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Highly Sensitive Quantification of Optic Neuritis Intrathecal Biomarker CXCL13  

 

Abstract 

Background: Elevation of CXCL13, a key regulator of B-cell recruitment in cerebrospinal fluid 

(CSF) is implicated in multiple sclerosis (MS).  

Objective: to evaluate if measurement of CXCL13 using a highly sensitive assay is of value in acute 

optic neuritis (ON) patients for the prediction of later MS. 

Method: CXCL13 was measured by Simoa in two independent treatment-naïve ON cohorts, a 

training cohort (TC, n=33) originating from a population-based cohort, a validation cohort (VC, 

n=30) consecutively collected following principles for population studies. Prospectively, 14/33 TC 

and 12/30 VC patients progressed to MS (MS-ON) while 19/33 TC and 18/30 VC patients, remained 

as isolated ON (ION). 

Results: CXCL13 was detectable in all samples and were higher in ON compared with healthy 

controls (HC) (p=0.012). In the TC, CSF levels in MS-ON were higher compared with ION patients 

and HC (p=0.0001 and p<0.0001). In the VC, we confirmed the increase of CXCL13 in MS-ON 

compared to ION (p=0.0091). Logistic regression analysis revealed an area under receiver operating 

characteristic curve of 0.83 [95% C.I: 0.73-0.93]. 

Conclusions: The highly sensitive CXCL13 Simoa assay demonstrated ability to identify ON 

patients and separate MS-ON from ION, and predictive diagnostic values indicates a promising 

potential of this assay. 

 

 

 

 

 

 



   2 

Introduction 

Inflammation of the central nervous system (CNS) is seen in several conditions, whether caused by 

infection, autoimmunity or neurodegenerative disease. Cerebrospinal fluid (CSF) leucocyte counts 

and intrathecal immunoglobulin (Ig) production are widely used biomarkers to address 

immunological processes in the CNS.(Reiber and Peter, 2001) A novel biomarker used in particular 

in the diagnosis in CSF of Lyme neuroborreliosis (LNB) is CXC chemokine ligand 13 (CXCL13), 

which is often more than 100-fold increased during LNB.(Hytonen et al., 2014) CXCL13 is a strong 

regulator of B cell and CD4+ T follicular helper cell chemotaxis, and as such plays a key role in 

formation of germinal centers in lymphoid tissues and of ectopic lymphoid structures.(Denton et al., 

2019; Irani, 2016) In this context, it represents a potential biomarker closely involved in 

immunological processes.  

The spectrum of inflammatory demyelinating diseases of the CNS includes multiple sclerosis (MS) 

and clinically isolated syndromes (CIS) such as optic neuritis (ON). These diseases are believed to 

be immune-mediated and are characterized by inflammation and destruction of the myelin sheath of 

axons.(Baecher-Allan et al., 2018) Although MS in general is considered a T cell mediated 

autoimmune disease, several observations have indicated the involvement of B cells in the 

pathophysiology of MS, in particular intrathecal Ig production and activation of B cells in CSF and 

MS plaques.(Sospedra, 2018) The involvement of B cells in MS is also supported by the clinical 

response of MS patients to B-cell-depleting drugs such as Rituximab.(Alvarez et al., 2015) Therefore, 

biomarkers highly correlated with B cell chemoattraction are putatively of relevance in this 

autoimmune neurological condition. As an example, in one study on relapsing-remitting MS, 

CXCL13 was found to be increased and associated with increased disease activity as shown by 

MRI.(Khademi et al., 2011) In addition, second-line treatment (natalizumab), which inhibits 

inflammatory lymphocytes from entering the CNS, reduced CXCL13 to levels similar to healthy 
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controls (HC).(Novakova et al., 2017) In another study of progressive MS, increased intrathecal 

CXCL13 correlated with both cortical pathology with meningeal inflammation and gray matter 

demyelination, as well as MRI activity.(Magliozzi et al., 2018) Interestingly, CSF levels of CXCL13 

as detected by convectional enzyme-linked immunosorbent assay (ELISA) were shown to be the best 

predictor of conversion to MS in patients with CIS over 2 years’ follow-up.(Brettschneider et al., 

