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ABSTRACT

BACKGROUND: ‘Definite Neuroborreliosis (NB)’ is diagnosed with the presence of NB-specific symptoms, cerebrospinal fluid (CSF) pleocytosis
and an elevated Borrelia Burgdorferi antibody index. However, some diagnostic uncertainties exist. The B-cell chemokine CXCL13 represents an
emerging biomarker for the diagnosis and treatment of NB because its intrathecal concentration rises prior to the Borrelia antibody index and drops
rapidly after antibiotic therapy. Nevertheless, due to lacking prospective data, a definite CXCL13 cut-off for the diagnosis of NB is still pending.

OBJECTIVE: Definition of a CSF CXCL13 cut-off for the diagnosis of acute and untreated NB in a prospective study setting.

DESIGNANDMETHODS: This multicentre prospective study involved 6 neurological departments treating patients in the Lower Austria district (1.7
million inhabitants). The controls were patients scheduled for a spinal tap but not clinically diagnosed with NB. Demographic data, clinical
characteristics and blood counts, as well as inflammatory CSF values and CSF CXCL13-concentration were analysed.

RESULTS:We recruited 440 adult patients, of whom42 have beendiagnosed as having an acute and untreated ‘definite NB’. Three hundred ninety-
eight patients were assigned to the control group. Themedian intrathecal CXCL13 concentration was 2384 pg/ml for patientswith NB and 0 pg/ml for
controls. The difference was highly statistically significant (P ≤ .001). A CSF CXCL13 cut-off of 271 pg/ml resulted in a sensitivity of 95.2% and a
specificity of 97.2% for the confirmation or exclusion of NB.

CONCLUSION: Based on our results, we propose a CSF CXCL13 cut-off of 271 pg/ml with Euroimmun-Elisa for the diagnosis of acute and untreated NB.
Due to its high sensitivity and specificity, CXCL13 is a strong candidate biomarker for routine NB assessment, especially in clinically unclear cases.
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Introduction
Neuroborreliosis (NB) is the most common neuroinfectious

arthropod-borne disease in Europe and Northern America1 and is

caused by the spirochaete Borrelia burgdorferi.2 Weeks or months

after the appearance of the pathognomonic erythema chronicum

migrans, up to 15% of patients develop infection of the nervous
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system, typically presenting with meningopolyradiculitis or pe-

ripheral nerve palsy.3

Diagnostics includes the patient history, clinical neurological

examination and laboratory tests. ‘Definite NB’ is diagnosed by

the presence of NB-specific neurological signs and symptoms,

cerebrospinal fluid pleocytosis and an elevated CSF serum

antibody index ≥1.6, indicating intrathecal production of

Borrelia antibodies.4 Patients with ‘probable NB’ show NB-

specific symptoms, CSF pleocytosis and serum Borrelia anti-

body production, but intrathecal Borrelia antibody production is

absent.4 However, routinely applied CSF and serum tests can

have some diagnostic uncertainties: At the beginning of the

disease, the Borrelia antibody index may be falsely

negative,1,5-10 whereas CSF pleocytosis1,5 and/or a positive

Borrelia antibody index are not specific for acute NB.Moreover,

several difficulties arise in the diagnosis of NB, as an intrathecal

Borrelia-specific antibody production can persist for years after

acute infection,1,5-8,10 chronic inflammatory diseases can lead to

false-positive pathogen-specific antibody indices11-13 and un-

specific test reactions can occur during an infection with

Treponema pallidum.14,15 Thus, there is a need for biomarkers

that are highly specific to acute and untreated NB.

One interesting biomarker is CXCL13, a B-cell chemo-

attracting chemokine that is secreted in response to the interaction

of surface proteins ofBorrelia burgdorferiwith toll-like receptor 2 of

monocytes.16 The increased intrathecal concentration of CXCL13

then triggers the migration of B-cells into the central nervous

system and the induction of an immune response.17 CXCL13, as a

biomarker, is particularly promising for the early diagnosis of NB

because its intrathecal concentration rises prior to the Borrelia

antibody index.6,8,10 In addition, the CXCL13 concentration

decreases rapidly after antibiotic therapy,1,5,7,9,10,17 making it also a

suitable biomarker for monitoring responses to antibiotics. The

sensitivity of CXCL13 for the diagnosis of NB varies, depending

on the study, between 75% and 100%, and the specificity varies

between 63% and 99.7%.1,5,7-10,17-27

Elevated CXCL13 concentrations have been also found in

patients with HIV,1,28 CNS lymphoma,8,29 chronic inflam-

matory demyelination9,28 and other infectious CNS

diseases.8-10,28 However, due to a lack of prospective data, a

definitive CXCL13 cut-off with the best sensitivity and

specificity for the exclusion or confirmation of untreated NB is

still pending. The aim of the present large-scale multicentre

prospective study is to provide evidence that CXCL13 is a

sensitive and specific biomarker for the diagnosis of acute and

untreated NB in adults.

