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The study evaluates the clinical significance of CXCL13 (leukocyte chemoattractant synthesized in CSF ) in Lyme
neuroborreliosis (LNB) and other aseptic CNS infections.
244 patients with symptoms of neuroinfection and/or LNB were divided into groups: A - patients with LNB-
positive antibodies in serum and CSF (96) or CSF only (14); B - patients with aseptic non-borrelial
neuroinfections (82); C - negative controls (52). Group A was divided into A1–A4 according to pleocytosis in
CSF and AIIgG positivity.
The highest CSF CXCL13 concentrations (max. 81,287.60 pg/ml; median 1766.90 pg/ml) were in A1 (positive AI,
pleocytosis) andA3 (negative AIIgG, pleocytosis;max. 7201,60 pg/ml,median56.22 pg/ml). A2 (positive AIwith-
out pleocytosis) and A4 (negative AI without pleocytosis) had low CXCL13 levels - A2 max. 650.50 pg/ml
(median b 7.80 pg/ml); A4 max. 118.56 pg/ml (median b 7.8 pg/ml). In B the median was 28.10 pg/ml (max.
595.87 pg/ml). In C the CXCL13 concentrations were the lowest (max. 83.83 pg/ml; median b 7.80 pg/ml). The
lowest cut-off was 29 pg/ml (sensitivity 90.0%, specificity 72.2%), the highest one 400 pg/ml (sensitivity 59.6%,
specificity 94.0%). The group differences of serum CXCL13 were insignificant.
The highest concentrations were at the beginning of the disease. In LNB CXCL13 correlates better with the CSF
pleocytosis than AI positivity.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Diagnosis of Lyme neuroborreliosis (LNB) is complicated by the rel-
atively long course of the disease, frequent unspecific clinical symptoms
and the relatively slow response to antibiotic therapy comparing with
some other bacterial CNS infections. Due to the low sensitivity of the
direct laboratory methods, the basic mainstay of the diagnostic is serol-
ogy. Frequent unspecific reactions, varying seroprevalence and many
other problems bring additional variables. When the symptoms of cra-
nial neuritis, painful radiculitis and lymphocyte meningitis supported
by CSF-specific antibody synthesis (antibody index, AIIgG) are manifest-
ed, the diagnosis is considered optimal [1]. However, AI diagnostic
on inducing ligand; BAFF, B-cell
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erovirus; HGA, human granulo-
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usability varies in the range 70–90% [2] and is limited to certain extent
during the first 4–6weeks of the disease [2–5]. Local antibody synthesis
persists for weeks and months after infection [5,6]. Although the early
Lyme borreliosis (LB) antibody response has an IgM pattern, the major-
ity of LNB patients display only IgG or mixed antibody response. Sensi-
tivity of CSF PCR varies in the range 20–40% and is substantially lower in
blood [7]. As a result it is frequently complicated to recognize acute or
active infection on the onehand, or to assess the effect of antibiotic ther-
apy on the other [8]. Recently there have been attempts to solve both
types of problems by examining the chemokine CXCL13 [9–16].

CXCL13 is a B-cell chemoattractant expressed in secondary lym-
phoid organs and it is synthesized in NB in considerable amounts into
the CSF along with the less clinically relevant cyto- and chemokines
(CCL3, CCL4, IL6, IL8, CXCL12, CXCL19…) [17,18]. CXCL13 promotes
the secretion of cytokines facilitating humoral reactions and resulting
in a higher number of B lymphocytes and plasmatic cells in CSF [19].
CXCL13 has been repeatedly shown in high concentrations in the
acute phase of LNB in CSF [10], in contrast to blood levels which have
not displayed this relationship [20] and are not indicative for active
NB. Furthermore, this chemokine has been found elevated in CSF in
many neurologic inflammations, mostly acute ones such as
neurosyphilis, HIV encephalopathy, purulent meningitis and less fre-
quently in malignancies, immunopathological CNS inflammations and
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Table 1
Stratification of patients into groups according to the diagnosis.

