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Background: Serum neurofilaments (sNfs), especially the most investigated serum neurofilament light chain
(sNfL), are promising biomarkers in multiple sclerosis (MS). However, their clinical utility is still limited, given
the availability and costs of accessible analytical methods. The gold standard for the detection of sNfs is rep
resented by the single molecule arrays (SIMOA). Recently, a high sensitivity enzyme-linked immunosorbent
assay (hsELISA) has also been introduced. The objective of the study was to compare both assays for the
determination of sNfL and neurofilament heavy chain (sNfH) concentrations in a defined MS cohort. The second
objective was to identify contributing factors to sNfs concentrations determined by hsELISA.
Methods: Serum samples were collected from MS patients attending the MS Centre, University Hospital Ostrava,
Czech Republic. The levels of sNfs were detected using SIMOA and hsELISA assays.
Results: The Spearman’s rank correlation coefficient between the sNfL SIMOA and sNfL hsELISA and between the
sNfH SIMOA and sNfH hsELISA was moderate rs= 0.543 (p = 0.001) and rs= 0.583 (p = 0.001), respectively. The
Passing-Bablok regression analysis demonstrated bias between both methods. Equally significant bias between
the methods was confirmed by the Bland-Altman plots. Furthermore, confounding factors affecting the sNfL
levels were glomerular filtration rate (eGFR; 95% CI -2.34 to -0.04) and sex (95% CI -2.38 to -0.10). The sNfH
levels were affected by age (95% CI 0.01 to 0.07), eGFR (95% CI -2.45 to -0.02), body mass index (BMI; 95% CI
-0.31 to -0.05), and blood volume (95% CI 0.69 to 3.35).
Conclusion: This analytical study showed significant differences between hsELISA and SIMOA methods, especially
for the sNfH concentrations. We identified confounding factors for sNfs levels determined by hsELISA. The sNfs
levels were influenced by renal function and sex, whilst sNfH levels were affected by age, BMI, and total blood
volume.

1. Introduction
The neurofilaments (Nfs) are the main elements of neuroaxonal
cytoskeletal proteins (class IV intermediate protein family). They are
composed of four subunits, namely the Nf light (NfL), Nf medium, Nf
heavy (NfH) chain, and alfa-internexin (Kušnierová et al., 2019). During
any neuroaxonal damage, Nfs are released into the cerebrospinal fluid
(CSF) and they can also be detected at lower concentrations in the

peripheral blood (Bittner et al., 2021). Consequently, increased levels of
Nfs have been described in a spectrum of neurodegenerative diseases,
including multiple sclerosis (MS) (Bridel et al., 2019). Serum Nfs (sNfs),
especially the most investigated serum NfL (sNfL), are one of the most
promising biomarkers in MS. Serum NfL levels reflect inflammatory
disease activity, and are an easily accessible prognostic marker and in
dicator of treatment response (Bittner et al., 2021). However, their
clinical utility is still limited, given the availability and costs of
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accessible analytical methods. The gold standard for the sNfs detection is
represented by the fourth-generation immunoassay, single molecule
arrays (SIMOA). The SIMOA is an ultrasensitive digital immunoassay for
the quantitative determination of protein biomarkers with high preci
sion and performance, but it is designated for research use only (RUO).
Recently, a less-expensive high sensitivity enzyme-linked immunosor
bent assay (hsELISA) was introduced to determinate the sNfL with a
similar detection limit for sNfL quantification as the SIMOA (Fialová
et al., 2022). Although both methods are intended for RUO, ELISA is
more accessible in most laboratories. The hsELISA represents the only
laboratory method intended for in vitro diagnostics of serum NfH (sNfH).
The main objective of this study was to compare both assays for the
determination of sNfs concentrations in a defined MS cohort. The second
objective was to identify factors contributing to sNfs concentrations
determined by hsELISA.

