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Introduction: To study cerebrospinal fluid neurofilament light chain (CSF-NfL) levels as a prognostic biomarker in pediatric Guillain-Barré syndrome (GBS).

Methods: Prospective study enrolling 26 pediatric GBS patients and 48 healthy controls (HCs) from neurology units between 2017 to 2021. The CSF-NfL levels were measured by enzyme-linked immunosorbent assay. The children's disability levels were evaluated using Hughes Functional Score (HFS) at nadir, 1 month, and 6 months after onset. The receiver operating characteristic (ROC) curve derived from logistic regression (with age as a covariate) was used to assess the prognostic value of CSF-NfL on the possibility of walking aided at 1 month after symptom onset.

Results: The mean CSF-NfL levels were significantly increased in GBS patients (111.76 pg/mL) as compared to that in HCs (76.82 pg/mL) (t = 6.754, p < 0.001). At follow- up, the mean CSF-NfL levels after treatment (65.69 pg/mL) declined significantly (t = 6.693, p < 0.001). CSF-NfL levels upon admission were significantly associated with the HFS at nadir (rs = 0.461, p = 0.018). Moreover, the mean CSF-NfL levels in GBS patients with poor prognosis (130.47pg/mL) were significantly higher than that in patients with good prognosis (104.87pg/mL) (t = 2.399, p = 0.025). ROC curve analysis of the predictive value of CSF-NfL levels with respect to the inability to walk unaided within 1 month showed a significant difference (area under the curve: 0.857,95% confidence interval 0.702-1.000; p = 0.006).

Conclusion: CSF-NfL levels were increased in pediatric GBS patients. High CSF-NfL level predicted worse motor function, and was strongly associated with poor short-term prognosis of pediatric GBS. We propose a biomarker for early prediction of outcome in pediatric GBS, which would be applicable for clinical practice and efficacy of treatment in the future.
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Introduction

Guillain–Barré syndrome (GBS) is currently the most common cause of acute flaccid paralysis in children and is thought to be provoked by an aberrant immune response. Potential triggering factors include viruses such as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), Zika virus, cytomegalovirus (CMV), Epstein–Barr virus (EBV), and influenza virus, bacteria such as Campylobacter Jejuni, Mycoplasma Pneumoniae and other factors such as vaccinations, surgery, and malignancy (1). Since GBS associated with COVID-19 is being increasingly reported, and given the current impact of the COVID-19 pandemic, it is important to conduct SARS-CoV-2 reverse transcription polymerase chain reaction (RT-PCR) testing with naso- or oropharyngeal swab in all patients with suspected GBS to rapidly isolate cases. The diagnosis of GBS is mainly based on clinical history and presentation, and ancillary investigations such as cerebrospinal fluid (CSF) examination and electrophysiological studies (2). However, making a diagnosis of pediatric Guillain-Barré syndrome can be challenging, and it is highly dependent on ancillary examinations. Electrophysiological studies play an important role in early diagnosis and determining the subtypes of GBS (3). However, the electrophysiological measurements can be normal in the early course of the disease, and hence they might not meet the electrophysiological diagnostic criteria of GBS. Therefore, there is an urgent need for a sensitive and specific biomarker that could identify GBS at the acute stage.

Many studies have shown that patients with GBS differ considerably in their clinical manifestation and prognosis (4, 5). Children with GBS tend to have a good prognosis (6). However, a minority of patients were unable to walk independently 6 months after onset. Therefore, it is critical to identify poor prognoses early on for pediatric GBS patients for implementing effective treatment strategies to avoid irreversible nerve degeneration. Some prognostic methods, such as the modified Erasmus GBS outcome score and Erasmus GBS respiratory insufficiency score can be applied to adult patients with GBS (7, 8), however, whether they are suitable for children with GBS remains unknown. Therefore, it is urgently necessary to discover an objective and valid biomarker that could predict the outcome of GBS in children.