2010)  

The first CE-labeled CXCL13 assay approved for in vitro diagnostics (Cat no. EQ 6811-9601-L, 

Euroimmun AG) was launched in 2014 and provided a means to confirm a suspected acute LNB 

before anti-Borrelia antibodies can be detected. Since CXCL13 concentration decreases with 

successful treatment, it is also a suitable marker for disease course.(Markowicz et al., 2018; Remy et 

al., 2017) Several research-use only assays have been used to test the diagnostic and/or prognostic 

value of CXCL13 in patients with autoimmune CNS diseases, and showed notable 

potential.(Brettschneider et al., 2010; Liba et al., 2019; Modvig et al., 2013) In a recent prospective 

population-based study of ON we determined the predictive value of CSF biomarkers for 

development of MS, including CXCL13.(Olesen et al., 2019) Using the Euroimmun CXCL13 assay 

we observed that in patients who remained as isolated ON (ION) CXCL13 levels were close to the 

level of  healthy controls (HC), whereas CXCL13 levels in patients who later developed MS (MS-

ON) were significantly higher. However, a considerable proportion were below detection 

limit.(Olesen et al., 2019) We therefore speculated that overcoming the issue of detectability using a 

novel assay with increased sensitivity could enhance the diagnostic potential of CSF CXCL13 in 

patients presenting with acute ON.  
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Materials & Methods 

Cohort and CSF sampling 

The study consisted of two cohorts, a training cohort (TC) and a validation cohort (VC). The TC 

originated from a predominantly population-based cohort of ON patients (n=33), who had sufficient 

CSF to allow for parallel measurements of CXCL13 by two different methods. The TC clinical study 

is described in detail elsewhere (Soelberg et al., 2017). The TC population was recruited from July 

2014 to June 2016 in Region of Southern Denmark with a population (>15 years) of 993,563 citizens 

as per January 2016. Briefly, the TC cohort included patients who presented with acute ON, had 

blood and CSF taken a median of 14 days (range 2-38) from 1st symptom of ON, prior to treatment. 

Prospectively, 14/33 patients were diagnosed with MS-ON based on 2010 McDonald criteria and 

19/33 patients continued as ION (Polman et al., 2011; Soelberg et al., 2017). At routine follow-up 

(median 29 months, range 21-41 months) the diagnosis of ION and MS-ON was substantiated. 

Female:male ratio was 4:7 for HC, 12:7 for ION and 9:5 for MS-ON. The median age at inclusion 

was similar across groups of the TC with 49.0 years for HC (range 16-63), 39.5 for ION (range 16.3-

67.1) and 41.5 for MS-ON (range 24.2-52.3; p>0.05). 

The VC consisted of 30 acute ON patients from Clinic of Optic Neuritis, Rigshospitalet, Glostrup 

from the Greater Copenhagen Region, seen between March 2018 and December 2019 with a median 

follow-up time of 7 months (range 3-24 months, 1st-3rd quartiles: [4.4-10.1] months, p<0.0001 vs 

TC), consecutively collected following principles for population studies. Prospectively, 12/30 

patients were diagnosed with MS-ON based on 2017 McDonald criteria and 18/30 patients continued 

as ION (Thompson et al., 2018). 
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The demographic profile of the VC was similar to the TC in terms of sex (female:male ratio 13:5 for 

ION and 8:4 for MS-ON), age (ION: median 34.5 years, range [21-59], p=0.85 against TC ION; MS-

ON: median 34.5 years, range [22-44], p=0.097 versus TC MS-ON) and median delay from 1st 

symptom to clinical assessment. CSF and blood samples were taken within 43 days from onset (Table 

1).  

A group of individuals (n=11) who initially presented with sudden transient headache without trauma 

or infection and where all subsequent clinical examinations and laboratory investigations were 

normal, were used as HC in the TC (Olesen et al., 2019). Lumbar puncture was carried out as part of 

the diagnostic procedure during daytime, and spare CSF from routine diagnostics were stored at -

80°C. TC samples went through one freeze-thaw cycle for aliquotation before analysis.  