hsELISA, the 4X diluted serum was used, whereas for sNfH hsELISA
undiluted serum samples were used. The intra-assay coefficients of
variation for sNfL hsELISA were 4.3 to 6.6%, and 4.0 to 6.0% for sNfH
hsELISA. The inter-assay coefficients of variation for sNfL hsELISA and
sNfH hsELISA were 5.7 to 10.0%, and 4.7 to 10.6%, respectively.
Creatinine was measured by enzymatic assay on Atellica® CH
Analyzer with Atellica CH Enzymatic Creatinine_2 (ECre_2) kit, Siemens
Healthcare Diagnostics Inc.) Estimated glomerular filtration rate (eGFR)
was calculated from serum creatinine according to CKD-EPI Equation
(Levin et al., 2013).
2.4. Statistical methods
R software version 4.2.0 was used for statistical analysis. Descriptive
statistics were used to outline our data. The categorical variables were
evaluated using frequency tables. The continuous and integer variables
were reported as medians and interquartile ranges (IQR) because of a
non-normal distribution.
Firstly, a comparison of analytical methods was performed. The re
sults of bias or agreement with the declared values of commercial con
trol materials were assessed using a one-sample t-test. Secondly, a
comparison of analytical methods was performed based on our MS
samples. The normality of the sNfL and sNfH concentration was evalu
ated by plotting a histogram. The normality was rejected; therefore,
nonparametric tests were used. Spearman’s rank correlation coefficient
and the Passing-Bablok regression analysis assessed the relationship
between both assays. The Spearman’s rank correlation coefficient was
interpreted according to Prion and Haerling (2014)). For the comparison
of systematic differences, a Bland-Altman plot was performed.
The third step was to evaluate the influence of factors (age, total
blood volume, eGFR, reported cardiological comorbidities, and sex) on
sNfs levels. The normality of sNfL and sNfH levels was evaluated by
plotting a histogram. For a non-normal distribution, the sNfs values were
logarithmically transformed. Simple and multiple linear regression were
used to determine the association. The significance level was set at 5%.

2. Material and methods
2.1. Patients and data collection
Serum samples were collected from MS patients attending the MS
Centre, University Hospital Ostrava, Ostrava, Czech Republic, who were
included into a single-centre prospective cohort study (”Dynamics of
serum biomarkers in monitoring the effectiveness of multiple sclerosis
treatment with DMD preparations”). The inclusion criteria were: (i)
clinically isolated syndrome (CIS) or MS according to the latest 2017
revision of the McDonald criteria (Thompson et al., 2018), (ii) indication
for starting or change of disease modifying treatments (DMTs), (iii) age
> 18 years, and (iv) signed informed consent. The exclusion criteria
were: (i) not confirmed diagnosis of CIS or MS, (ii) age < 18 years. The
baseline data of the prospective study were used for the study of
contributing factors. Random samples from the study participants were
used for the comparison of assays, the selection was made blind to the
performing laboratory worker.
Demographic data (age and sex), self-reported weight and height,
and self-reported cardiological comorbidities were collected at the
baseline visit. Blood volume was calculated using the Nadler et al. for
mula (Nadler et al., 1962). Body mass index (BMI) was calculated from
the patient`s self-reported height and weight.
Ongoing DMTs were categorised into moderately effective DMTs (all
interferons, dimethyl fumarate, glatiramer acetate and teriflunomide)
and highly effective DMTs (alemtuzumab, cladribine, fingolimod,
natalizumab, ofatumumab and ocrelizumab).

2.5. Ethics approval
Informed consent was obtained from all patients at the University
Hospital Ostrava who were included in the study. The study was
approved by the Ethics Committee of the University Hospital Ostrava as
a part of the project “Dynamics of serum biomarkers in monitoring the
effectiveness of multiple sclerosis treatment with DMD preparations”
(reference number 338/2020).

2.2. Samples

3. Results

Serum samples were collected into a serum gel with clotting acti
vator tube (Sarstedt). After delivery to the laboratory, the serum samples
were centrifuged at 2500 × g for 6 min at 4◦ C, then aliquoted into at
least three vials (0.3 mL per vial) and stored at − 70◦ C until the analysis.

3.1. Assessment of precision and trueness of individual analytical methods
using commercial controls
ELISA methods obtained the lowest coefficient of variation values
when evaluating accuracy under repeatability conditions (Table 1). The
results of bias or agreement with the declared values of commercial
control materials assessed using a one-sample t-test of both methods
were comparable (Table 1). When comparing the obtained bias value
with the maximum permissible bias value calculated on the basis of the
biological variability of sNfL (< 8.9%) (Hviid et al., 2021) a comparable
bias value of both methods was found. Due to the lack of knowledge of
biological variability of sNfH, it was not possible to comment on the bias
value of this test.