As the most important axonal damage biomarker, neurofilament levels have emerged as important in neurological disorders, such as multiple sclerosis (9), Alzheimer's disease (10), and Guillain–Barré syndrome. Some studies have shown that the CSF and serum concentrations of neurofilament heavy chain levels (NfH) were increased in children with GBS (11), and other studies have demonstrated that high serum neurofilament light chain levels (sNfL) were also increased and associated with poor prognosis in adult GBS (12), however, the correlation of CSF-NfL levels and outcome in children with GBS were not analyzed in these studies. Thus, in the present study, we aimed to: (1) determine the CSF-NfL levels by enzyme-linked immunosorbent assay (ELISA) in healthy children and pediatric GBS patients; (2) analyze the value of CSF-NfL levels in early diagnosis and therapeutic efficacy in pediatric GBS; and (3) examine the association between CSF-NfL levels and clinical features as well as the outcome of Guillain-Barré syndrome in children.



Materials and methods


Subjects

We enrolled 26 pediatric GBS patients (under 14 years of age) who were admitted to our hospital between September 2017 and January 2021. Patients fulfilling levels 1 or 2 of the Brighton criteria of GBS (13) were included in the study. Patients with Miller Fisher syndrome and other causes of neuropathies, such as spinal anterior horn lesion caused by infection of poliovirus or enterovirus 71, acute transverse myelitis, chronic inflammatory demyelinating polyneuropathy, were excluded. The control group consisted of 48 children who visited our hospital because of psychiatric disorders, migraine, and benign intracranial hypertension. They did not present with any known axonal damage or the presence of objective clinical signs after extensive diagnostic evaluation. All the participants provided written informed consent for the use of their CSF for research purposes. This study was approved by the Ethics Committee of the Children's Hospital of Hebei Province.



Methods
 
CSF samples and analytical methods

CSF samples of GBS patients were collected upon admission and 2 weeks after the treatment. All samples were collected into a polypropylene tube and stored at −80°C until the analysis. Samples were analyzed by two investigators blinded to clinical data using the Nf-light kit (ELISA kits: Uman Diagnostics NF-light®). Sample processing was carried out according to the manufacturer's instructions and protocol. All samples were measured in duplicates. The mean intra- and inter-assay coefficients of variation for mean CSF-NfL level (111.76 pg/mL) were 1.9and 4.5%, respectively.



Clinical data and ancillary investigations

(1) Limb disability was assessed by Hughes Functional Scale (HFS) at nadir, 1 month, and 6 months after onset. Patients with HFS ≥ 3 were categorized as poor outcomes, and patients with HFS <3 were categorized as good outcomes. Other clinical manifestations, such as facial paralysis, paraesthesias, autonomic dysfunction, and mechanical ventilation were also analyzed. (2) The pleocytosis and protein levels of CSF were measured within 4 weeks of weakness onset. (3) Electrophysiologic examinations were performed at least twice and patients were classified into acute inflammatory demyelinating polyneuropathy (AIDP) and acute motor axonal neuropathy (AMAN) according to the Hughes electrodiagnostic criteria (14).



Statistical analyses

Statistical analyses were performed using the IBM SPSS Statistics 24. Categorical data were shown as proportions, and continuous data were shown as mean ± SD or medians with IQR. Differences in proportions were tested by χ2 tests. The continuous variables were tested by the t-test or Mann–Whitney U test. The associations between basal characteristics and CSF-NfL levels were analyzed using Pearson correlation or Spearman's correlation coefficient. The receiver operating characteristic (ROC) curve derived from logistic regression (with age as a covariate) was used to evaluate the prognostic value of CSF-NfL on the probability of walking dependently. Statistical significance was set at 0.05.





Results


CSF-NfL in pediatric GBS patients and healthy controls

A total of 26 children patients (mean age 6 years; 14 males) were recruited. The mean CSF-NfL level for the GBS patients upon admission was 111.76 ± 26.33 pg/mL. Forty-eight healthy age-matched controls (mean age 7 years; 30 males) were included, and their mean CSF-NfL level was 76.82 ± 17.96 pg/mL. CSF-NfL levels were significantly higher in the GBS patients than in healthy controls (t = 6.754, p < 0.001) (Table 1; Figure 1).


TABLE 1 CSF-NfL in patients with GBS upon admission and healthy controls.
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FIGURE 1
 CSF-NfL levels in GBS patients and healthy controls. Box plots indicate median and IQR with whiskers extending 1.5 times the IQR. CSF-NfL, cerebrospinal fluid neurofilament light chain; GBS, Guillain–Barré syndrome; HC, healthy control.


