Clinical research

CXCL9 concentrations in cerebrospinal fluid and serum
of patients with tick-borne encephalitis
Olga M. Koper1, Joanna Kamińska1, Sambor Grygorczuk2, Joanna Zajkowska2, Halina Kemona1

Department of Clinical Laboratory Diagnostics, Medical University of Bialystok,
Bialystok, Poland
2
Department of Infectious Diseases and Neuroinfections, Medical University
of Bialystok, Bialystok, Poland
1

Submitted: 5 October 2015
Accepted: 19 December 2015
Arch Med Sci 2018; 14, 2: 313–320
DOI: 10.5114/aoms.2016.58667
Copyright © 2016 Termedia & Banach

Abstract
Introduction: The aim of our current study was to evaluate cerebrospinal
fluid (CSF) and serum CXCL9 concentrations and diagnostic usefulness of
this molecule in tick-borne encephalitis (TBE). The study included TBE patients in the acute phase (TBE I) and after 2 weeks of follow-up (TBE II).
The control group consisted of patients investigated for suspected central
nervous system (CNS) infection, but with normal CSF findings.
Material and methods: Concentrations of CXCL9 were measured using enzyme-linked immunosorbent assay (ELISA).
Results: Cerebrospinal fluid and serum concentrations of CXCL9 in patients
with TBE were significantly higher than in controls (p < 0.001). This alteration was also observed in the case of the CXCL9 index (I CXCL9; CSF CXCL9
concentration divided by serum CXCL9 concentration) (p < 0.001); moreover,
ICXCL9 significantly decreased after 2 weeks (p < 0.001). This is the first study
to evaluate the CSF and serum levels of CXCL9 in subjects with TBE.
Conclusions: CXCL9 is a ligand for CXCR3, which was found on all Th1 memory lymphocytes present in the peripheral blood; therefore the elevated concentrations of CXCL9 in TBE patients as compared to the controls might
indicate that this chemokine perhaps takes part in the trafficking of Th1 cells
into the CNS. The results presented here support the hypothesis that CXCL9
may play a role in TBE. However, further studies are required to determine
whether this protein might be used as a potential tool for the diagnosis and
monitoring of inflammation in TBE.
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Introduction
Tick-borne encephalitis (TBE) is the most common tick-borne disease
in Europe, the Far East, and Asia [1, 2]. This zoonotic disease is caused by
an RNA virus of the genus Flavivirus within the Flaviviridae family [2–4].
The main vectors of TBE virus (TBEV) are Ixodes ricinus and Ixodes persulcatus [1–3].
According to the literature, one third of TBE cases might be without neurological symptoms [2]. The most common neurological manifestation of
TBE is meningitis; meningoencephalomyelitis occurs less frequently [2, 3].
The cerebrospinal fluid (CSF) analysis of patients with diagnosed TBE generally reveals moderate pleocytosis with domination of lymphocytes, which
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might exist for several weeks after clinical improvement [3]. It is hypothesized that immune-mediated
neuronal cell death mediated by the T-cell response
in the CSF, rather than direct viral lysis, leads to the
brain damage and dysfunction in TBE [4].
The laboratory diagnosis of TBE is defined by
the demonstration of specific serum TBEV-immunoglobulin M (IgM) and TBEV-immunoglobulin G
(IgG) antibodies in the serum samples taken from
the patients when central nervous system (CNS)
symptoms manifest. The virus can also be detected by the reverse transcriptase polymerase chain
reaction (RT-PCR) from the blood, but only occasionally is detected in the CSF [4]. RT-PCR for detection of TBEV RNA is efficiently applied in animal
models, but clinical use of RT-PCR still needs to be
validated in humans [5].
Chemokines are small proteins (8–15 kDa) that
play a crucial role in the migration of immunocompetent cells to the sites of inflammation [6].
They were discovered by their leukocyte adhesion,
chemotaxis, and activation abilities, both in vivo
and in vitro [7–9]. Chemokines are also involved in
immune surveillance and function to localize B or
T lymphocytes with antigen [10, 11]. Under physiological conditions they are constitutively present
in the brain on the glial cells and neurons, and are
involved in intracellular communication [8, 11–13].
Cells of the CNS are capable of releasing chemokines upon stimulation; moreover, CNS cells are also
able to respond to them by their receptors.
Chemokines are classified depending on the position of conserved cysteines (C) in their sequence
into four structural subfamilies: CXC, CC, C, and
CXC3 [14–16]. The CXC chemokines are further
subdivided into those containing a glutamic acid-leucine-arginine (ELR) motif near their N-terminus and those not containing this motif (non-ELR)
[11]. ELR-positive CXC chemokines act mostly on
neutrophils, while non-ELR chemokines are mainly chemotactic for mononuclear cells [17]. CXCL9/
MIG (monokine-induced by g-interferon), CXCL10/
IP-10 (interferon-inducible 10 kDa protein), and
CXCL11/I-TAC (inducible T cell-α chemoattractant)
are the three ELR-negative chemokines, which
are more closely related to each other than to any
other chemokine [18]. Moreover, genes for the
above-mentioned chemokines are highly inducible
by g-interferon (IFN-g), whose production is highly restricted to activated T cells and NK cells [11].
CXCL9, CXCL10, and CXCL11 target lymphocytes
and signal via the chemokine (C-X-C motif) receptor
3 (CXCR3/CD183) [19]. Higher levels of CXCR3 were
found on human T helper type 1 (Th1) cell lines as
compared to Th2 cell lines. Additionally, CXCR3 was
found on all Th1 memory lymphocytes present in
the peripheral blood. Because CXCL9 is a ligand for
CXCR3, it may be suggested that the role of CXCL9
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is the recruitment of effector T cells, particularly
Th1 lymphocytes, to the sites of inflammation [19].
In various diseases CXCL9 expression was accompanied by an increased number of T cells [20–22].
Data concerning the concentrations of non-ELR
chemokines in the CSF and serum of patients with
TBE are limited [23, 24]. So far, according to our
knowledge, the levels and diagnostic usefulness of
chosen chemokines that lack the ELR motif in TBE
have been assayed only by Lepej et al. and Zajkowska et al., who analyzed CXCL10 and CXCL11 concentrations [23, 24]. It was established that CXCR3–
non-ELR chemokine interactions are very important
for the pathogenesis of diverse neurological disorders [11]. Because little is known about the nonELR chemokines and their receptor concentrations
in TBE cases, the aim of our current study was to
evaluate CXCL9 and CXCR3 levels in serum and CSF
of patients with TBE (confirmed by the presence of
TBEV-specific IgM and IgG) in the acute phase and
after two weeks of follow-up. Gathering more data
related to CXCR3-ligand interactions is extremely
important because CXCR3 is a critical receptor taking part in the recruitment of T-cells into the CNS.