2.3. Analytical methods
The concentrations of sNfL and serum NfH (sNfH) were determined
by SIMOA (NF-light™ Advantage Kit HD-1/HD-X, REF 103186, RUO;
pNF-heavy Discovery Kit HD-1/HD-X, REF 102669, RUO; Quanterix
Corporation) and hsELISA assays (Nf-light serum ELISA, REF.
30210101, RUO, UmanDiagnostics AB; Neurofilament (pNf-H) - high
sensitive ELISA, REF EQ6562-9601, IVD, Euroimmun AG). The kit
manufacturers stated that the limits of detection were 0.038 ng/L for
sNfL SIMOA, 0.663 ng/L for sNfH SIMOA, 0.4 ng/L for sNfL hsELISA and
1.7 ng/L for sNfH hsELISA, respectively. All samples were analysed in
duplicates. Measurements of sNfL and sNfH SIMOA were performed
using a 4X diluted serum. Intra-assay coefficients of variation for sNfL
were 0.0 to 7.7% and the inter-assay coefficients of variation were 0.0 to
6.4%, and for sNfH 2.7 to 10.1% and 4.2 to 15.6%, respectively. For sNfL

3.2. The comparison of SIMOA and high sensitivity ELISA assays in the
MS cohort
A total of 32 patients’ samples were used for the comparison of both
assays. The median sNfL concentration was 11.65 ng/L (IQR 9.48 –
2
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Table 1
Assessment of precision and trueness of individual analytical methods using commercial controls.
Analyte

Level 1
Mean (ng/L)

SD

CV
(%)

Bias (%)

P value

Level 2
Mean (ng/L)

SD

CV
(%)

sNfL hsELISA
sNfL hsSIMOA
sNfH hsELISA
sNfH hsSIMOA

16.0
3.24
33.9
138

0.95
0.42
2.00
12.7

5.96
13.0
5.90
9.17

5.63
-4.42
-3.03
6.31

0.10
0.47
0.29
0.23

165
91.3
2565

19.5
8.67
273

11.9
9.49
10.7

Bias (%)

P value

2.81
-0.78
2.60

0.60
0.87
0.62

Abbreviations: sNfL: serum neurofilament light chain; sNfH: serum neurofilament heavy chain; SD: standard deviation; CV: coefficient of variation.

16.03) using SIMOA and 8.40 ng/L (IQR 6.30 – 11.28) using hsELISA.
The median sNfH concentration was 34.85 ng/L (IQR 9.28 – 53.28)
using SIMOA and 5.96 ng/L (IQR 1.70 – 26.0) using hsELISA. The
Spearman’s rank correlation coefficient between the sNfL SIMOA and
sNfL hsELISA, and between the sNfH SIMOA and sNfH hsELISA was
moderate rs= 0.543 (p = 0.001) and rs= 0.583 (p = 0.001), respectively.
The Passing-Bablok regression analysis demonstrated bias between both
methods (Fig. 1). Equally significant bias between the methods was
confirmed by the Bland-Altman plots (Fig. 2). On average, SIMOA
measured 3.69 ng/L (29.8%) higher values of sNfL, and 20.94 ng/L
(87.1%) higher value of sNfH than hsELISA. The differences in measured
concentrations were also clinically significant, i.e. greater than the
allowed error for determination (25%).

levels per 1 mL/s increase in eGFR (Table 3, Fig. 3).
3.4. High sensitivity ELISA sNfH levels and contributing factors
The median sNfH concentration (n = 69) was 6.45 ng/L (IQR 2.45 –
18.09 ng/L). The demographic characteristics of the patients are pre
sented in Table 2. No association was found between sex, BMI, blood
volume, reported cardiological comorbidities and log sNfH levels in the
univariate model. However, a significant association between log sNfH
and BMI was found in the multiple regression model (95% CI -0.31 to
-0.05, p = 0.009), and log sNfH and blood volume with an average in
crease of 2.02 ng/L (95% CI 0.69 to 3.35, p = 0.004) in log sNfH per litre
increase in blood volume. Similarly, the female sex was associated with
higher log sNfH in the multiple regression model (95% 0.26 to 2.66, p =
0.018). A significant positive association between log sNfH and age was
found in the simple and multiple regression model (95% CI 0.01 to 0.07,
p = 0.014). There was a negative association between sNfH and eGFR
(95% CI -2.45 to -0.02, p = 0.046) in both models.