At follow-up, 14 patients were recruited, and the mean CSF-NfL levels before and after treatment were 101.85 ± 19.12 pg/mL and 65.69 ± 16.71 pg/mL, respectively. The CSF-NfL levels after treatment declined significantly (t = 6.693, p < 0.001) (Figure 1). The CSF-NfL levels were not significantly different between GBS patients after treatment and the healthy controls (t = 2.069, p = 0.053) (Figure 1).



Relationship between CSF-NfL levels and baseline clinical features in pediatric GBS

CSF-NfL levels upon admission were significantly associated with the Hughes Functional Score (HFS) calculated at nadir (rs = 0.461, p = 0.018) (Figure 2A). Meanwhile, CSF-NfL levels were correlated with CSF protein levels (rs =0.392, p = 0.048). Other clinical features and CSF-NfL levels are summarized in Table 2.
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FIGURE 2
 (A) Association of cerebrospinal fluid neurofilament light chain (CSF-NfL) concentrations upon admission with the Hughes Functional Score (HFS) calculated at nadir with a Spearman's correlation coefficient rs of 0.461 (p = 0.018). Each dot in the scatter plot represents a sample. (B) CSF-NfL levels on admission in patients who were good or poor prognoses at 1 month after symptom onset. Box plots indicate median and IQR with whiskers extending 1.5 times the IQR. (C) Receiver operating characteristic (ROC) curve derived from logistic regression (with age as a covariate) was used to analyze the potential predictive value of CSF-NfLlevels with respect to unable to walk unaided (Hughes grade of 3 and more).



TABLE 2 Relationship between CSF-NfL levels and basal characteristics in pediatric GBS.
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There was no association between CSF protein levels and prognosis in GBS patients (rs = 0.002, p = 0.991), and receiver operating characteristic (ROC) curve analysis of the predictive value of CSF protein levels showed no statistical difference (area under the curve [AUC]: 0.594, 95% confidence interval [CI] 0.363–0.825; p = 0.470).

In this study, the mean CSF-NfL levels in GBS patients with good or poor prognosis were 104.87 ± 24.18 and 130.47 ± 24 pg/mL, respectively, furthermore, this difference was significant (t = 2.399, p = 0.025) (Figure 2B). A correlation between CSF-NfL and age in adults has been reported previously. We performed an analysis of covariance, with age as a confounder. The mean age in the GBS group was 6 ± 3 years and 7 ± 3 years in the control group. Age and CSF-NfL levels were significantly associated in the control group (r = 0.0.841, p < 0. 001), which was not the case for the GBS patients (r = 0.119, p = 0.561). Analysis of covariance suggested no influence of age on CSF-NfL concentrations (F = 2.522, p = 0.126), whereas the age-adjusted group difference was preserved (p = 0.009). ROC curves derived from logistic regression (with age as a covariate) were used to analyze the potential predictive value of CSF-NfL levels with respect to unable to walk unaided (Hughes grade of 3 and more) within 1 month, which showed a statistically significant difference (area under the curve [AUC]: 0.857,95% confidence interval [CI] 0.702–1.000; p = 0.006) (Figure 2C).




Discussion

Guillain-Barré syndrome (GBS) is one of the most common causes of acute flaccid paralysis in children, and is characterized by progressive, relatively symmetrical limb weakness with or without paresthesia (15). The prognosis of GBS tends to be good after effective treatments, however, about one-fifth of the patients are unable to walk independently at 6 months after symptom onset, and about 7% of patients die (16). Many studies have shown that pediatric GBS has a good prognosis (17, 18). In the present study, seven (7/26, 26.9%) and 19 patients (19/26, 73.1%) showed poor and good prognoses, respectively, at 1 month after symptom onset, whereas none of the patients was unable to walk independently at 6 months after symptom onset. Therefore, a convenient and reliable biomarker to predict the clinical prognosis of pediatric GBS is essential for patients.