Material and methods
We conducted a multicentre prospective study in Austria, spe-

cifically in the Lower Austria district (1.7 million inhabitants). All

6 neurological departments within the district participated in the

study. The recruitment phase lasted between January 2019 and

January 2022. The study included adult patients with acute and

untreated ‘definite NB’ and adult control group participants:

‘Definite NB’ was diagnosed by the presence of NB-specific

neurological symptoms, cerebrospinal fluid pleocytosis >5/mcl

and an elevated CSF to serum antibody index ≥1.6 (according

to criteria of the German Society of Neurology [DGN]4). The

controls consisted of patients in whom a spinal tap was indicated

and who have not been clinically diagnosed with NB. Table 1

shows the inclusion and exclusion criteria for NB- and control-

patients. The DGN-criteria for diagnosis of NB were chosen, as

they are commonly used in Austria. NB-guidelines from Europe

andNorth America are quite similar regarding clinical features and

diagnostic requirements,30 which facilitates the translation of our

results into other guidelines.

In addition to demographic data and clinical characteristics,

blood count as well as inflammatory cerebrospinal fluid (CSF)

values and intrathecal CXCL13-concentration were collected

for patients with NB and control subjects. The Numeric Pain

Rating Scale (NRS) and Borrelia antibody index were only

determined in patients with NB. The NRS ranges from 0 to 10,

with no pain at 0 and maximum pain at 10 points.

The intrathecal CXCL13 concentration was centrally evaluated

at the Clinical Institute for Hygiene and Microbiology at Uni-

versity Hospital St. Poelten. CSF samples from other locations

were sent to St. Poelten for this purpose. The CXCL13 con-

centration was measured using the CXCL13 enzyme-linked

immunosorbent assay (ELISA) kit from EUROIMMUN AG

(Luebeck, Germany). Depending on the kit, the highest values to

be measured varied between 470 and 500 pg/ml. Concentrations

above these cut-off levels were measured again by diluting samples

by 1:10 or 1:100 to get precise results. EUROIMMUN AG

recommends the interpretation of CXCL13 results as follows:

Normal range: <20 pg/ml, borderline range: ≥20 to <30 pg/ml,

increased: ≥30 - ≤100 pg/ml and strongly increased: >100 pg/ml.

The IgG-Borrelia antibody index was tested via Elisa from

Siemens Healthcare Diagnostics GmbH.

Due to the prospective setting of our study, potential sources

of error (e.g. interruption of the cold chain, long storage periods,

previous antibiotic therapy) leading to adulterated results have

been minimized.

Statistics
An estimate of the required sample size was made prior to the start

of the study. A preliminary study showed that about one-sixth of

the patients screened in a hospital in Lower Austria actually have

definite NB.31 A conservative assumption of 10% prevalence was

used to estimate the sample size. With a cut-off of 200 pg/ml, we

cautiously assumed a sensitivity of 90% and a specificity of 80% to

account for the variability observed in the preliminary study with

100% sensitivity and 92.4% specificity with a small sample size.31

Themaximum acceptable width of the 95% confidence interval for

the sample size estimate was set to 10%. Under these conditions,

the minimum sample size required was estimated to be 346.32 A

total of 440 patients were included in the study.
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Statistical analyses of the study data were performed using

the free software environment for statistical computing (Gnu

R, version 4.2.1). The Shapiro-Wilk test was used to test the

normal distribution of the underlying sampled populations.