Group Number Adults/children

A (considered for neuroborreliosis) 110 96/14
B (CNS infection of other etiology) 82 82/0
C (control group) 52 52/0
Total 244 230/14

Table 2
Number of patients subgroup.

Group Diagnosis PLa
Ab in
CSF AIIgGb

Ab in
serum Number

A1 LNB define + + + + 34
+ + − − 10

A2 LNB probable − + + + 12
− + − − 4

A3 LNB probable + + − + 30
A4 LNB possible − + − + 20
B CNS infection of other etiology + − − − 82
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other diseases [15,16,21–23]. Recently, for instance, Kowarik et al. [12]
tested levels of CXCL12, CXCL19, BAFF and APRIL in neuroinfections
and out of these only CXCL13 had the significantly highest correlation
with the number of B cells, plasmablasts and intrathecal immunoglobu-
lin synthesis (intrathecal synthesis, IT) in LNB and in the other
neuroinfections. CXCL13 achieves the highest concentration just at the
moment that IT synthesis is initiated. This phenomenon is known in
both adults and children [11]. The reason why spirochete infection in
particular often stimulates CXCL13 secretion has not yet been discov-
ered, but the presence of a high proportion of lipoproteins in the spiro-
chete cytoplasmic membrane has been mentioned [9,10,12].

In the present study, CXCL13 chemokine levels are tested in a group
of neuroinfections, where patients with LNB make up a substantial part
of the test group. This is an ongoing study targeted on diagnostic of
neuroinfections; CXCL13 in CSF and serum was examined before the
treatment initiation.

2. Materials and methods

2.1. Patient group

244 patients (230 adult, 14 children up to eighteen years) admitted
with suspicion of neuroinfection have been included in this prospective
study to date (Table 1). Patients with proven purulent neuroinfection
and all patients with LB seropositivity without recent clinical symptoms
of the disease were excluded. All included patients were examined and
treated as inpatients and after discharging were followed-up (the first
examination after 3 months). Basic cytological and biochemical exami-
nation of CSF was performed and additional tests were done for the
presence of antiborrelial antibodies, including AI, PCR for LB DNA
(data not shown), and the DNA of enteroviruses. DNA of HSV1,2 and
VZVwere tested in clinically relevant cases. A lumbar puncturewas per-
formed before treatment was initiated. Serum tick-borne encephalitis
(TBE) and LB antibodies were tested in serum in all patients; a tick
bite history was referred by 57 persons.

2.2. Study design

Patients were divided into groups as follows (Table 2). A patients
considered for diagnosis LNB - positive antiborrelial antibodies in
serum and CSF (96), and patients with specific antibodies in CSF only
(14); B patients with the diagnosis of aseptic neuroinfection of non-
borrelial origin (82); and C controls - LB seronegative patients, diagnosis
of neuroinfection excluded (52). Group Awas divided into subgroups in
a second step: A1 CSF pleocytosis + local synthesis of antiborrelial
antibodies (AIIgG positive) (44 patients, definite NB1); A2 without
CSF pleocytosis + AIIgG positive (16, probable LNB⁎); A3 CSF
pleocytosis + CSF antiborrelial antibodies positive (AIIgG negative),
(30, probable LNB⁎); A4without CSF pleocytosis+ CSF antiborrelial an-
tibodies positive (AIIgG negative), (20, possible LNB⁎). Basic clinical data
(neurological involvement) of patients are shown in Table 3.

The clinical outcome of therapy was only assessed in group A (LNB)
on an arbitrary scale of 1–5; the final outcome was compared with the
initial clinical involvement: 1 normal status, 2mild symptoms, 3modest
residues, 4 marked sequelae, able to work, 5 invalidity. In total, 85 pa-
tients out of 110 were examined, the final diagnosis in group A was
not changed in any of the patients.

