke had significantly higher 
Tau-A levels compared to patients with mild ischemia 
(Figure 2b, p = 0.0445). Investigating the diagnostic power 
(AUC) of the biomarker in discriminating between the con-
trols and the patient groups as well as between the different 
types of stroke showed good capacity of Tau-A as diagnostic 
biomarker (Table 4).

We analyzed Tau-A levels, determined in both assays, in 
groups of patients with high and low degree of disability or 
dependence in the daily activities based on dichotomizing the 
mRS score at 3 (23). Tau-A ELISA determinations could not 
discriminate between high and low degree of disability or 

dependence in the daily activities (Figure 2c), while Tau-A 
ECLIA results showed a statistically significant difference 
allowing separation between the groups (Figure 2d).

Moreover, the relevance of the biomarker measured in the ECL 
assay to the clinical measurements appeared to be stronger com-
pared to the ELISA’s determinations. Spearman’s correlation ana-
lysis was performed for testing the associations between Tau-A 
levels and NIHSS (Table 4) and mRS (Figure 2e–f) scores. 
Correlation to NIHSS score was very low irrespective of assay 
type. We found a low but significant correlation between the mRS 
score and ECLIA Tau-A levels (rs = 0.48, p = 0.006, Figure 2f).

Correlations between ELISA and ECLIA measurements

Serum Tau-A measurements on the two platforms were very 
highly correlated in the TBI cohort (Figure 3a, rs = 0.92, 
p < 0.0001). For the stroke cohort, the relation was less strong 
albeit significant (Figure 3b, rs = 0.53, p < 0.0001).

Discussion

The Tau-A fragment, an ADAM10-generated fragment of tau, 
has been previously reported in association with different types 
of brain damage (14,16–19), although the sensitivity of the 

Table 3. Clinical characteristics of the stroke study population.

Healthy controls 
n = 16

Hemorrhagic stroke 
n = 16

Mild ischemic stroke 
n = 16

Severe ischemic stroke 
n = 16

Median age (range) 66.5 (52–73) 65.5 (56–85) 69.5 (47–85) 68 (22–86)
Gender, % female 56.25% 31.25% 31.25% 50%
Median BMI (range), N/A 25.2 (18.9–28.1), - 26.9 (21.3–42.0), 2 28.8 (19.0–41.5), - 29.1 (20.2–37.6), 1
Stroke characteristics
NIHSS - 3.9 (±3.6) 0.9 (±0.5) 12.7 (±5.3)
mRS - 2.9 (±1.2) 1.1 (±0.8) 4.1 (±1.0)

Data for stroke characteristics are presented as mean (±Standard deviation). BMI: body mass index; mRS: modified Rankin Scale; NIHSS: National Institute of Health 
Stroke Scale; N/A: not available

Table 4. Tau-A results in ELISA and ECLIA in the stroke cohort.

ELISA ECLIA

Healthy controls (HC) (n = 16)

Mean (95%CI), ng/ml 31.78 (26.00–37.55) 43.74 (31.46–56.02)
Hemorrhagic stroke (HS) (n = 16)
Mean (95%CI), ng/ml 43.63 (28.24–59.02) 92.31 (64.26–120.4)
Mild, ischemic stroke (IS) (n = 16)
Mean (95%CI), ng/ml 36.33 (20.74–51.93) 55.67 (28.45–82.90)
Severe, ischemic stroke (IS) (n = 16)
Mean (95%CI), ng/ml 48.42 (33.27–63.57) 89.41 (65.11–113.7)
Correlation to NIHSS
Spearman r and p 0.23, p = 0.1131 0.31, p = 0.0328
Correlation to mRS
Spearman r and p 0.29, p = 0.0460 0.48, p = 0.0060
ROC analysis AUC 95%CI AUC 95%CI
Healthy vs hemorrhagic stroke 0.62 0.41–0.83 0.82** 0.67–0.97
Healthy vs mild ischemic stroke 0.57 0.36–0.78 0.52 0.30–0.73
Healthy vs severe ischemic stroke 0.73* 0.54–0.92 0.83** 0.67–0.99
Hemorrhagic vs mild ischemic stroke 0.59 0.38–0.80 0.75* 0.58–0.92
Hemorrhagic vs severe ischemic stroke 0.55 0.34–0.76 0.51 0.30–0.72
Mild vs severe ischemic stroke 0.68 0.48–0.87 0.76* 0.59–0.93
Spearman r and p for correlation between ELISA and ECLIA
ECLIA 0.53, p < 0.0001 -