As the underlying data did not follow a normal distribution,

the differences in the distributions of CXCL13 concentra-

tions between NB and control group were verified using a

two-sided Wilcoxon Rank Sum test. An optimal cut-off

point to distinguish between the two groups, based on

CSF CXCL13 concentrations, was determined by using the

receiver operator characteristic (ROC) curve. The optimal

cut-off point was estimated by maximising the Youden Index

(hereafter referred to as J for the sake of compact notation),

where J = sensitivity + specificity – 1.33 The values of J range

between 0 and 1. A value of J = 1 means that the procedure is

perfectly specific and sensitive. A value of J = 0means that the

probability of correctly classifying the two groups is equiv-

alent to a coin toss. The ROC analysis was performed using

the Gnu R package ‘cutpointr’ (version 1.1.2).

As all the data samples analysed contained outliers and were not

normally distributed, as verified by the Shapiro-Wilk test, thus the

hypothesis tests in Table 3 were performed using the Wilcoxon

rank sum test. Because of themultiple testing, the significance level

was adjusted using Benjamini & Hochberg correction. Rela-

tionships between two interval-scaled data samples were quantized

using Pearson’s correlation, and the correlation ratio was used for

Table 1. Inclusion and exclusion criteria for NB and control patients; NB = neuroborreliosis.

Inclusion criteria for Patients with NB Exclusion criteria Patients with NB

1. Clinical symptoms of NB
2. Ability to consent
3. A signed consent form

1. Spinal tap contraindicated
2. Antibiotic therapy within the last month (as it can lead to a rapid reduction in CXCL13
concentration)

3. Inability to consent

Inclusion criteria for control subjects Exclusion criteria for control subjects

1. All other diseases or conditions, which clinically indicate
spinal tap

2. Ability to consent
3. A signed consent form

1. Spinal tap contraindicated
2. Antibiotic therapy within the last month
3. Inability to consent

Table 2. Demographic data and final diagnoses; age: mean, standard deviation; AIDP = acute inflammatory demyelinating disease, CIDP = chronic
inflammatory demyelinating disease, CIS = clinical isolated syndrome, NB = Neuroborreliosis.

N AGE (MEAN +/� SD) MALE FEMALE

Neuroborreliosis 42 58 ± 17 24 (57%) 18 (43%)

Control 398 51 ± 18 175 (44%) 223 (56%)

Other, including epilepsy 85 52 ± 16 30 (35%) 55 (65%)

Headache, other than meningitis 61 48 ± 18 20 (33%) 41 (67%)

Idiopathic facial nerve palsy 53 47 ± 20 35 (66%) 18 (34%)

Multiple Sclerosis/CIS 49 38 ± 13 14 (29%) 35 (71%)

Peripheral nerve disorders, other than AIDP/CIDP 27 55 ± 15 16 (59%) 11 (41%)

Meningitis/Encephalitis 26 47 ± 19 13 (50%) 13 (50%)

Other cranial nerve disorders 23 64 ± 18 13 (57%) 10 (43%)

Cerebrovascular diseases 20 63 ± 18 10 (50%) 10 (50%)

Musculoskeletal disorders 19 58 ± 20 6 (32%) 13 (68%)

Dementia 14 65 ± 11 6 (43%) 8 (57%)

AIDP/CIDP 13 60 ± 20 8 (62%) 5 (38%)

Probable NB 6 63 ± 16 3 (50%) 3 (50%)

B-cell lymphoma 2 63 ± 23 1 (50%) 1 (50%)

All 440 51.8 ± 18 199 (45%) 241 (55%)
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relationships between a nominally scaled and an interval-scaled

data sample, cf. Table 4.

Results
Demographic data and final diagnoses

Overall, 440 adult patients were included in our study: 42 had a

final diagnosis of acute and untreated ‘definite NB’ and 398 were

assigned to the control group (Table 2). The mean age of

patients with NB was 58 years vs 51 years in the control group.

Fifty-seven percent of the patients with NB were male, com-

pared to 44% in the control group (Table 2).

In the control group (n = 398), the most common final

diagnoses beside ‘others’ were ‘headache, other than meningitis’

(n = 61), ‘idiopathic facial nerve palsy’ (n = 53) and ‘multiple

sclerosis’ (n = 49) (Table 2). Detailed information regarding the

final diagnoses and corresponding CSF results is provided in

Table 6 (Supplementary Material).

Presenting neurological signs and symptoms of patients
with NB

Presenting signs and symptoms included facial nerve palsy in 20 of

the 42 patients with NB (48%), sensory deficits in 13 (31%),

diffuse pain in 12 (29%) and cervicobrachialgia in 11 patients

(26%) (Figure 1). Data regarding pain was collected from 15

patients with NB was collected. The median NRS score was 3

points, with a minimum of 0 and a maximum of 10 points. Six

patients (40%) had no pain at all, while 6 other patients reported

pain scores greater than 5 points on the NRS.