Material and methods
Patients
The study was approved by the ethical committee of the Medical University of Białystok. All
patients gave their written informed consent. The
patients and the controls were recruited between
2012 and 2013. The study included 24 TBE patients (aged 18–79 years (mean: 45); 8 male). All
patients lived in north-eastern Poland.
Tick-borne encephalitis diagnosis was based
on clinical signs/symptoms of meningitis or meningoencephalitis, and detection of specific TBEV
IgM and IgG antibodies in the CSF and serum.
Venous blood and CSF were obtained from patients with the diagnosis of TBE, at the time of
the patient’s admission to the hospital (TBE I) and
during follow-up examinations after 2 weeks (TBE II).
The control group consisted of 13 patients
(aged 18–85 years (mean: 51); 5 male) with initially suspected but later, after CSF analysis, excluded CNS infection (negative TBEV antibodies;
no pleocytosis, CSF total protein concentrations
within the normal range). In controls, CSF and serum analysis was performed only once, at the time
of the patient’s admission to the hospital.
Serologic tests for Borrelia burgdorferi, a ticktransmitted bacterium, were negative for all patients included in the study.

Sample preparations
Cerebrospinal fluid was obtained by lumbar
puncture. All samples were collected in polypro-
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pylene tubes and they were centrifuged (1100 g,
10 min, room temperature), aliquoted into several
portions of 200 µl, and frozen at –80°C until assayed.
Blood samples were left for clotting for 30 min
before centrifugation (1000 g, 15 min, room
temperature), and separated serum was aliquoted into several portions of 200 µl, and frozen at
–80°C until further analysis.