Patientswere tested for CXCL13 in CSF and serum at the baseline be-
fore antibiotic treatment and were treated according to a standard
treatment regime regardless of the result. Ceftriaxone was used in
most cases in whom antibiotic treatment was indicated five patients
were treated by doxycycline (allergy to betalactams, refusing IV
1 Classification of LNB is not completely unified [24,25] categories “definite, probable,
non-LNB”was based on [24]; “possible LNB” used only in this text.
therapy). Patients' data were stored electronically without personal
identification. Patients were in detail informed about the purpose of
the study and gave written informed consent before they had been en-
rolled into the study. In children, informed consent was given by par-
ents. The study was approved by the Ethics Committee of the Hospital
Na Bulovce, Prague, Czech Republic.

2.3. Laboratory tests

Samples of blood and CSF were centrifuged (1000g), aliquoted and
frozen (−50 °C) within 2 h after taking. This procedure was chosen
based on the experience that CXCL13 levels are not altered by freezing,
whereas serum levels are decreased only slightly [11].

Measurement of CXCL13 levels was performed by the commercial
ELISA test (Quantikine Human CXCL13/BLC/BCA-1 Immunoassay R&D
Systems, Inc. Minneapolis MN, USA, local importer in ČR Biomedica
ČR, s.r.o.). This test is not approved for routine clinical testing and is
limited to research purposes. The CXCL13 analysis was conducted
according to the manufacturer's recommendation, all tests were run in
duplicate. The levels of CXCL13 were calculated from a standard curve
of optical density versus concentration estimated for each set of
samples. A concentration below 7.8 pg/ml was considered to be unde-
tectable. Samples with concentrations over the standard curve of the
assay (N500 pg/ml) were further diluted 10 to 100 times with the cali-
bration diluent buffer of the kit and reanalysed [15].

Borrelia antibodies in serum and CSF were analysed by ELISA –
VIDITEST anti-Borrelia recombinant IgG+ Vlse/IgM (CSF) (VIDIA s.r.o.
CR.); all positive results were confirmed by western-blotting (Blot-
Line Borrelia/ HGA IgM and Blot Line Borrelia/HGA IgG, TestLine, Clinical
Diagnostic s.r.o. ČR). This kit is based on recombinants antigens of
Borrelia sp. and Anaplasma phagocytophyllum. Only WB confirmed
results were considered as positive. Albumin and IgG antibodies were
detected by nephelometry (IMMAGE 800, Beckman Coulter Inc.).
Antibody index (AIIgG) was calculated by the VidiTab (Vidia s.r.o. CR)
program; AIIgG N 1.5 was considered positive.

CSF normal values: leukocyte total cell count b3/μl, erythrocytes
b100/μl, total protein 0.2–0.45 g/l; this upper limit of total protein was
chosen to simplify statistic calculations in different age groups; some
low-end values are recognized as abnormally elevated due to older
patients.

Statistical analysis: results were analysed by the statistical software
Stata version 9.2 (Stata Corp LP, College Station, TX). The comparison
of paired categorical data was calculated using a Kruskal-Wallis test, a
C Control group − − − − 52

a PL lymphocytic pleocytosis N3 cells/mm3 and/or CSF protein N0.45 g/l.
b AIIgG- antibody index.



Table 3
Characteristics and basic clinical data of patients in subgroups.

Group A B C

Subgroup A1 A2 A3 A4
Number of patients 44 16 30 20 82 52
Mean age/median (years) 42,55/46 53,06/60 39,8/35,5 48,1/44 36,1/35 44,9/41,5
Female/male ratio (%) 20/24 (45,5/54,5) 7/9 (43,8/56,2) 12/18 (40,0/60,0) 5/15 (25,0/75,0) 47/35 (57,3/42,7) 28/24 (53,8/46,2)