Figure 1. Clinical signs and symptoms of NB patients (n = 42).

Table 3. Intrathecal CXCL13 concentration, CSF cell count, Borrelia antibody index and cerebrospinal fluid protein in NB and control group patients; IQR
= interquartile range; Wilcoxon rank sum test, adjustment of significance level for multiple testing by Benjamini & Hochberg correction. Correlation of
intrathecal CXCL13 concentration with other parameters.

NEUROBORRELIOSIS,= N = 42 CONTROL, N = 398 OVERALL, N = 440 P-VALUE

CXCL13 concentration pg/ml Median (IQR) 2384 (795, 9010) 0 (0, 8) 0 (0, 16) (P ≤ .001)

Range 35, 53000 0, 4822 0, 53000

CSF cell count/µl Median (IQR) 118 (53, 258) 2 (1, 6) 3 (1, 11) (P ≤ .001)

Range 10, 523 0, 31861 0, 31861

Borrelia antibody index Median (IQR) 12 (6, 40) 0 (0, 0) 0 (0, 0) (P ≤ .001)

Range 2, 413 0, 107 0, 413

Unknown 4 111 115

CSF protein mg/dl Median (IQR) 105 (78, 136) 41 (32, 56) 43 (32, 63) (P ≤ .001)

Range 38, 1282 0, 600 0, 1282

Unknown 0 1 1
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CSF laboratory findings for NB vs controls

The median intrathecal CXCL13 concentration of patients with

NB was 2384 pg/ml, with a minimum of 35 and a maximum of

53000 pg/ml. In the control group, the median CXCL13 con-

centration was 0 pg/ml (min. 0, max. 4822 pg/ml, Table 3).

CXCL13-concentrations, CSF cell counts, Borrelia antibody-

indices and cerebrospinal fluid protein levels between the NB and

control groups were significantly different(P ≤ .001, Table 3).

Correlation of intrathecal CXCL13 concentration with
other parameters

The Pearson correlation coefficient was estimated between

CXCL13 and the parameters age, time between symptomonset and

spinal tap, CSF cell count, Borrelia antibody index andCSF-protein

count as well as the correlation ratio between CXCL13 and gender.

We assume a strong correlation from a value >.8. No strong

correlations were observed between intrathecal CXCL13-

concentration and age (.194), gender (.106), time between symp-

tom onset and spinal tap (�.041), CSF cell count (.295), Borrelia

antibody index (�.056) or CSF-protein count (.715) (Table 4).

CXCL13 cut-off for the diagnosis of NB

Using a CSF CXCL13 cut-off of 271 pg/ml for the confir-

mation or exclusion of NB resulted in a sensitivity of 95.2% and

a specificity of 97.2% (Figure 2). We achieved 100% sensitivity

with a CXCL13 cut-off of 35 pg/ml and 100% specificity with a

cut-off of 1900 pg/ml (with a loss of either specificity or

sensitivity, respectively).

A cell count cut-off of 27 cells/µl resulted in a similar

sensitivity to that achieved using a CXCL13 cut-off of 271 pg/

ml, but the specificity was lower (91% vs 97.2%).

The Borrelia antibody index cut-off of 1.6 yielded a 100%

sensitivity and a 97.9% specificity. 100% sensitivity is required, as an

antibody index >1.5 is the key criterion for definiteNB in our study.

A CSF protein cut-off of 67 mg/dl resulted in a sensitivity of

85.7% and a specificity of 87.4% for confirmation or exclusion of

NB (Figure 2).

CSF Laboratory results in Control Group

The highest intrathecal CXCL13 concentrations were detected

in patients with definite NB (median 2384 pg/ml; Figure 3).

Patients with multiple sclerosis had a median CXCL13

concentration of 15 pg/ml. Their highest CXCL13 concen-

tration (257 pg/ml) was below our CXCL13 cut-off of 271 pg/

ml. The difference in the CXCL13-concentrations between

Table 4. Correlation of intrathecal CXCL13 concentration with other
parameters in NB patients: Gender to CXCL13 by correlation ratioꜛ, the
others by pearson correlation coefficient* (strong correlation >.8).