Table I. Laboratory characteristics of the group
of patients with TBE at the time of admission to
the hospital
CSF:
TBEV IgM

Positive in 13 of 24 TBE patients

TBEV IgG [U/ml]
Blood:
TBEV IgM

Patients’ demographics and laboratory
measurements

5.0 (5.0–8.3)

Positive in 24 TBE patients

TBEV IgG [U/ml]

10.7 (7.9–25.8)

WBC [× 10 /µl]

10.5 (8.6–11.9)

RBC [× 10 /µl]

4.4 (4.3–4.8)

3

White blood cell count (WBC), red blood cell
count (RBC), hemoglobin concentration (HGB),
platelet count (PLT) in the blood, and TBEV IgM
and IgG antibodies in the serum and CSF were
measured with standard laboratory techniques in
the laboratory at the time of the patients’ admission to the hospital (Table I).
Pleocytosis, albumin, total protein, and glucose
concentrations in the CSF as well as serum C-reactive protein (CRP) were measured with standard
laboratory techniques in the laboratory at the time
of the patient’s admission to the hospital (TBE I)
and after 2 weeks of follow-up (TBE II) (Table II).
Similarly, CXCL9 and CXCR3 concentrations were
measured on both occasions (Table III).
The detection of TBEV antibodies in the CSF
and serum of TBE patients was performed using
the enzyme-linked immunosorbent assay (ELISA)
method (SERION ELISA classic TBE IgG/IgM kits,
Institut Virion/Serion GmbH, Würzburg, Germany)
according to the manufacturer’s instructions.

Analysis of CXCL9 and CXCR3
Cerebrospinal fluid and serum levels of CXCL9
were measured using the ELISA Quantikine Human CXCL9/MIG Immunoassay kit (catalog number: DCX900; R&D Systems Europe Ltd., Abingdon,
England) according the manufacturer’s instructions. Samples were not diluted before analysis.

3

HGB [g/dl]
PLT [× 103/µl]

13.8 (12.9–14.6)
206 (163–234)

Results are presented as medians and interquartile ranges. CSF
– cerebrospinal fluid, HGB – hemoglobin concentration, IgG –
immunoglobulin G, IgM – immunoglobulin M, PLT – platelet count,
RBC – red blood cell count, SD – standard deviation, TBE – tickborne encephalitis, TBEV IgG – TBE virus IgG antibodies, TBEV IgM
– TBE virus IgM antibodies, WBC – white blood cell count.

The manufacturer of the assay kits refers to the
intra-assay coefficient of variation (CV %) as 3.9%
at CXCL9 mean concentration of 253 ±9.9 pg/ml.
Cerebrospinal fluid and serum concentrations
of CXCR3 were measured with the ELISA Assay
kit for chemokine C-X-C-Motif receptor 3 (catalog
number: SEA625Hu, USCN Life Science Inc., Wuhan, China) according the manufacturer’s instructions. Samples were not diluted prior to assay.
The manufacturer of the assay kits refers to the
intra-assay coefficient of variation (CV%) as less
than 10%.

Statistical analysis
The preliminary statistical analysis (c2 test)
revealed that the CSF and serum concentrations
of all proteins tested did not follow a normal distribution, and hence the non-parametric Kolmog-

Table II. Biochemical parameters and pleocytosis in the CSF and serum of TBE patients
Parameter

TBE I

TBE II

P-value

Albumin [mg/dl]

46 (37–62)

43 (33–61)

NS

Total protein [mg/dl]

69 (52–87)

65 (50–90)

NS

Glucose [mg/dl]

58 (55–63)

54 (52–58)

NS

140 (83–244)

52 (35–75)

< 0.001

9.7 (3.0–22.4)

0.9 (0.7–1.3)

< 0.001

CSF:

Pleocytosis [cells/µl]
Serum:
CRP [mg/dl]

Results are presented as medians and interquartile ranges. CRP – C-reactive protein, CSF – cerebrospinal fluid, NS – not statistically
significant, TBE – tick-borne encephalitis, TBE I – TBE patients at the time of admission to the hospital, TBE II – TBE patients after 2 weeks
of follow-up.
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Table III. CXCL9 concentrations and CXCL9 index (ICXCL9) in the CSF and serum of TBE patients as compared to the
control group (C)
Parameter

I
N = 24

II
N = 24

C
N = 13

P-value

CSF CXCL9 [pg/ml]

215
(100–346)

166
(119–240)

6
(5–23)