Diagnosis (%)
Aseptic CNS infection 44 (100,0) 2 (12,5) 30 (100,0) 0 (0,0) 82 (100,0) 0
• Isolated meningitis 12 (27,3) 0 16 (53,3) 0 49 (59,8) 0
• Meningitis + facial palsy 15 (34,1) 0 8 (26,6) 0 2 (2,4) 0
• Meningitis + radicular involvement 14 (31,8) 0 1 (3,0) 0 0 0
• Meningoencephalitis, encephalitis, encephalomyelitis 3 (6,8) 2 (12,5) 5 (16,7) 0 31 (37,8) 0
Facial palsy only 0 2 (12,5) 0 3 (15,0) 0 6 (11,6)
Peripheral neuropathy only 0 9 (56,2) 0 7 (35,0) 0 12 (23,1)
Nonspecific symptoms only (arthralgia, myalgia, fatigue,
headache, mental disorders)

0 3 (18,7) 0 9 (45,0) 0 34 (65,3)
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Mann-Whitney test was used for multiple comparisons. Student's t-test
was used to evaluate the unpaired data, Fisher's exact test for the effect
of evaluating therapy. Results were rated in 95% confidence intervals, p-
values b0.05 were considered statistically significant.

3. Results

Out of 244 patients included in the study, the diagnosis of LNB was
considered in 110 (group A) (Table 1). Eighty-two patients were in
the group with aseptic neuroinfections (group B) - 55 of known origin
(26 TBE, 23 EV, 6 VZV) and 32 of unknown etiology. The rest – 52 pa-
tients without proven CNS infection – remained in group C.

CXCL13 levels differed considerably between the groups (Table 4,
Fig. 1). The highest CXCL13 concentrations were found in LNB group
A1 (pleocytosis, AI positive) and this parameter enabled this group to
be differentiated from all other patients. Group A3 (pleocytosis, AI neg-
ative) displayed rather lower CXCL13 levels, but still high. Concentra-
tions in group A2 (without pleocytosis, AI positive) and A4 (without
pleocytosis, AI negative) were substantially lower.

Paired comparison proved that the CXCL13 concentrations in group
A1 were significantly higher than in all groups (p b 0.001) except A3,
where the significance level was p b 0.04. Similarly, the CXCL13 concen-
trations in A3 were significantly higher than in all other groups
(p b 0,001 andp=0,005) except for groups B (no significant difference)
and A1. Although the maximal values in group A2 are slightly higher
than in A4 these differences are not statistically significant (Table 4).
Even the results from subgroup A2 did not differ from other
neuroinfections or controls. Subgroup A4 levels were not significantly
higher than controls.
Table 4
CSF and blood CXCL13 chemokine concentrations in different patient groups (pg/ml).

Group of
patients

Number of
patients

p50 p25 p75 Minimal
value

Maximal
value

CSF
A1 44 1766,90 645.50 11,440.00 7.8 81,287.60
A2 16 b7.80 b7.80 28.20 b7.80 650.50
A3 30 56.22 32.85 429.80 b7.80 7201.60
A4 20 b7.80 b7.80 7.87 b7.80 118.56
B 82 28.10 9.10 108.7 b7.80 595.87
C 52 b7.80 b7.80 3.90 b7.80 83.3

Blood
A1 44 37.54 27.75 64.44 11.06 504.10
A2 16 34.40 24.38 66.12 14.10 143.40
A3 30 44.80 27.90 77.10 20.90 256.10
A4 20 32.94 23.00 42.48 9.40 53.40
B 82 39.05 29.91 54.14 12.30 310.85
C 52 29.25 23.41 48.51 14.59 228.62

p25, p50, p75 - percentiles.
In the group B (non-borrelial CNS infections) the median CXCL13
was 28.1 pg/ml. The median, p25 and p75 percentiles values were
lower than in the A1 and A3 groups but the relationwas only significant
compared with group A1 (p b 0.001). Group C (controls) displayed the
lowest concentrations of CXCL13 (Table 4). These concentrationsmostly
resemble the situation in A2 and A4 (non-significant difference).