CXCL13

Age* .194

Time between symptom onset and spinal tap (days)* �.041

CSF cell count* .295

Borrelia antibody index* �.056

CSF-protein count* .715

Genderꜛ .106

Figure 2. Cut-offs and Receiver operating curves (CSF CXCL13 concentration, CSF cell count, Borrelia antibody index, CSF protein) for the diagnosis of NB;

optimal cut-off highlighted in red.

5Waiß et al
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patients with NB and those with multiple sclerosis was highly

statistically significant (P < .001).

Apart from the patients with NB, only 7 patients with other

diagnoses had an intrathecal CXCL13 concentration above our

cut-off of 271 pg/ml; these were 2 patients with B-cell lym-

phoma (CXCL13 concentrations 1898 pg/ml and 764 pg/ml),

1 patient with neurosarcoidosis (1272 pg/ml), 1 patient with

IgG-4 autoimmune encephalitis (753 pg/ml), 1 patient with

viral meningitis (530 pg/ml), 1 patient with neuritis of the

brachial plexus (400 pg/ml) and 1 patient with idiopathic ab-

ducens paresis (396 pg/ml) (Figure 3).

Discussion
Based on the results of this prospective multicentre study, we

propose a CSF CXCL13 cut-off of 271 pg/ml using the Elisa

kit of Euroimmun, which yields a sensitivity of 95.2% and a

specificity of 97.2% for the diagnosis of acute and untreated NB.

The high sensitivity and specificity of CXCL13 make this

biomarker a prime candidate for the routine assessment of acute

NB, especially in clinically unclear situations.

A Borrelia antibody index higher than 1.5, combined with

typical neurological signs and symptoms and an elevated CSF cell

count, represents the current diagnostic criteria for NB, according

to the DGN.4 However, diagnostic uncertainties arise in particular

cases. For example, at the beginning of the disease, the Borrelia

antibody index may be a false negative,1,5-10 which could lead to a

mistaken exclusion of NB. Similarly, a positive Borrelia antibody

index can persist for years after recovery fromNB.1,5-8,10 Therefore,

a positive Borrelia antibody index does not automatically indicate

acute NB. In addition, certain chronic inflammatory diseases, such

as multiple sclerosis, can lead to false positive results for pathogen-

specific antibody indices.11-13 To overcome these potential

uncertainties the value of CXCL13 as an additional biomarker for

the diagnosis of acute and untreated NB was investigated.

Previous studies have already shown a high sensitivity for

CXCL13 of 75%-100% and a specificity of 63%-99.7% for the

diagnosis of NB.1,5,7-10,17-27 However, the quality of these studies is

limited due to their primarily small sample sizes and their pre-

dominantly retrospective study design. Moreover, the results of

these studies also show a broad range of CXCL13 levels, which

could possibly reflect that the measured CXCL13 concentration

depends on storage duration,8 antibiotic use prior to the spinal tap
1,5,7,9,10,17 and an uninterrupted cold processing chain.26 These are

all features that are difficult to control in a retrospective setting.

A high statistically significant difference was detected in the

CXCL13 concentration between patients with NB and the

control group. However, a total of 7 patients with elevated

CXCL13 levels above the cut-off of 271 pg/ml in the control

group were identified (Figure 3, Table 5): Two patients with B-

cell Lymphoma had highly elevated CXCL13 concentrations

(1330 pg/ml), which has been reported in earlier studies.8,29

Our study adds new data to elevated intrathecal CXCL13

concentration in 1 patient with Neurosarcoidosis (1272 pg/ml)

and 1 patient with IgG-4 autoimmune encephalitis (753 pg/

ml). One patient with suspected viral meningitis and one with

brachial plexus neuritis also had elevated CXCL13 concen-

tration and elevated CSF cell count, but a negative Borrelia

antibody index (Figure 3, Table 5). Another patient with id-

iopathic abducens paresis had a normal CSF cell count, but an

elevated CXCL13 concentration and a Borrelia antibody index

of 1.08 (Figure 3, Table 5). In the latter 3 cases, as the Borrelia

antibody index as well as CSF cell count can give false negatives

in early NB,1,5-10,34 a second spinal tap test may have revealed a

rising antibody index in order to confirm or exclude NB. However,

a second spinal tap test was not performed in these 3 patients.