I vs. II, NS
I vs. C, p < 0.001
II vs. C, p < 0.001

Serum CXCL9 [pg/ml]

111
(91–137)

138
(113–163)

58
(51–62)

I vs. II, NS
I vs. C, p < 0.001
II vs. C, p < 0.001

ICXCL9

2.0
(0.9–3.4)

1.2
(0.9–1.6)

0.2
(0.1–0.3)

I vs. II, p < 0.001
I vs. C, p < 0.001
II vs. C, p < 0.001

ICXCL9 was determined as follows: CSF CXCL9 concentration divided by serum CXCL9 concentration. Results are presented as medians and
interquartile ranges. C – control group, CSF – cerebrospinal fluid, CXCL9 – monokine-induced by g-interferon, ICXCL9 – CXCL9 index, TBE –
tick-borne encephalitis.

orov-Smirnov test was used to compare the two
groups analyzed. The results are presented as medians and interquartile ranges. Differences were
considered statistically significant for p < 0.05. The
relation between the sensitivity and specificity was
illustrated using a receiver operator characteristic
(ROC) curve. The ROC curve is a line graph that plots
the probability of true positive results – or the sensitivity of the test – against the probability of false
positive results for a range of different cut-off points
[25]. Statistical analyses and area under the ROC
curves (AUCs) were calculated using the Statistica
9.0 PL program (StatSoft Inc., Tulsa, OK, USA).

Results
CXCL9 and CXCR3 results obtained in the
CSF and serum of TBE patients and controls
In TBE II patients pleocytosis and CRP concentrations were significantly lower as compared to
the TBE I patients (Table II).
In both patient groups analyzed CSF as well as
serum CXCL9 concentrations were significantly
higher as compared to the controls (Table III). CSF
CXCL9 was higher and serum CXCL9 was lower
in TBE I in comparison to TBE II, but neither difference was statistically significant (Table III). To
exclude possible impairment of the blood-CSF
barrier and/or BBB functions as potential sources
influencing CXCL9 concentrations, the CSF CXCL9
concentrations were related to the concentrations
in the serum by calculating the CXL9 index (ICXCL9).
ICXCL9 in TBE I and TBE II were significantly higher
as compared to the controls, and significantly decreased after symptoms resolution after 2 weeks
of follow-up (Table III).
In TBE I cases CXCL9 concentrations were significantly higher in CSF than in serum (p < 0.05)
(Table III). In TBE II cases CXCL9 concentrations
were also higher in CSF as compared to the results obtained in serum, but none of the differences were statistically significant (Table III).
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All CSF CXCR3 concentrations in TBE I and TBE II
were above the upper limit of detection (the assay
range of the used kit is 0–10 pg/ml). In case of
serum specimens CXCR3 concentrations were detected only in 3 patients (obtained values 6.0, 5.0,
and 4.0 pg/ml, respectively). Because of the obtained results in the groups of TBE patients CXCR3
concentrations in the controls were not analyzed.
In TBE I patients CSF CXCL9 significantly correlated with serum CXCL9 (p < 0.05; r = 0.70), and
ICXCL9 (p < 0.05; r = 0.91). In TBE II patients CSF
CXCL9 was significantly correlated with serum
CXCL9 (p < 0.05; r = 0.60); moreover, both CSF and
serum CXCL9 were significantly correlated with
ICXCL9 (p < 0.05; r = 0.92 and p < 0.05; r = 0.48,
respectively). Additionally, in TBE I patients pleocytosis was positively correlated with ICXCL9 (p < 0.05;
r = 0.44).

Diagnostic criteria for CXCL9 and ICXCL9
Using ROC curves, sensitivity and specificity
were calculated for disease presence for each possible threshold value. The optimal cut-off for CSF
CXCL9 application was 42 pg/ml; the sensitivity
and specificity were 98% and 100%, respectively.
The optimal cut-off for serum CXCL9 application
was 81 pg/ml; the sensitivity and specificity were
86% and 100%, respectively. The optimal cut-off
for ICXCL9 application was 0.6; the sensitivity and
specificity were 88% and 100%, respectively. The
CSF CXCL9 ROC AUC (0.998) was higher than the
AUCs for serum CXCL9 (0.939) and ICXCL9 (0.970)
(Figures 1–2).