Neurofilament light protein (NfL) is one of the most important intracellular neuronal skeletal proteins and is secreted into CSF during axonal damage (19). In the literature to date, the potential value of NfL as a biomarker for axonal damage has been discussed in multiple neurological disorders, such as amyotrophic lateral sclerosis (20), chronic inflammatory demyelinating polyneuropathy (21), cerebral vasculitis (22). Patients with these conditions have elevated NfL levels as compared to healthy individuals. This is consistent with the results of our study, wherein mean CSF-NfL levels of pediatric GBS patients were significantly higher than those of healthy controls. Moreover, at follow-up, mean CSF-NfL levels after treatment significantly declined along with the amelioration of the disease. These findings indicate that CSF-NfL levels might become an objective biomarker for early diagnosis and therapeutic efficacy.

CSF albuminocytological dissociation phenomenon could further assist the diagnosis of GBS (23). CSF protein elevation reflected the damage of the blood-nerve and blood-brain barrier and the subsequently increased permeability. GBS patients with higher CSF-NfL levels had more severe demyelination and axonal damage than GBS patients with lower CSF-NfL values, which also manifested as a more severe motor disability. In the present study, CSF-NfL levels were significantly correlated with protein levels and the Hughes Functional Score (HFS) at nadir. All these findings signify that higher CSF-NfL levels could be used to predict worse motor function and more clinical severity.

Higher CSF-NfL levels in adult GBS had also been associated with a poorer clinical prognosis (24). In the present study, CSF-NfL levels in GBS patients with poor prognosis were significantly higher than that in patients with good prognosis. Further, ROC curve analysis demonstrated the potential predictive value of the CSF-NfL levels. This showed that higher CSF-NfL levels were strongly correlated with poor short-term prognosis of GBS, and served as an independent factor associated with the inability to walk. Therefore, higher CSF-NfL levels could also alert physicians in the early stage of the disease to ensure active and effective treatments to improve the prognosis and shorten the course of the disease.

Our study was also subject to some limitations. First, the association of CSF-NfL levels and electrophysiological subtypes was not evaluated because of a smaller number of cases. Secondly, this was a small prospective study that recruited 26 pediatric GBS patients. We will further conduct some prospective clinical studies on the prognosis of children with GBS based on the present study.

In conclusion, CSF-NfL levels are increased in pediatric GBS patients, higher CSF-NfL predicted worse motor function and were strongly associated with poor short-term prognosis of pediatric GBS. We proposed a biomarker for early prediction of outcome in the pediatric GBS, applicable for clinical practice and future treatment efficacy.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

This study was approved by the Ethics Committee of the Children's Hospital of Hebei Province. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



Author contributions

LZ and YZ collected serum and CSF samples. JL acquired the electrophysiological data. ZZ completed the statistical analysis. MJ designed the experiments, interpreted the results, and drafted the initial manuscript. KL reviewed the data and revised the manuscript. SS revised the initial draft and wrote the final manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by grants from the Medical Science Research Key Project Plan of Hebei Province in 2020(20200223).



Acknowledgments

We would like to thank Editage (www.editage.cn) for English language editing. We wish to thank the laboratory technicians YIN H and CAO YY for their expert technical assistance.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Abu-Rumeileh S, Abdelhak A, Foschi M, Tumani H, Otto M. Guillain–Barré syndrome spectrum associated with COVID-19: an up-to-date systematic review of 73 cases. J Neurol. (2021) 268:1133–70. doi: 10.1007/s00415-020-10124-x

 2. Shahrizaila N, Lehmann HC, Kuwabara S. Guillain-Barré syndrome. Lancet. (2021) 397:1214–28. doi: 10.1016/S0140-6736(21)00517-1

 3. Rath J, Schober B, Zulehner G, Grisold A, Martin K, Zimprich F, et al. Nerve conduction studies in Guillain-Barré syndrome: influence of timing and value of repeated measurements. J Neurol Sci. (2021) 420:117267. doi: 10.1016/j.jns.2020.117267

 4. Rajabally YA, Uncini A. Outcome and its predictors in Guillain-Barre syndrome. J Neurol Neurosurg Psychiatry. (2012) 83:711–8. doi: 10.1136/jnnp-2011-301882

 5. Hughes RA, Cornblath DR. Guillain-Barré syndrome. Lancet. (2005) 366:1653–66. doi: 10.1016/S0140-6736(05)67665-9

 6. Karalok ZS, Taskin BD, Yanginlar ZB, Gurkas E, Guven A, Kose G, et al. Guillain-Barré syndrome in children: subtypes and outcome. Child Nerv Syst. (2018) 34:2291–7. doi: 10.1007/s00381-018-3856-0