Figure 3. Comparison of intrathecal CXCL13 concentrations between NB and other diagnoses (boxplots: median, Q1 =25th percentile, Q3=75th percentile,

minimum =Q1-1.5*IQR, maximum =Q3 +1.5*IQR).
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Apart from the diagnostic value of elevated CXCL13 con-

centrations, negative CXCL13 levels are also valuable diagnostic

indicators (sensitivity 95.2%, specificity 97.2%). Two of the pa-

tients presented with peripheral facial nerve paresis and an elevated

Borrelia antibody index (2.55 and 8.9) but had a normal CSF cell

count and a CXCL13 concentration of 0 pg/ml. A normal CSF

cell count is a strong parameter for the exclusion of active NB, but

in early cases, the CSF cell count can be false negative.34 The

negative CXCL13 concentration helps in these cases to support

the exclusion of acute and untreated NB.

Two out of the 42 patients with NB had CXCL13 concen-

trations below our suggested cut-off of 271 pg/ml (Figure 3).

Possible explanations could be 1) the pathophysiology of NB,

which may lead to low CXCL13 concentrations in selected cases,

2) immunological circumstances, such as specific viral infections,

which may have an inhibitory effect on the production of

CXCL13,35 or 3) despite its prospective study setting, our study

may have had technical or logistical problems, such as an inter-

rupted cold chain, which cannot always be ruled out and could

cause adulterated CXCL13 concentrations.26

Patients with ’probable NB’ show NB-specific symptoms,

CSF pleocytosis and serum Borrelia antibody production but

lack intrathecal Borrelia antibody production (according to the

DGN criteria 4). We identified a total of 6 patients with

“probable” NB. Four patients had CXCL13 concentrations

above and 2 had CXCL13 levels below the cut-off of 271 pg/ml

(Figure 3). For the 2 patients with CXCL13 below the cut-off, the

same arguments as mentioned above may be considered (patho-

physiology of NB, immunological circumstances, technical/

logistical problems). The other 4 patients with CXCL13 above

the cut-off are very likely to be true NB.

Patients with multiple sclerosis, who may show Borrelia an-

tibody indices >1.5,11-13 had CXCL13 concentrations below our

suggested cut-off of 271 pg/ml, with a median CXCL13 con-

centration of 15 pg/ml (min. 0, max. 257 pg/ml). The difference in

the CXCL13 concentrations in patients with NB and multiple

sclerosis was highly statistically significant (P < .001). CXCL13

seems to differ consistently between multiple sclerosis and NB.

Data regarding neurological signs and symptoms, CSF cell

count, Borrelia antibody index and CSF protein levels of NB

patients were in line with literature (Figure 1, Table 3).36-38

In order to examine the reliability of CXCL13 in NB-

diagnostics, we tested for possible correlations between the in-

trathecal CXCL13 and other parameters (Table 4): We could not

find a strong correlation in any of the tested parameters, such as

CSF cell count, Borrelia antibody index, CSF protein count or

time between symptom onset and the spinal tap. These results

support the early rise in intrathecal CXCL13 in acute NB, despite

still low CSF cell count. The CXCL13 concentration does not

differ between patients with short- or long-term NB, supporting

CXCL13 as a reliable parameter for NB diagnostics from the very

early stage to the subacute and chronic stages of the disease.

Limitations of our study: The recruitment phase was affected in

2020 and 2021 by the covid pandemic, which slowed recruiting

and led to a lower number of participants as initially expected. Also

a 14 day follow-up of patients with NB after antibiotic treatment,

including a symptom questionnaire and collection of blood and

cerebrospinal fluid samples, had been planned. However, due to

the pandemic, human resources were limited, and only interviews

to check for symptom changes in 12 patients with NB were

conducted. Furthermore, accelerated by the pandemic most of the

patients with NB were discharged from hospital in the first

14 days. Consequently, blood samples were retrieved from only 5

patients with NB and CSF-samples from only 4 patients with NB

14 days after the first spinal tap. This low number of cases caused us

to abandon follow-up analysis.

Conclusion
The diagnosis of NB can be challenging, as several pitfalls are

encountered in CSF analysis and interpretation, along with a

broad spectrum of clinical signs and symptoms. To overcome

the uncertainties of ‘borderline’ cases, we propose the use of the

CSF biomarker CXCL13 for the diagnosis of acute and un-

treated NB. An early and accurate diagnosis of NB with rapid

start of antibiotic treatment prevents patient suffering.
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