In this report, using the ROC curve, the limits were searched that
would enable us optimally to discriminate patients with LNB and
other CNS infections. The cut-off values were determined according to
the criterion maximization of the sum of sensitivity and specificity
(Fig. 2, Table 5). Considering as abnormal groups A1 and A3 (LNB with
pleocytosis) andnormal all the other groups (A2, A4, B, C) the calculated
discriminating cut-off level was 29 pg/ml, the levels above this limit can
be considered elevated (Table 5, Fig. 2). Out of 74 patients signed as LNB
(A1+A3), 67were above and 7 below this limit, while the rest of tested
patients (A2, A4) displayed 47 values elevated and 123 below 29 pg/ml
(244 patients in total). Calculated sensitivity was 90%, specificity 72.2%,
the area under the ROC curve 0.881. As far as the 130 pg/ml limit is con-
cerned (the part of the ROC curve where the characteristics do not
change toomuch), the specificity rises to 88.2%with a drop of sensitivity
at 67.1%. In the case of LNB patientswith pleocytosis (A1, A2) the abnor-
mal cut-off level of 400 pg/ml was calculated with specificity 94% and
sensitivity 59.6% (ROC area 0.768). Naturally, when the abnormal
group is enlarged, the values of sensitivity, specificity and ROC curve
change (Table 5.). In the same table, the results of calculations of
predictive values are shown. Positive predictive values varied between
57.3–95.6% in close relation to increasing specificity, and vice versa:
the negative predictive values decreased in the interval 94.6–67.5%.
Fig. 1. CSF CXCL13 chemokine concentrations (pg/ml). A1, A2, A3, A4, B, C groups of
patients.



Fig. 2. Roc curve analysis using levels of CXCL13 to discriminate between group of A1 and
A3 and other groups of patients (A2; A4; B; C).

Fig. 3. Blood CXCL13 chemokine concentrations (pg/ml). A1, A2, A3, A4, B, C groups of
patients.
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Blood CXCL13 concentrations are very uniform in all groups of pa-
tients Fig. 3 (range 9.40–504.10; p50=36.33). There are noticeable dif-
ferences between groups, but these are definitely not as important as in
CSF. Even though according to the statistical comparison the groups
cannot be considered homogenous (p = 0.032), none of the paired
comparisons of doublets A1–A4/B/Cwas sohigh as to be statistically sig-
nificant. Evaluating parallel blood and CSF CXCL13 concentrations we
were able to find only three patients who had both elevated CXCL13
in blood and low concentration of CSF (b7.8 pg/ml). One such case
was in A2 (126.50 pg/ml) and two in A3 (126.22 pg/ml; 256.1 pg/ml).
Only one patient with a higher concentration of CXCL13 was found in
control group C (228.6 pg/ml) and this result was just (and only) in
blood. The cut-off value of 62 pg/ml was calculated from ROC for
blood (A1 + A3 NB abnormal/rest of patients normal). Other calcula-
tions are not presented because they are of only minor importance.

Total protein concentration (Fig. 4) was the highest in LNB group A1
(range 0.35–7.09 g/l; mean 1.23 g/l; p75= 1.57 g/l). Themaximal value
of 7.1 g/l was found in a patient with chronic borrelial encephalitis, nor-
mal CSF protein was only in four patients. The protein level in A1 was
significantly higher than in all other groups except A3 (here with a
non-significant difference of p = 0.268); other LNB groups (A2/A3/
A4) did not differ significantly. When the protein concentration is com-
pared with the normal range, elevated levels in A1, A3 and B can fre-
quently be seen (94.3%, 85.2% and 79.4% respectively); the protein
values in group A4 (60.0% of normal levels) were similar to the control
group (67.3%; see the comment in methods).

The number of leukocytes and lymphocyteswas assessed separately,
but both of the parameters correlated so closely that only the total num-
ber of leukocytes was presented here (Fig. 5). However, in groups
A1–A4 this figure only provides information about the spread of values
because this pleocytosis was the classifying criterion. The range in the
LNB groups (A) was 2–306 leukocytes/mm3 (med. = 28.3 cell/mm3).
The difference between groups A1–A3-B on the one hand, and A2–A4-
C on the other, are statistically significant (p b 0.001). The group of
Table 5
Calculation of the diagnostic sensitivity and specificity CSF CXCL13 measuring.