3.3. High sensitivity ELISA sNfL levels and contributing factors
The median sNfL concentration (n = 60) was 8.85 ng/L (IQR 6.10 –
16.57 ng/L). The demographic characteristics of the patients are pre
sented in Table 2. In the simple regression model, there was no statis
tically significant association between log sNfL levels and age, sex, BMI,
blood volume, reported cardiological comorbidities, and eGFR. There
were lower log sNfL levels in women in the multivariate model (95% CI
-2.38 to -0.10, p = 0.033). There was a significant association between
eGFR and sNfL in the multiple regression model with an average
decrease of -1.19 ng/L (95% CI -2.34 to -0.04, p = 0.043) in log sNfL

4. Discussion
In this analytical study, we compared the SIMOA and hsELISA assays
for the measurement of sNfs concentration for the first time in existing
literature. The results were rather discouraging, showing large differ
ences between these methods, especially for sNfH. For sNfL

Fig. 1. The Passing-Bablok analysis of (A) SIMOA sNfL vs hsELISA sNfL and (B) SIMOA sNfH vs hsELISA sNfH
3
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Fig. 2. Bland-Altman plot with limits of agreement of (A) SIMOA sNfL vs hsELISA sNfL and (B) SIMOA sNfH vs hsELISA sNfH in units (ng/L).
Legend: The shaded blue represents the bias with 95% confidence interval, green represents upper limit of agreement with 95% confidence interval, and red lower
limit of agreement with 95% confidence interval.

high costs of the method prevent it being used worldwide. Hence, the
improvements in ELISA methods which are by far less expensive and
easy to perform in most laboratories, are to be welcomed.
Several studies have addressed the issue of potential confounders on
blood Nfs concentrations measured by SIMOA assays. Our study
demonstrated a negative association between sNfs measured by hsELISA
and eGFR, which was previously observed in non-MS aging populations
(Akamine et al., 2020; Ladang et al., 2022). The reason for such asso
ciation remains unclear but may be related to the presence of lower
molecular weight fragments of sNfs (recognised by the antibodies used
in sNfs assays) that are filtered in the glomerulus (Ladang et al., 2022).
Estimation of molecular weights of Nfs proteins in blood by SDS elec
trophoresis could possibly give an answer. With further advances in
mass spectrometry and improvement in assay sensitivity, determination
of molecular weights of Nfs proteins in blood could also become avail
able in the future. Akamine et al. 2020 also speculated about an indirect
association between decreased kidney function and damage of the
central nervous system. This theory was based on low levels of eryth
ropoietin and vitamin D (both of which were reported to have neuro
protective effects) in patients with impaired renal function (Akamine
et al., 2020).

Table 2
Characteristics of the study participants.
Number of samples
Age (median, IQR)
Women (n, %)
BMI (median, IQR)
eGFR (median, IQR)
Blood volume in litres (median, IQR)
Ongoing DMTs (n, %)
Moderately effective DMTs
Highly effective DMTs
Time on DMTs in days (median, IQR)
Cardiological comorbidities (n, %)

sNfL

sNfH

60
36.5 (27.6–46.5)
42 (75.0)
24.2 (22.0– 27.5)
1.75 (1.59–1.90)
3.20 (2.91 – 3.77)

69
37.0 (28.1 – 45.4)
49 (71.0)
23.7 (21.6–26.8)
1.76 (1.60 – 1.93)
3.18 (2.88 – 3.75)

48 (80.0)
0 (0)
28 (23 – 30)
8 (13.3)

54 (78.3)
3 (4.3)
28 (23 – 33)
8 (11.6)

Abbreviations: n: number; IQR: interquartile range; sNfL: serum neurofilament
light chain; sNfH: serum neurofilament heavy chain; BMI: body mass index;
eGFR: estimated glomerular filtration rate; DMTs: disease modifying treatments.

concentrations, the differences between hsELISA and SIMOA were more
acceptable than for ELISA (Kuhle et al., 2016). Although SIMOA was
proposed as a potential gold standard for blood Nfs determination, the
4
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Table 3
Associations between hsELISA neurofilament levels and contributing factors.
Outcome

N

Predictor

Simple model
ß (95% CI)

R2

P value

Multiple model
ß (95% CI)