 7. Walgaard C, Lingsma HF, Ruts L, van Doorn PA, Steyerberg EW, Jacobs BC. Early recognition of poor prognosis in Guillain-Barre' syndrome. Neurology. (2011) 76:968–75. 0b013e3182104407. doi: 10.1212/WNL.0b013e3182104407

 8. Walgaard C, Lingsma HF, Ruts L, Drenthen J, Steyerberg EW, Jacobs BC, et al. Prediction of respiratory insufficiency in Guillain-Barré syndrome. Ann Neurol. (2010) 67:781787. doi: 10.1002/ana.21976

 9. Salzer J, Svenningsson A, Sundström P. Neurofilament light as a prognostic marker in multiple sclerosis. Mult Scler J. (2010) 16:287–92. doi: 10.1177/1352458509359725

 10. Gaetani L, Blennow K, Calabresi P, Filippo MD, Parnetti L, Zetterberg H. (2019). Neurofilament light chain as a biomarker in neurological disorders. J Neurol Neurosur PS. 90:870–81. doi: 10.1136/jnnp-2018-320106

 11. Petzold A, Hinds N, Murray NM, Hirsch NP, Thompson EJ, Reilly MM, et al. CSF neurofilament levels: a potential prognostic marker in Guillain–Barre' syndrome. Neurology. (2006) 67:1071–3. doi: 10.1212/01.wnl.0000237334.69665.92

 12. Martín-Aguilar L, Camps-Renom P, Lleixà C, Alcolea D, Rojas-Marcos I, Querol L, et al. Serum neurofilament light chain predicts long-term prognosis in Guillain-Barré syndrome patients. J Neurol Neurosur PS. (2020) 11:1–8. doi: 10.1101/2020.03.24.20042200

 13. Sejvar JJ, Kohl KS, Gidudu J, Amato A, Bakshi N, Wiznitzer M, et al. Guillain-Barré syndrome and Fisher syndrome: case definitions and guidelines for collection, analysis, and presentation of immunization safety data. Vaccine. (2011) 29:599–612. doi: 10.1016/j.vaccine.2010.06.003

 14. Hughes RA, Newsom-Davis JM, Perkin GD, Pierce JM. Controlled trial prednisolone in acute polyneuropathy. Lancet. (1978) 2:750–3. doi: 10.1016/S0140-6736(78)92644-2

 15. Van den Berg B, Walgaard C, Drenthen J, Fokke C, Jacobs BC, van Doorn PA. Guillain-Barré syndrome: pathogenesis, diagnosis, treatment and prognosis. Nat Rev Neurol. (2014) 10:469–82. doi: 10.1038/nrneurol.2014.121

 16. Van den Berg B, Bunschoten C, Van Doorn PA, Jacobs BC. (2013). Mortality in Guillain-Barre syndrome. Neurology. 80:1650–4. doi: 10.1212/WNL.0b013e3182904fcc

 17. Roodbol J, de Wit MC, Aarsen FK, Catsman-Berrevoets CE, Jacobs BC. Long-term outcome of Guillain-Barré syndrome in children. J Peripher Nerv Syst. (2014) 19:121–6. doi: 10.1111/jns5.12068

 18. Jin M, Zhao L, Liu J, Geng W, Zhao Z, Sun S, et al. Association between the rate of treatment response and short-term outcomes in childhood Guillain-Barré syndrome. Front Neurol. (2021) 12:746389. doi: 10.3389/fneur.2021.746389

 19. Grant P, Pant HC. Neurofilament protein synthesis and phosphorylation. J Neurocytol. 29:843–72. doi: 10.1023/A:1010999509251

 20. Verde F, Steinacker P, Weishaupt JH, Kassubek J, Ludolph AC, Otto M, et al. Neurofilament light chain in serum for the diagnosis of amyotrophic lateral sclerosis. J Neurol Neurosur PS. (2019) 90:157–64. doi: 10.1136/jnnp-2018-318704