Abnormala Cut-off (pg/ml) Prevalence (%) Sensitivity (%) 95% C

A1 + A3 29 29 90.0 80.5–
A1 + A3 130 29 67.1 54.9–
A1 + A2 400 24 59.6 45.8–
A1 + A2 + A3 29 36 77.9 67.7–
A1 + A2 + A3 + A4 400 44 40.6 31.1–

a Group of patients.
b Confidence interval.
c Predictive value %.
non-borrelial neuroinfections (B) had a leukocyte number comparable
with LNB A1 and A3 (non-significant differences). Results in group C
corresponded to normal CSF.

The duration of illness before treatment was less than 3 months in
the majority of patients (Fig. 6), and more than 2/3 of patients (168
out of 244) had the symptoms for less than 1 month. According to this
parameter, the NB patients (A1–A4) split into two units: patients with
CSF pleocytosis (A1, A3) with an average history length of 2.1 months
(A1) and 1.9 months, and cases without pleocytosis (A2, A4) where
the average duration was 7.7 months (A2) and 3.8 months (A4). The
history in group B was significantly shorter than in groups A2
(p b 0.001) A4 (p b 0.001) and C (p b 0.001). All other differences
were non-significant.

The outcome for patients in this study was only evaluated in group
A. All groups A1–A4 differed between themselves (i.e. were not homog-
enous; p b 0.001). A1 and A3 displayed a significantly better outcome
than the remaining two – A2, A4 (p b 0.001 through p = 0.027). 72.2%
of A1 and 85.7% of A3 patients had an outcome of “1” (ad integrum).
In contrast, complete recovery was referred in only 14.3% and 28.6% of
cases in A2 and A4, while 21.4% of patients remained without improve-
ment after treatment (bothA2, A4). In general, the outcome split the pa-
tients into two significantly different pairs, A1 + A3 and A2 + A4.

4. Discussion

It has already been published elsewhere showing that the CSF
CXCL13 levels are elevated in an acute phase of aseptic and purulent
CNS infections, especially in LNB [10,12,17,19,21], and that there is a
good correlationwith the proper function of this chemokine. The results
of our study are in full accordancewith this. CSF CXCL13 concentrations
in aseptic neuroinfections (B)were significantly higher than in controls.
The study reliably showed elevated CXCL13 in LNB even in higher con-
centrations, and moreover, there was remarkable diversification in
borrelial patients. CXCL13 concentrations correlated with CSF
pleocytosis. This is easy to explain by the arguments given above, but
Ib Specificity (%) 95% CIb ROC area Positive Prc Negative Prc

95.9 72.2 64.8–78.8 0.811 57.3 94.6
77.9 88.2 82.3–92.6 0.777 70.1 86.6
72.4 94.0 89.4–96.9 0.768 75.6 88.1
86.1 71.9 64.1–78.9 0.749 60.9 85.3
50.5 98.5 94.7–99.8 0.695 95.6 67.5



Fig. 4. Total CSF protein (g/l). A1, A2, A3, A4, B, C groups of patients. Fig. 6. Length of the disease before treatment (months). A1, A2, A3, A4, B, C groups of
patients.
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the patients differed in other parameters, which deserve further
attention.

Patients with CSF pleocytosis and IT antibody synthesis (A1) repre-
sent ideally diagnosed patients – acute LNB (“definite” according to
the EFNS classification). Only two patients were under the 29 pg/ml
limit (and three under 130 pg/ml). In this case the great importance of
CXCL13 examination can hardly be denied. Less obvious, but probably
more interesting results from clinical point of view, are the remaining
three LNB groups. Both of the groupswith positive pleocytosis and neg-
ative AI and vice versa (A2, A3) fall into “possible” EFNS categories of
LNB and this diagnosis is considered to be relatively well supported.
But they differ substantially regarding the CXCL13 examination.