To keep experimenters blinded, TC samples at aliquotation were assigned a randomized identifying 

barcode, which did not reveal any information about the patients. Unblinding was done after CSF 

analyses finished. For serum analyses, barcode-labelled samples were analyzed by medical laboratory 

technicians unaware of the identity of patients. For the VC, samples were shipped from Rigshospitalet 

– Glostrup labelled with an internal project identifier. The analyzing laboratory was kept from any 

information regarding patient status until after analyses finished. 

 

 

 
Training cohort 

(n=33) 
Validation cohort 

(n=30)  

Sex 
f:m 

21:12 21:9 p=0.79 

Age, years 
median [range] 

39.6 
[16-67] 

34.5 
[21-59[ 

p=0.30 

Follow-up time, months 
median [range] 

29.0 
[21-41] 

7.1 
[3-24] 

p<0.0001 
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ION:MS 19:14 18:12 p=0.99 

Table 1 
 
 

CXCL13 assays 

CXCL13 was quantified using the Simoa assay on the automated Single Molecule Array (Simoa) 

HD-1 Analyzer platform (Quanterix, Lexington, MA, USA). Manufacturer’s instructions, 

consumables, and recommended assay running conditions were used. Four-parameter logistic 

regression with 1/Y2 weighting was used for fitting of the standard curve. Two different lots were 

used; one for TC CSF analyses (lot #501172, experiments done May 2018) and another for TC sera 

and VC CSF and sera (lot #502228, experiments done March 2020). Manufacturer’s stated limit of 

quantification – at which the coefficient of variation (CV) is 20 % – was 0.070 pg/mL.  

For TC CSF analyses, the lower limit of detection ([average enzymes per bead]blank+3x[SD]blank) 

corresponded to 0.0189 pg/mL, around two-fold below the sample with the lowest level at 0.0404 

pg/mL. CV performance was assessed in the second kit lot using two supplier-provided quality 

control stocks and four in-house quality control pools (three sera, one CSF; each consisting of a 

sample from multiple patients pooled into one). CV percentages were, respectively: 4.0 at 8.1 pg/mL, 

0.4 at 178.9 pg/mL, 7.8 at 54.8 pg/mL, 8.5 at 0.707 pg/mL, 18.4 at 27.8 pg/mL, 10.7 at 47.1 pg/mL. 

CSF from the TC samples were also quantified using an in vitro diagnostic assay (Cat no. EQ 6811-

9601-L, Euroimmun AG, Lübeck, Germany) with a stated normal range for healthy individuals of 

<20 pg/mL. Data from CSF measurements using this assay are published elsewhere, and are referred 

to as a point of reference in the current text (Olesen et al., 2019). 
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Statistics 

For comparison of patient groups within each cohort, normality was assessed using quantile-quantile 

plots, and all data were found to be non-normally distributed. Therefore, data were log-transformed 

and difference between groups was tested with one-way ANOVA followed by Tukey’s post-hoc test 

which adjusts for false positives from multiple comparisons, or Student’s t-test. Tobit regression and 

Spearman correlation were used for testing paired measurements of CXCL13 by the two methods.  

Statistical calculations were carried out using Stata16 (StataCorp, College Station, TX), while 

graphing was done using Prism 7 (GraphPad, La Jolla, CA).  

Logistic regression and subsequent area under curve (AUC) analysis was done using center as a 

covariate.  

When median sample concentration distributions are given, they are accompanied by error bars 

showing 1st and 3rd quartiles.  

 

Ethics 

The project was approved by The Regional Committees on Health Research Ethics for Southern 

Denmark and Greater Copenhagen (Protocols S-20130137 and H-4-2014-0095) and the Danish Data 

Protection Agency. All patients were informed about the study orally and in writing and provided 

their oral and written consent.  
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Results 

Diagnostic potential of high-sensitivity CXCL13 assay in ON 

One important objective of this study was to evaluate the Simoa CXCL13 assay and its diagnostic 

potential compared to conventional ELISA. To address this, we first directly compared paired 

measurements of the two assays. Levels of CXCL13 were detectable in all CSF samples in cohorts 

analyzed using the Simoa method compared to 10/37from TC using the Euroimmun ELISA 

assay.(Olesen et al., 2019) The two assays were highly related however with a proportional bias 

between the two assays (tobit regression, p<0.0001, Figure 1A+B).  