 21. van Lieverloo GGA, Wieske L, Verhamme C, Vrancken AFJ, van Doorn PA, Eftimov F, et al. Serum neurofilament light chain in chronic inflammatory demyelinating polyneuropathy. J Peripher Nerv Syst. (2019) 24:187–94. doi: 10.1111/jns.12319

 22. Pawlitzki M, Butryn M, Kirchner F, Beuing O, Meuth SG, Neumann J, et al. CSF Neurofilament light chain level predicts axonal damage in cerebral vasculitis. Ann Clin Transl Neuro. (2019) 6:1134–7. doi: 10.1002/acn3.790

 23. Davalosa L, Nowace D, Elsheikh B, Reynold EL, Stino AM. Cerebrospinal fluid protein level and mechanical ventilation in Guillain-Barré syndrome patients. J Neuromuscular Dis. (2021) 8:299–303. doi: 10.3233/JND-200581

 24. Altmann P, De Simoni D, Kaider A, Ludwig B, Rath J, Rommer PS, et al. Increased serum neurofilament light chain concentration indicates poor outcome in Guillain-Barré syndrome. J Neuroinflammation. (2020) 17:86. doi: 10.1186/s12974-020-01737-0





OPS/images/fneur-13-972367-t001.jpg
Variables

Age, years,
meansSD
Male, n (%)
NL,pg/mL,
meansSD

GBS
patients
(n=26)

6434

14(53.8)
111.76 £ 26.33

Healthy
controls
(n=48)

7£26

30(62.5)

76.82 % 17.96

Statistic
values

= 1.561

X =052
=6.754

P-value

0.123

0469
<0.001





OPS/images/fneur-13-972367-t002.jpg
Basal characteristics CSF-NfL  Statistic  P-value

(n=26) levels values
pg/mL
Age, years, meanz:SD 634 r=0119 0561
Gender, n (%) r=028 0152
Male 14(53.8)
Female 12(46.2)
Preceding event, 1 (%) - 0256
Respiratory infection 16(61.5)
Diarrhea 13.8)
None 9(34.6)

From onset to nadir, days, median ~ 7.5(375-12) 1 =0.249 0220
(IQR)

Hughes score at nadir, grade, 402-4) r=0461 0018
median (IQR)
Neurological symptoms, n (%)
Facial paralysis 519.2) r=0023 0910
Bulbar paralysis 6(23.1) r=0107 0603
Neuropathic pain 17(65.4) r=0080 0697
Autonomic dysfunction, 1 (%) 7(26.9) r=0215 0292
Mechanical ventilation, 1 (%) 14(53.8) r=0023 0911
EMG variants, n (%) r=0187 0359
AIDP 23(88.5)
AMAN 3(11.5)
Proteins in CSE, g/L, median (IQR) 093 r=0392 0048
(0.68-1.31)
Pleocytosis, 10°/L, median (IQR) 42-925)  n=0124 0546
Treatment, n (%) r=0087 0671
VIg 23(88.5)
1VIg+ PLEX 3(11.5)
Hughes score at | month after 101-3) =043 0027

onset, grade, median (IQR)

Hughes score at 6 month after 0 R=0107 0602
onset, grade, median (IQR)

Duration of hospitalization, days, 2508112 r=0243 0232
mean & SD

Prognosis, 1 (%) r=0440 0025
Good 1973.1)
Poor 7(269)

GBS, Guillin-Barré  syndrome;  AIDR acute  inflammatory  demyelinating
polyneuropathy;  AMAN, acute motor axonal neuropathy; IVlg, Intravenous
immunoglobulin; PLEX, plasma exchange; 1, Pearson correlation; r,, Spearman's
correlation coeffi






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cerebrospinal fluid neurofilament light chain predicts short-term prognosis in pediatric Guillain-Barré syndrome



		Introduction



		Materials and methods



		Subjects



		Methods



		CSF samples and analytical methods



		Clinical data and ancillary investigations



		Statistical analyses













		Results



		CSF-NfL in pediatric GBS patients and healthy controls



		Relationship between CSF-NfL levels and baseline clinical features in pediatric GBS







		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Cerebrospinal fluid
neurofilament light chain
predicts short-term prognosis in
pediatric Guillain-Barré
syndrome





OPS/images/fneur-13-972367-g001.gif





OPS/images/fneur-13-972367-g002.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