In A2, the chemokine concentrations did not differ either from the
patients without pleocytosis and AI (A4), or from the controls. The low-
est cut-off of 29 pg/ml was exceeded only in 25% patients of A2 (4/16),
one patient in A4 (1/20) and three patients in controls (3/52). By con-
trast, the patients with pleocytosis and negative AI (A3) had the second
highest levels of CXCL13, comparable only with acute neuroinfections
(B) (16% of examined had a level under 29 pg/ml; 4/29). Although A3
represents the same LNB diagnostic “level” as A2 in A3, CXCL13 has
higher diagnostic significance. It can be assumed that A2 can contain pa-
tients with a longer course of disease – in the subacute phase, perhaps
spontaneously fading away. This hypothesis is also supported, besides
the proper absence of pleocytosis, by the longer duration of illness. An
additional argument for this is the lower clinical effect of antibiotic
treatment than in the A1 and A3 groups, similar to group A4. This phe-
nomenon could be caused by delayed treatment and/or by the exhaus-
tion of the reparative possibilities of the organism during long,
Fig. 5. Number of CSF leukocytes (cell/mm3). A1, A2, A3, A4, B, C groups of patients.
spontaneously running disease. The explanation described seems to be
in good agreement with experiences published to date showing that
CXCL13 declines quickly to normal values after the antibiotic treatment
is initiated (along with normalisation of pleocytosis) [22,15,21,26].
Moreover, it is known that IT synthesis can persist for weeks or months
later [2–5]. Results of CSF CXCL13 levels correlate well with previous
study of Tjernberg et al. [27]. The groups A1, A2 that correspond fully
with the similarly defined patients in this work displayed identical pat-
tern – high percentage of elevated CXCL13 levels in “definite LNB” and
low frequency of positives in patients with AIIgG proven/without
pleocytosis. Results of group A3, where the second highest positivity
of CXCL13was found, cannot be compared completely due to the rather
different definition of these groups in the Tjernbergs' study.

The disease duration in patients with pleocytosis and negative AI
(A3) does not differ from the cases in A1, but it is significantly shorter
than in A2, A4. The high levels of CXCL13 can support the assumption
that A3 patients have very early stage of LNB. The high levels of
CXCL13 can support this assumption. The last LNB patient group with-
out pleocytosis and AI positivity (A4) belongs, according to EFNS classi-
fication, to the non-LB category, the low CXCL13 levels in group A4
correlate well with the low probability of active LNB in these patients.
Specific antibodies detected in CSF can originate from the blood, though
a disrupted blood brain barrier and/or artificial bleeding was found in
only 12 out of 20 A4 patients.

However, there is no generally accepted cut-off for diagnosing either
LNB or other CNS infections based on CXCL13 levels in CSF, as reported;
cut-offs range from less than 100 to more than 1229 pg/ml. Similarly,
the cut-off level for the used diagnostic kit has not yet been defined by
themanufacturer and despite the fact that all published resultswere ob-
tained by the samekit, the recently published values differ substantially.
Wutte et al. [11] considered the CSF levels above the N125 pg/ml limit as
elevated and values above 500 pg/ml as highly elevated; the same limit
was used by Ljøstad et al. [2]. A cut-off at 250 pg/ml was thus proposed
by van Burgel et al. to distinguish between LNB and other diseases [16].
Results of Hytönen et al. show the cut-off of 415 pg/ml allowed to dis-
criminate between borrelia (above the limit) and non-borrelia patients
(below) [15]. Using the higher cut-off value of 1229 pg/ml was
discussed by Schmidt et al. [28]. Blood cut-off levels are mentioned
less frequently due to their minor clinical importance. Wutte et al.
[20] showed the considerable variability of blood CXCL13: levels of
35–261 pg/ml were found among patients with dermatoses, while
levels of 26–500 pg/ml were found in blood donors. The results of 29–
400 pg/ml calculated in this report approximately correlate with those
discussed above. Recent experiences obviously do not allow us to gain
a more precise cut-off. Calculations of sensitivity and specificity, which
are inversely related, vary as well. If only proven LNB cases were taken