R2

P value

sNfL

60
60
60
60
60
60
69
69
69
69
69
69

Age
Women
BMI
Blood volume
Cardiological comorbidities*
eGFR
Age
Women
BMI
Blood volume
Cardiological comorbidities*
eGFR

-0.003 (-0.02 to 0.02)
-0.33 (-0.87 to 0.21)
-0.01 (-0.06 to 0.05)
0.04 (-0.37 to 0.46)
-0.35 (-1.08 to 0.38)
-0.83 (-1.87 to 0.22)
0.04 (0.02 to 0.07)
-0.25 (-0.90 to 0.40)
0.04 (-0.03 to 0.10)
0.48 (-0.01 to 0.96)
1.94 (-0.25 to 1.57)
-1.95 (-3.12 to -0.78)

0.00
0.03
0.00
0.00
0.02
0.04
0.14
0.01
0.02
0.05
0.03
0.14

0.816
0.227
0.850
0.846
0.340
0.118
0.002
0.448
0.236
0.055
0.154
0.001

-0.02 (-0.04 to 0.01)
-1.24 (-2.38 to -0.10)
0.09 (-0.03 to 0.20)
-1.12 (-2.34 to 0.11)
-0.37 (-1.14 to 0.40)
-1.19 (-2.34 to -0.04)
0.03 (0.01 to 0.06)
1.33 (0.13 to 2.53)
-0.16 (-0.29 to -0.03)
1.83 (0.51 to 3.15)
0.47 (-0.40 to 1.33)
-1.23 (-2.45 to -0.02)

0.15
0.15
0.15
0.15
0.15
0.15
0.30
0.30
0.30
0.30
0.30
0.30

0.261
0.033
0.121
0.073
0.341
0.043
0.020
0.030
0.018
0.008
0.287
0.046

sNfH

Abbreviations: N: number; ß: beta coefficient; 95% CI: 95% confidence interval; R2: R- squared; sNfL: serum neurofilament light chain; sNfH: serum neurofilament
heavy chain; BMI: body mass index; eGFR: estimated glomerular filtration rate.
*
Included arterial hypertension, chronic venous insufficiency, congenital valve defect, and deep vein thrombosis and pulmonary embolism.

Fig. 3. Coefficient plots with 95% confidence interval from the multiple linear regression models (A) for sNfL levels and (B) for sNfH levels.
Abbreviations: BMI: body mass index; eGFR: estimated glomerular filtration rate.

Other factors influencing the sNfs concentrations are less clear and
the body of evidence is inconsistent. We have found a positive associa
tion of sNfH with age. CSF NfH were correlated with age in previous
studies in both control groups and MS patients (Kuhle et al., 2011;
Teunissen et al., 2009). Age was not an independent predictive factor for
sNfH levels in one published study (Gresle et al., 2014). While we found
a negative association between sNfH and BMI, we were not able to
confirm a similar association for sNfL, at variance with previous studies
(Manouchehrinia et al., 2020; Nilsson et al., 2019). Sex differences were
inconsistent for sNfL and sNfH in our study and may reflect different
disease characteristics since no sex differences were observed for sNfL
apart from amyotrophic lateral sclerosis (Barro et al., 2020; Fialová
et al. 2022), where higher concentrations in female patients were found
(Lu et al., 2015; Thouvenot et al. 2020). It was explained by the higher
severity of the disease in female versus male patients (Barro et al., 2020).
A positive association between estimated blood volume and sNfH con
centration is at variance with results obtained for NfL by Man
ouchehrinia et al. (2020). Deeper understanding of the kinetics of Nfs
proteins is needed to explain the observed associations.
Our study has several limitations. The modest limitation is a limited
sample size and missing control group of healthy controls as it was not
originally our intention to compare these analytical methods as part of
the prospective study. Other limitations are the patient self-reported
comorbidities, weight and height, which may potentially bias the
results.

5. Conclusions
In this analytical study of patients with confirmed MS, we compared
the SIMOA and hsELISA assays in the determination of sNfs. Our results
showed significant differences between these methods, especially for
sNfH concentrations. Furthermore, we identified confounding factors
for sNfs levels determined by hsELISA. The sNfs levels were influenced
by renal function and sex, sNfH by age, BMI, and total blood volume.
Further studies with a larger sample size and control group are
warranted.
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