Significantly higher CSF levels were found among TC ON patients in comparison with HCs (1.04 

pg/mL, 1st-3rd quartiles [0.44-6.49] and 0.30 pg/mL [0.20-0.51], respectively, p=0.012; Figure 2). 

In serum, there was no indication of differential regulation of CXCL13 (p>0.92 for all comparisons 

(not shown). For the CSF samples logistic regression and area under curve (AUC) analysis revealed 

an AUC of 0.80 [0.66-0.93], and Youden optimization gave an associated OR of 23.0 ([2.48-1040], 
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p=0.0009, Table 2). This indicates that CXCL13 assays with increased sensitivity strongly support 

the acute ON diagnosis. 

 

Insert Figure 1 here 

 

 Patient group  

HC ON OR [95% CI] 
p-value 

Si
m

oa
 C

XC
L1

3 
 0

.6
3 

pg
/m

L Above 1 23 
23.0 [2.48-1040] 

p=0.0009 
Below 10 10 

 

Table 2 

 

Ability of CXCL13 to predict development of MS in patients with acute ON  

To test the ability to predict conversion of acute ON patients to MS, we stratified acute ON patients 

in the TC based on their long-term diagnosis, ION and MS-ON. In our previous study, where the 

TC CSF samples were quantified for CXCL13 using the conventional Euroimmun ELISA, 

CXCL13 was detected in only 10 out of 37 patients with acute ON and 0/12health controls (HC). 

Among the acute ON patients 21/37 remained as ION and two of those had detectable CXCL13, 

and 16/37 converted to MS-ON, eight of those had detectable CXCL13.(Olesen et al., 2019) Thus, 

CXCL13 was undetectable in a considerable fraction of ON patients. The Simoa assay for CXCL13 

clearly segregated ION and MS-ON patients in CSF (p=0.0010, Figure 2). CXCL13 in serum did 

not show any differences between ION and MS-ON (p=0.96, not shown). Thus, the two assays 
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performed well in distinguishing ION from MS-ON with a possible advantage with the Simoa assay 

as all CSF were well above detection limit. To compare relative impact of the diagnostic assays, we 

applied CXCL13 cut-offs optimized by the Youden method to obtain associated odds ratios (ORs; 

Table 3). These data indicated higher OR and better predictive values, in particular negative 

predictive values (i.e., rate of true negative classifications) using the Simoa assay.   

 

Insert Figure 2 here 

 

Simoa  
ION MS-ON 

 

ppv npv 

 

OR [95% CI], 

p-value 

Training 
cohort 

 

Above 

cutoff  
3 11 

0.79 0.84 
19.6 [2.63-167] 

p=0.0005 Below 

cutoff 
16 3 

Validation 
cohort 

Above 

cutoff 
4 9  

0.69 0.82 

 
10.5 [1.50-84.2] 

p=0.0080 Below 

cutoff 
14 3  

 

Euroimmun  

TC
: 

C
XC

L1
3 

de
te

ct
ed

 Yes 2 8 
 0.80 0.70 

 

9.5 [1.4-103] 
p=0.0095 

No 19 8 

Table 3 
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Validation of findings  

In the TC cohort we observed a clear indication of CSF CXCL13 as an early predictor of the 

development of MS. To validate the finding, we included later a second cohort (VC) of acute ON 

patients for Simoa CXCL13 analyses of CSF and serum. This confirmed CSF CXCL13 as increased 

in MS-ON patients compared to ION (p=0.0091, Figure 3).  

At the same time, the increased CXCL13 was CSF-specific as no indication of altered levels in 

serum was found (p=0.96, not shown). 