219D. Pícha et al. / Journal of the Neurological Sciences 368 (2016) 214–220
for diagnostic sensitivity in this study, it would reach 90% (A1 and A3),
but low specificity 72.2% and even more so if only A1 group would be
considered as LNB according to [11,10,15,18,19]. Low sensitivity of
40.6% is caused by taking even probable cases of LNB together into the
group of LNB.

Physiological CSF CXCL13 concentrations have not been defined suffi-
ciently, it seems, for values less than 10 pg/ml. In our control group, only
one measurement exceeding this value was observed (118.56 pg/ml).
Published average pathological levels vary as well, as can be seen in
the following examples: 500 pg/ml, 1183 pg/ml, 6480 pg /ml and
15,149 pg/ml (mean) [15,16,21]. These fluctuations are frequently
justified on methodical grounds and so a better standardization is the
condition (sine qua non) for future expansion of the test. Another rea-
son for oscillations in values could be the differences in the structure
of patient groups. Diversity in the formof clinical involvement, themeth-
od of LB diagnostics and the composition of control groups influences the
final absolute CXCL13 concentration directly via cut-off values [29].

As far as the CXCL13 serum levels presented here are concerned, it is
necessary to repeat previously published experience [20] that serum
CXCL13 do not bring any essential additional clinical information either
in LNB, or in aseptic neuroinfections to date. Although the CSF
pleocytosis correlates very well with CXCL13 elevation, the absolute
concentration of this chemokine is not related to the number of leuko-
cytes (statistically verified here, p = 1.000). A similar result was pub-
lished by Hytönen et al. [15]. The reason is not known.

It was shown that LNB patients with shorter disease duration,
pleocytosis and also with elevated CXCL13 chemokine levels demon-
strated better outcomes after therapy. In other words, the absence of
these three markers in groups A2 and A4 indicates a statistically signif-
icant predisposition towards longer persisting disease symptoms. But
the reasons for this are not necessarily the same. Whereas in the
group with positive specific antibody synthesis the result could more
probably be explained by the delayed antibiotic treatment, in the
other group the cause could be in an incorrect diagnosis or
unrecognised different illness. This cannot be resolved by the results
presented here. The question raised by Senel [29] as to whether
CXCL13 levels do correlate with clinical or laboratory disease activity
and/or with its length remains without answer so far.
5. Conclusion

The results presented support the previously published experiences
that the CSF CXCL13 chemokine levels closely correlate with pleocytosis
(but not with absolute number of leukocytes) and total protein in
patients with neuroborreliosis and other aseptic CNS infections. But in
LNB there are a number of patients with intrathecally synthesized
specific antibodies, in which the concentration of CXCL13 is low, and
these patients have a longer disease course. The diagnostic role of CSF
CXCL13 has not been definitely defined. Taking into account all three
mentioned diagnostic markers of LNB which are easy accessible – CSF
pleocytosis, total protein and AI – the diagnostic usage of CXCL13
seems to be most favorable in less clinically or laboratory defined
cases, in unspecific symptoms or unequivocal laboratory results. How-
ever, the specificity of CXCL13 testing should be improved for this pur-
pose because this chemokine has been proven in many other
neuroinfections and neurological diseases. Of course, the CXCL13 levels
are higher in NB than in the majority of the other pathological condi-
tions and so it remains an important candidate diagnostic marker. The
high diagnostic sensitivity and negative predictive value in A1 and A3
groups (for the cut-off 29 and 130 pg/ml) are reasonable supportive ar-
guments. Better methodical standardization, especially concerning the
cut-off discriminating values, would help in spreading this test more
widely.
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