AUC values with statistical significance are in bold and underlined. Statistical significance (*p < 0.05; **p < 0.01). NIHSS: National Institute of Health Stroke Scale; mRS: 
modified Rankin Scale

BRAIN INJURY 795



system was limited. In the current study, we focused on inves-
tigating the serological changes of the Tau-A biomarker after 
acute brain injury by measuring Tau-A in a cohort including 
patients with traumatic brain injury and in a second cohort 
involving patients after stroke. We present data from an elec-
trochemiluminescence-based version of Tau-A (14), called the 
Tau-A ECLIA, and and compared its performance to the 
classical Tau-A ELISA. In the comparison, we showed that 
Tau-A ECLIA had increased sensitivity in the low range of 
the assay and provided a broader distribution of the sample 

measurements across the measurement range. Hence, better 
separation between groups was achieved and results with 
greater clinical significance were obtained. Our results place 
Tau-A as a candidate marker associated with different types of 
brain injury.

For the development of the Tau-A ECLIA we applied the 
same monoclonal antibody as in the Tau-A ELISA (14). The 
assay was transferred from the conventional colorimetric 
ELISA detection platform to the electrochemiluminescence 
MSD platform, which is normally characterized by higher 

Figure 2. Serum Tau-A levels in the stroke cohort and evaluation of the association between Tau-A levels and mRS as a measure of degree of disability or dependence in 
the daily activities. (a) Tau-A ELISA measurements could not discriminate between the groups. Four samples were measured below the LLOD; hence, they were assigned 
the LLOD value (9.3 ng/ml after adjusting for dilution). (b) Tau-A measured in ECLIA. Healthy controls differed from patients with hemorrhagic stroke and severe 
ischemic stroke (p = 0.0172 and p = 0.0118, respectively). Patients with mild ischemic stroke had decreased serum Tau-A levels compared to patients with severe 
ischemic stroke (p = 0.0445). One sample was below the detection range and was assigned the LLOD value (8.1 ng/ml after adjusting for dilution). (c) Tau-A ELISA levels 
could not discriminate between high or low degree of disability based on the mRS. (d) Tau-A ECLIA determinations could separate the patients with high or low degree 
of disability (p = 0.0115). Data are presented as mean±95%CI. (Little linear correlation between Tau-A ELISA levels and mRS score was observed (rs = 0.29, p = 0.0460). f: 
Correlation of mRS to Tau-A ECLIA levels was moderate (rs = 0.48, p = 0.0060). The best-fit lines with linear regression with 95% confidence bands are indicated.
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sensitivity and larger dynamic range (22). The ECL assay 
exhibited good technical performance regarding reproducibil-
ity, repeatability, and precision, showing that the assay was 
technically robust and suitable for analysis of clinical samples.

Limits of detection (LLOD-ULOD) were established for the 
newly developed ECLIA. The detection limit was only margin-
ally improved; however, Tau-A ECLIA displayed higher capa-
city to accurately detect and measure samples in the lower 
range of the assay indicating a higher functional sensitivity. 
Sensitivity issues have been a challenge in the past, when Tau- 
A ELISA was used for determining Tau-A levels in serum in 
a large-scale population study (20).

In the TBI cohort, the correlation between ELISA and 
ECLIA measurements was very high. The association was less 
strong in the stroke cohort albeit significant, a finding that 
remains to be clarified. In another study from Kuhle and 
colleagues, neurofilament light chain was measured in blood 
across different platforms by using the same pair of monoclo-
nal antibodies and a low correlation has been reported between 
ELISA and ECLIA results (24). Several technical shortcomings 
of an assay along with sample collection and handling influ-
ence correlation results. It is worth noting that in this study, the 
two cohorts were independent, and samples were collected and 
handled at different clinical sites; however, overall the data 
from the two cohorts were supportive of each other.

