
CEP Clin Exp Pediatr Vol. 65, No. 2, 81–82, 2022
https://doi.org/10.3345/cep.2021.01445

Editorial

Key message

Cerebrospinal fluid (CSF) has many important biomarkers 
that are commonly analyzed in pediatric neurologic diseases, 
including central nervous system infection and inflammation. 
Neurologic disease in pediatrics is difficult to diagnosis, there 
are challenges in developing CSF profiles. Some biomarkers are 
expected to help differential diagnosis.

The analysis of cerebrospinal fluid (CSF) is an important but 
invasive diagnostic test performed in young children. Since 
the introduction of the lumbar puncture test by Dr. Heinrich 
Quincke in the 19th century, CSF biomarkers have been used in 
pediatric neurology.1) The CSF analysis biomarkers frequently 
used by pediatric neurologists include cell count, albumin ratio 
with CSF/blood, lactate, immunoglobulin G (IgG), and immu­
noglobulin M.2)

CSF components have been evaluated as biomarkers of adult 
neurological disorders, including Alzheimer’s disease, traumatic 

brain injury (TBI), amyotrophic lateral sclerosis, and normal-
pressure hydrocephalus.1-3) Because lumbar puncture is an in­
vasive test, it is difficult to analyze CSF profiles in healthy young 
children and identify CSF biomarkers in pediatric neurological 
disorders. MicroRNAs (miRNAs) in the CSF are promising bio­
markers for neurological diseases.4,5) Although few CSF studies 
have examined miRNAs for pediatric neurologic disease, it is 
meaningful to focus on them in pediatric patients with various 
neurological disorders. Low-absorbing polypropylene tubes are 
recommended to be used to collect CSF samples and can be left 
at room temperature for as long as 30 minutes. Transport time to 
the laboratory must be minimized and the sample be cooled on 
the ice during transport.2)

Basic CSF profiles, including cell count, protein level, CSF/
plasma albumin ratio, lactate level, and culture are used to diag­
nose patients with central nervous system (CNS) infections 
and inflammation. Other candidate biomarkers are neopterin, 
tau, glial fibrillary acidic protein (GFAP), and neurofilament 
light (NFL) in patients with infectious and inflammatory CNS 

Corresponding author: Jeongho Lee, MD, PhD. Department of Pediatrics, Soonchunhyang University Seoul Hospital, 59 Daesagwan-ro, Yongsan-gu, Seoul 04401, Korea
 Email: ljh@schmc.ac.kr, http://orcid.org/0000-0003-4455-7540

Received: 16 September 2021, Revised: 22 November, 2021, Accepted: 3 December, 2021

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © 2022 by The Korean Pediatric Society

Cerebrospinal fluid biomarkers in various pediatric neurologic 
diseases
Jeongho Lee, MD, PhD
Department of Pediatrics, Soonchunhyang University Seoul Hospital, Seoul, Korea

Fig. 1. Schematic illustration of cells in the brain and CSF biomarkers. NSE, neuron-specific enolase; CSF, 
cerebrospinal fluid; CXCL-13, chemokine ligand 13; GFAP, glial fibrillary acidic protein; Ig, immunoglobulin; NFL, 
neurofilament light; S-100β, S-100 calcium-binding protein beta.
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See the article “Promising candidate cerebrospinal fluid bio­
markers of seizure disorder, infection, inflammation, tumor, 
and traumatic brain injury in pediatric patients” via https://doi.
org/10.3345/cep.2021.00241.
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conditions.2,6) Microglia and astrocytes form neopterin after cell-
related interferon-gamma. White matter and myelinated axons 
have high structural proteins such as NFL, a good indicator of 
CNS infection and injury.2,7) MiR-29a is a candidate biomarker 
for CNS infection, especially tuberculous meningitis. Several 
studies have reported acute disseminated encephalomyelitis 
(ADEM) and multiple sclerosis (MS) in the first clinical episode 
of neurological symptoms. CSF leukocyte count, IgG level, 
and oligoclonal bands are useful but nonspecific biomarkers of 
CNS inflammation. Chemokine ligand 13 is a new candidate 
biomarker in children with ADEM and MS versus those without 
inflammation.2) Few studies have shown the elevation of miRNA 
profiles (miR-4486, miR6850-5p, miR-642b-3p, miR-7107-5p, 
and miR4281) in patients with febrile seizure.2,8)

In the neonatal period, hypoxic-ischemic encephalopathy 
(HIE) is the most common cause of perinatal mortality and long-
term disability. Neuron-specific enolase (NSE), interlukin-6, 
neurofilament protein, and S-100 are related with HIE. A few 
studies showed that CSF NSE level predicted brain damage 
severity in hypothermia-treated HIE.9)

Famous biomarkers associated with axonal changes such as 
TBI are tau and S-100 calcium-binding protein beta (S-100β). 
These were found in children with seizures and encephalopathy. 
GFAP and S-100β are also expressed by astrocytes, after TBI, and 
in cases of neuroinflammation. In pediatric patients with TBI, the 
levels of platelet selectin (P-selectin) are elevated due to ischemic 
and reperfusion events. Vascular endothelial growth factor is a 
neuroprotective molecule in experimental brain injury models 
whose levels were increased after TBI in human and animal 
studies.10) Other various biomarkers were found in CNS tumors, 
intraventricular hemorrhage, and congenital hydrocephalus. A 
number of tumor-related biomarkers including circulating tumor 
DNA (ctDNA), miRNAs, insulin-like growth factor (IGF), IGF-
binding protein, prostaglandin D2, and apolipoprotein A-II.2) 

(Fig. 1)
Neurotransmitters are important biomarkers for many neuro­

logical diseases related to inborn errors of metabolism. Serotonin, 
dopamine, and tetrahydrobiopterin (BH4) metabolites are key 
markers for the diagnosis of BH4 deficiency and other metabolic 
diseases.

Several CSF markers may be used to diagnose and monitor 
treatments. After identifying proper biomarkers and laboratory 
standardization, it is widely used in pediatric neurology.
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