Discussion
This is the first study to evaluate the CSF and
serum levels of CXCL9 and CXCR3 in subjects with
TBE compared to subjects with no signs of CNS
disorder. In this paper, we report a significant increase in CSF and serum concentrations of CXCL9
in patients with TBE as compared to the controls
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Figure 1. Area under ROC curves for CSF CXCL9
(AUC = 0.998; cut-off: 42 pg/ml) and for serum
CXCL9 (AUC = 0.939; cut-off: 81 pg/ml) in differentiation between TBE patients and controls

without inflammation in the CNS. Furthermore,
this alteration was also observed in the case of
ICXCL9; moreover, ICXCL9 significantly decreased after
symptoms resolution. CSF CXCR3 concentrations
in TBE groups were above the assay upper limit;
in serum specimens CXCR3 concentrations were
within the assay range only in three TBE cases.
Chemokines and their receptors are constitutively present in the brain in glial cells and neurons, take part in intercellular communication, and
have a pivotal role during CNS diseases [8, 11–13].
Physiologically, the CNS is an immune-privileged
site because of the highly selective blood-brain
barrier (BBB), separating the brain from the circulating blood. The disease state leads to the activation of microglia and consequently to neuronal and glial cell injury as well as death through
chemokine signaling. These events lead to migration of immune cells across the BBB [12].
Some authors hypothesize that immune-mediated neuronal cell death mediated by the T-cell response in the CSF leads to the brain damage and
dysfunction in TBE [4]. Two-thirds of patients with
TBE have moderate pleocytosis (100 leucocytes/µl
or fewer) [4, 26–28], which was also confirmed by
our study. The study of Tomažič et al. and Holub
et al. showed that the majority of cells present in
the CSF are T lymphocytes; only a small number
are B lymphocytes and natural killer (NK) cells [29,
30]. In the brains of fatal human TBE cases, macrophages, CD8+ cells, and CD4+ cells were present
[31–33].
CXCL9 overexpression, confirmed by the measurement of mRNA or concentrations of CXCL9,

Figure 2. Area under ROC curve for ICXCL9
(AUC = 0.970; cut-off: 0.6) in differentiation between TBE patients and subjects and controls