Investigating serum Tau-A levels in a small cross-sectional 
cohort including patients with a TBI and non-trauma controls 
revealed a significant increase in the levels of the biomarker after 
a TBI. Although the absolute measurements obtained from the 
two assays differed, with higher absolute determinations in the 
Tau-A ECLIA, no difference regarding the clinical relationship 
of the biomarker was observed. However, all the samples were 
measured above the LLOD in the Tau-A ECLIA. In other studies 
of acute brain injury, serum Tau-A has been reported to increase 
over time after cardiac arrest, with a peak at 48 h after admission 
of the patients to the hospital (19), and could predict the time 
needed for ice hockey players with concussion to return to play 
(18). The significant increase in serological Tau-A levels in the 
acute phase of TBI could be explained by the rapid disruption of 
the BBB following TBI (5) and the consequent release of the 
fragment into the peripheral circulation.

In the stroke cohort, we measured Tau-A in patients 
after mild and severe ischemic stroke, respectively, and 
after hemorrhagic stroke and compared them to healthy 
controls. Tau-A ELISA determinations did not show sig-
nificant differences between the groups and Tau-A dis-
played a significant discriminatory power only between 
healthy controls and patients with severe ischemia. In the 
case of the ECL assay, the measurements were more widely 
distributed, facilitating better separation between the 
groups and thus, improving the discriminatory capacity of 
the biomarker, indicating its applicability in stroke, which 
is a growing pathology worldwide (25).

Serum Tau-A levels did not show strong correlation to 
stroke severity based on the NIHSS score, while Tau-A 
ECLIA determinations could discriminate between the 
functional state measured by the mRS score. Plasma tau 
levels have been associated with stroke characteristics such 
as stroke severity, long-term outcome and infarct volume 
(26). In other studies, serum tau levels after acute ischemic 
stroke were shown to correlate with the infarction volume 
(27) and the clinical outcome, although higher levels were 
observed only in a subset of patients (28). Tau was mea-
sured in serum after intracerebral hemorrhage and dis-
played prognostic value regarding the outcome (29). These 
findings support the notion that tau measured in the blood 
could be used as marker of neuronal damage, although tau 
can efflux from the brain to the periphery even under 
physiological conditions (30).

In our system, we apply a specific monoclonal antibody 
that binds to a sequence of the N-terminal projection 
domain of tau. The competitive format of our assays is 
not dependent on an antibody pairing, as is the case for 
the sandwich assay format that most of the validated tau 
immunoassays apply (31). Therefore, with the Tau-A assay 
we can detect a pool of fragments that lack the N-terminal 
part of tau. Tau-A could be a promising complementary 
biomarker to the existing markers and could be combined 
with total tau measurements or other tau fragments, pro-
viding additional information for the changes regarding the 
processing of tau and deciphering underlying disease 
mechanisms in several brain diseases.

Figure 3. Association between serological Tau-A measurements on the two platforms, ELISA and MSD. Correlation between the ELISA and the ECLIA Tau-A levels was 
very strong in the TBI cohort (rs = 0.92, p < 0.0001, Figure 3a) and moderate in the stroke cohort (rs = 0.53, p < 0.0001, Figure 3b).
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Limitations

The availability of clinical information in the TBI population 
combined with the small number of participants and especially 
the low number of patients with moderate-to-severe TBI, limit 
the analysis of the capacity of the Tau-A biomarker in TBI 
diagnosis. Further investigation of Tau-A levels in a larger 
longitudinal study could provide useful information about 
the diagnostic and prognostic value of Tau-A in assessment 
of TBI. Analysis of other candidate biomarkers in both studies 
would allow correlations between the markers and the patho-
physiological processes they, respectively, reflect.

Conclusions

In this study, we presented a technologically advanced metho-
dology for the serological detection of Tau-A, displaying better 
discriminatory power between samples. Tau-A may be a simple, 
noninvasive and consistent serum biomarker, applied in differ-
ent forms of brain injury by reflecting neuronal damage. 
Further investigation is warranted to verify Tau-A diagnostic 
potential in TBI and other neurological disorders and explore 
Tau-A levels in relation to outcome prediction in stroke. 
Following the patients and collecting samples at different time 
points after the stroke would make available repeated measure-
ments of the biomarker and analysis of its prognostic power.
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