 

  Insert Figure 3 here 

 

Logistic regression modeling of MS-ON conversion 

To obtain quantitative measures of the clinical potential of the novel CXCL13 assay, we performed 

logistic regression incorporating data from both the TC and VC. This revealed an AUC of 0.83 

[0.73-0.93] for CSF CXCL13 in prediction of MS-ON. In comparison to the previous investigations 

using Euroimmun ELISA (AUC 0.72 [0.55-0.90], the new assay therefore tends to represent an 

improvement.(Olesen et al., 2019) In particular, moving from a “detected/undetected” regime 

towards optimally defined cut-offs allows more freedom in selecting the clinically most meaningful 

cut-off (sensitivity vs specificity).   

 

Insert Figure 4 here 
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Discussion 

Introduction of new technological advancements may create new avenues within early diagnostics, 

prediction of progression and treatment monitoring. The key point in the current study was to use 

CXCL13 as a biomarker in CSF to predict conversion of acute ON to MS at an early time point, as 

initiation of early treatment has impact on long-term outcome in MS patients (Merkel et al., 2017). 

We show that a Simoa assay is capable of achieving higher sensitivity in detecting intrathecal 

CXCL13 than conventional ELISA in patients with ON. CXCL13 was detectable in samples from all 

patients and may facilitate early diagnosis of ON and the distinction of MS-ON from ION, thus further 

improving the previous detection by conventional ELISA. 

CSF CXCL13 is commonly used as a non-specific biomarker to support the clinical diagnosis of 

suspected LNB as a dramatic CXCL13 upregulation is often seen in LNB, leading to sensitivity and 

specificity of this test around 90-95 % or even higher (Rupprecht et al., 2014). Furthermore, CXCL13 

was recently measured in a pediatric cohort of various neuroinflammatory conditions (including 

LNB, MS and others) using a Luminex-based assay. Here, CXCL13 was detectable in nearly all tested 

CSF samples, including controls, and CXCL13 showed superior performance as a single biomarker 
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of neuroinflammation in a battery of tests that also consisted of CCL2, CXCL8, CXCL10, and 

interleukin-6 (Liba et al., 2019). Another study relying on an ELISA kit (Quantikine, R&D Systems, 

MN, USA) investigated 277 CSF samples from patients under suspicion of neuroborreliosis. Of 239 

anti-B. burgdorferi seronegative patients, CXCL13 was undetected in 207. Moreover, the authors 

found in a group of 34 patients with CSF oligoclonal bands, with suspected (n=8) or confirmed (n=19) 

MS  or other neuroinflammatory condition (n=7) that 24/34 patients had undetectable CXCL13 

(Hytonen et al., 2014). At variance another group reported also using the Quantikine assay that 

CXCL13 was detectable in all of 37 CSF samples from 28 inflammatory and 9 noninflammatory 

neurological patients (Alvarez et al., 2013). In a third study also using the Quantikine assay, the CSF 

level of CXCL13 was shown to be the best single predictor of conversion from CIS to MS as 

compared to a battery of routinely used tests (oligoclonal bands, CSF leukocytes, Barkhof MRI 

criteria), indicating that CXCL13 has potential as a biomarker for MS (Brettschneider et al., 2010). 

Finally, the Quantikine CXCL13 also predicted MS following ON in a study with median 10 years 

follow-up (positive predictive value 69.9%, negative predictive value 62.3%) despite more than one-

fourth of samples below detection limit (Modvig et al., 2015). It is unclear what causes the apparent 

difference in assay sensitivity between these studies that utilize the same assay, but it underscores the 

need for standardized methods and in particular the needs for assays with sufficient sensitivity.  