has been observed in different CNS diseases,
both in a rodent model and in humans [34–36].
Moreover, Ochiai et al. observed lower numbers
of CD(4+) and CD(8+) T cells isolated from brains
of severe combined immunodeficient (SCID) mice
infected with Toxoplasma gondii treated with anti-CXCL9 serum as compared to mice treated with
control serum. This may indicate a strong role of
CXCL9 in recruiting immune T cells into the brain.
Accumulation of CD(3+) T cells into the sites of
tachyzoite growth was also markedly less in SCID
mice treated with anti-CXCL9 serum as compared
to mice treated with control sera, which indicates
the role of CXCL9 in preventing reactivation of infection [37].
CXCL9 is constitutively expressed on human
brain-derived microvascular endothelial cells and
astrocytes [11]. In our study, CSF and serum CXCL9
concentrations were significantly higher as compared to the controls without inflammation in the
CNS, which indicates that this protein might be
involved in TBE pathogenesis. It should be noted
that CXCL9 is strongly induced by IFN-g – the most
typical Th1 cytokine [11, 18].
Three chemokines that lack an ELR (Glu-LeuArg), and are more closely related to each other
than to any other chemokine, are CXCL9, CXCL10,
and CXCL11 [18]. Zajkowska et al. reported that
CSF CXCL10 and CXCL11 concentrations were
significantly higher in the acute phase of TBE as
compared to the controls; after 3 weeks of follow-up CSF CXCL10 and CXCL11 concentrations
were lower than in TBE patients in the acute
phase, but still remained higher than in controls
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[24]. In our study we observed similar alteration
in the case of CXCL9 – the third chemokine that
lacks an ELR motif. Modifications in CSF CXCL9
concentrations depending on the CNS disease
severity caused by different viruses were also
found by other authors [35, 36]. Sato et al. found
a strong correlation between CSF CXCL9 concentrations and disease progression in patients infected with human T-lymphotropic virus type 1
(HTLV-1). It should be mentioned that about 4%
of HTLV-1 infected individuals develop HTLV-1-associated myelopathy/tropical spastic paraparesis
(HAM/TSP) [35]. Also Wang et al. observed different CSF CXCL9 concentrations according to the
disease severity in patients with brainstem encephalitis (BE) caused by Enterovirus 71 (EV71).
Their study showed increased CSF CXCL9 concentrations in patients with cardiopulmonary
complications, including pulmonary edema and
autonomic nervous system dysregulation, as
compared to the uncomplicated BE [36]. In our
study CXCL9 concentrations were also higher in
CSF than in serum, which might support the hypothesis that in TBE CXCL9 is synthesized intrathecally and might be recognized as a biomarker
of TBE.
To exclude possible impairment of the bloodCSF barrier and/or BBB functions as potential
sources of the alterations in CXCL9 concentrations, we related the CSF CXCL9 concentrations
to the concentrations in serum. ICXCL9 in TBE I and
TBE II were significantly higher as compared to
the controls, and – in contrast to the CSF or serum
CXCL9 concentrations – significantly decreased
after 2 weeks. This might indicate that the CXCL9
index is a better indicator of symptoms resolution
in TBE than CSF or serum CXCL9 concentrations.
Comparative analysis of CXCL9 concentrations depending on the disease severity in patients with
viral BE was performed by Wang et al. The authors
observed that the CSF as well as plasma CXCL9
index tended to increase with increasing BE severity [36]. This is in line with our study, in which the
CXCL9 ratio was also higher in the acute phase
of TBE.
Lepej et al. reported that the percentage of
memory CD45RO+CD4+ T-cells expressing CXCR3
was significantly higher in the CSF of patients
with acute neuroborreliosis (NB) as compared to
the peripheral blood. Additionally, CXCL10 and
CXCL11 concentrations in the CSF of NB patients
were significantly higher as compared to the corresponding serum samples, which in their opinion suggests that the analyzed proteins create
a chemokine gradient between the CSF and serum and recruit CXCR3-expressing memory CD4+
T-cells into the CSF [23]. In our study all CSF CXCR3
concentrations in the groups of patients with viral
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infection were above the upper limit of detection;
in the case of serum CXCR3 concentrations were
detected only in three patients. Moreover, CXCL9
concentrations were also higher in CSF than
in serum, which might indicate that also in TBE
CXCR3-expressing memory CD4+ T-cells are recruited to the CSF. However, this hypothesis requires further, more detailed analyses.
To assess the potential diagnostic significance
of CXCL9, evaluation of the diagnostic criteria
including the sensitivity, specificity, and the ROC
AUCs was performed. We found that the CSF
CXCL9 ROC AUC was higher than the AUCs for
serum CXCL9 and ICXCL9. However, all AUCs were
very high (≥ 0.94). This may suggest that evaluation of CXCL9 in CSF and serum has diagnostic
significance in distinguishing patients with TBE
from subjects with initially suspected but later,
after CSF analysis, excluded CNS infection. The
diagnostic usefulness (AUC > 0.8) of CXCL9 in distinguishing diagnosis of patients with HAM/TSP
from control subjects (asymptomatic carriers infected with HTLV-1) was also confirmed by Sato
et al., who selected CXCL9 as a promising prognostic candidate biomarker for the early identification of patients at increased risk of debilitating
disease progression. The authors suggested that
the measurement of CXCL9 could lead to more
accurate prognoses as well as patient-dedicated
treatment plans [35].
Our study has at least two limitations. First, the
study group is small, which we tried to compensate by the viral IgM and IgG distinguishing serology between TBE and neuroborreliosis (NB) (northeast Poland is an endemic area of tick-transmitted
diseases) [38]. Second, the potential specificity of
the findings should be checked by the evaluation
of CXCL9 concentrations as compared to the patients with other viral meningitis as well as bacterial meningitis, but this aspect requires further
studies.
In conclusion, CXCL9 is a ligand for CXCR3,
which was found on all Th1 memory lymphocytes
present in the peripheral blood; therefore elevated concentrations of CXCL9 in TBE patients as
compared to the controls might indicate that this
chemokine perhaps takes part in the trafficking
of Th1 cells into the CNS. The evaluation of CXCL9
revealed that it has diagnostic significance and
seems to be a good biomarker for acute TBE. The
results presented here support the hypothesis that
CXCL9 may play a role in TBE. However, further
studies are required to explain whether CXCL9
might be used as potential biomarker for the diagnosis and monitoring of inflammation in TBE.
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