It has been shown that CSF CXCL13 decreases after treatment with Rituximab, a B cell-depleting 

therapeutic antibody, in MS patients (Piccio et al., 2010). Other biologics may also lead to 

downregulation of CXCL13 (Novakova et al., 2017), and the physiological implication of CXCL13 

in B cell activity is furthermore supported from the use of CSF CXCL13 as a biomarker of CNS B 

cell lymphoma (Rubenstein et al., 2013). An emerging role for B cells in MS is antigen presentation 

and cytokine production, suggesting that B cells contribute to sustaining inflammation around lesions 

(Li et al., 2018). Given that B cells constitute a central element in the self-sustaining inflammatory 



   14 

process, it is plausible that CXCL13 reduction after Rituximab treatment (or other CD20-directed 

therapies such as ocrelizumab) is a downstream result of depleting B cells. CXCL13 in the CNS is 

thought to be produced by microglia or perivascular macrophages, indicating that B cell depletion via 

anti-CD20 has broader downstream effects on other cell types like microglia and/or macrophages 

involved in pathology (Irani, 2016; Krumbholz et al., 2006). This is in good agreement with the 

emerging view that B cells have an antibody-independent role in MS pathology, contributing through 

cytokine production and antigen presentation (Li et al., 2018). 

Circulating levels of CXCL13 in serum have been suggested as a proxy for neuroinflammation in MS 

(Alvarez et al., 2013; Bai et al., 2019; Festa et al., 2009), but data are less unanimous than for CSF 

(Edwards et al., 2013; Iwanowski et al., 2017). Our data of serum, although limited by number of HC 

samples available, suggested no difference between HC and ON patients as well as MS-ON patients. 

Thus, the data indicate that blood CXCL13 is stable during inflammatory demyelination in ON and 

MS. A recent study systematically investigated CSF/serum albumin ratios (Qalb) as an indicator of 

blood-CSF-barrier (BCSFB) function, as well as CSF and serum CXCL13. Using the Euroimmun 

assay, this study showed that serum CXCL13 levels were generally higher than in CSF, also in 

patients where a modest upregulation of CSF CXCL13 was shown. Furthermore, even in patients 

with abnormal Qalb suggesting BCSFB leakiness, there was evidence of CXCL13 not being able to 

diffuse the BCSFB. Overall, the data suggested a high degree of compartmentalization that argues 

against the use of serum CXCL13 as a proxy for neuroinflammation (Pilz et al., 2020). 

Taken together, the current study suggests a novel diagnostic and prognostic applications of CXCL13 

measurements when using assays with improved sensitivity in patients with acute ON, an early 

inflammatory event. This potential is in particular a result of improved ability to quantify CXCL13 

at low levels. We tested two cut-off values that in our dataset showed diagnostic and predictive 

potential, distinguishing ON patients from HC and MS-ON from ION patients, respectively. Further 
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studies in larger, prospective cohorts need to assess in more detail what cut-off values are meaningful 

for each of these applications. 
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Figure 1: Comparison between conventional ELISA and Simoa assays for the detection of 

CXCL13.  

(A) Correlation between measurements of the Euroimmun CXCL13 ELISA and Simoa CXCL13 

assays, and (B) Bland-Altman plot showing agreement between the two measurements. Solid lines 

indicate best linear fit, and squared brackets indicate 95% confidence interval. In the right panel, 

+1.96 standard deviation (S.D.) indicates the upper limit of agreement in Blandt-Altman analysis. 

n=44 data points from 44 individuals. 

 

 

Figure 2: Intrathecal CXCL13 distinguishes multiple sclerosis associated optic neuritis (MS-ON) 

from isolated optic neuritis patients (ION). 

CSF CXCL13 across patient groups in the training cohort using Simoa assay. HC, healthy controls 

(squares); HC, healthy controls, n=11; ION, isolated optic neuritis, n=19; MS-ON, multiple 

sclerosis in relation to optic neuritis, n=14.  

 

Figure 3: Validation of CSF CXCL13 findings in a second cohort. 

A validation cohort was used to confirm the findings regarding CXCL13 from the training cohort. 

ON, acute optic neuritis, n=30; ION, isolated optic neuritis, n=18; MS-ON, multiple sclerosis in 

relation to optic neuritis, n=12. 

 

Figure 4:  CXCL13 in the CSF as predictor of development of multiple sclerosis (MS-ON) in 

patients with acute optic neuritis.  

Receiver-operating characteristic (ROC) analysis of CSF CXCL13 as a predictor of MS-ON and 

associated sensitivity/specificity relationship. 
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