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Neurofilaments and tau proteins in cerebrospinal fluid and serum in dementias 
and neuroinflammation

Lenka Fialovaa*, Ales Bartosb,c*, Jana Svarcovad 

Aims. The aim of this study was to evaluate the diagnostic potential of cerebrospinal fluid (CSF) and serum levels of 
neurocytoskeletal proteins and their ratios for the diagnosis of dementias and to assess the differences in neurocyto-
skeletal proteins between neurodegeneration and neuroinflammation. 
Methods. CSF and serum levels of neurofilament light subunits (NFL) and neurofilament heavy subunits (NFH) as well 
as CSF levels of total tau (t-tau) and phosphorylated tau (p-tau) proteins were determined using ELISA in 20 Alzheimer’s 
disease patients (AD group), 13 patients with other dementias (OD group), 17 patients with inflammatory aseptic 
neuro-infections (IP), and 20 aged-matched cognitively normal elderly persons (NC group). 
Results. The ratio CSF p-tau/t-tau was significantly higher in the NC group than that in the AD or OD groups (P<0.0005 
for each group). The CSF NFH/p-tau and CSF NFL/p-tau ratios were significantly lower in AD patients than OD patients 
(P≤0.003). Serum and CSF NFL and CSF NFH levels were significantly higher in OD patients than AD patients (P≤0.03). 
The lowest values of the CSF NFL/NFH ratio were found in the IP group and they significantly differed from those in 
normal controls (P<0.0001) and any dementia group (IP vs. AD P<0.0001; IP vs. OD P=0.03). 
Conclusion. CSF tau proteins and their index differentiated between AD or OD patients and cognitively normal sub-
jects, while CSF levels of neurofilaments expressed as their index seem to contribute to the discrimination between 
patients with neuroinflammation and normal controls or AD patients. 
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INTRODUCTION

Alzheimer’s disease (AD) is characterized by spe cific 
neuropathological features involving the formation of 
beta-amyloid plaques and the presence of neurofibrillary 
tangles (NFT) in the brain1,2. Extracellularly located beta-
amyloid plaques contain mainly insoluble peptide beta-
amyloid (Abeta), while neurofibrillary tangles located 
intraneuronally are composed predominantly of cytoskel-
etal protein hyperphosphorylated tau2,3. The presence of 
beta-amyloid plaques and NFT are reflected in the altered 
levels of beta-amyloid, phosphorylated tau protein (p-tau) 
and total tau protein (t-tau) in CSF (further referred to as 
a CSF triplet), and less specific processes like axonal dam-
age by altered neurofilament (NF) levels4-6. Determination 
of these proteins facilitates differentiation of patients with 
AD from cognitively normal elderly individuals and other 
dementias7-9. 

In addition to the CSF triplet (t-tau, p-tau, Abeta 
proteins), NFL in CSF is also considered as a marker 
of neurocytoskeleton impairment in AD. Generally, 

neurofilament light subunits (NFL) are considered to 
be a biomarker of large-caliber myelinated axon injury10. 
Moreover, detailed analysis showed that NFT contain not 
only p-tau but also other phosphorylated proteins includ-
ing neurofilaments 11. A comparison between nine cohorts 
with AD patients and eight control cohorts revealed 2.35 
times average NFL elevation in AD (ref.9). Correlation of 
CSF NFL with accelerated cognitive decline, changes in 
white matter and increased brain atrophy is found in pa-
tients with mild cognitive impairment12. Recently, elevated 
NFL levels were also described in the serum/plasma of 
AD patients13-15. NFH elevation in CSF seems to be less 
prominent in AD. Significantly higher CSF NFH levels as 
well as non-significant elevation of CSF NFH in AD pa-
tients have been described16-18. However, higher NF levels 
in CSF have been found in other dementias, and hence 
determination of NFL and NFH may be valuable in the 
differentiation of dementias5,19,20.

In our study we focused on neurocytoskeletal proteins 
as biomarkers. Measurements of well-established CSF to-
tal and phosphorylated tau proteins were extended with 
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a promising biomarker of NF (ref.9). Our complex evalu-
ation included light and heavy subunits of NF not only 
in CSF, but we also tried to determine serum concentra-
tions. Only a limited number of papers have reported on 
NF levels in the serum of dementia patients. The rela-
tionship between individual proteins expressed as ratios 
might also contribute to differential diagnosis of demen-
tias20,21. We assumed simultaneous elevation of selected 
cytoskeletal proteins released from damaged neurons or 
involved in NFT and other pathology in neurodegenera-
tive dementias. Patients with AD and other dementias 
were compared not only with age-matched cognitively 
normal elderly controls but also with patients affected 
by neuro-infections. Neuroinflammation may result in 
different consequences compared to neurodegeneration 
in terms of concentrations or ratios of neuron-specific 
cytoskeletal proteins.

MATERIALS AND METHODS

Participants
We enrolled 70 individuals at the Department of 

Neurology or Memory Clinic of the University Hospital, 
Charles University, Prague. Participants were divided into 
four groups: (1) patients with AD (AD group; n=20); 
(2) patients with other dementias (OD group; n=13); 
(3) patients with inflammatory aseptic neuro-infections 
(IP group; n=17); and (4) cognitively normal elderly per-
sons (NC group; n=20) (Table 1). 

The cognitive function of participants was evaluated 
using an updated Czech version of the Addenbrooke’s 
Cognitive Examination-Revised (ACE-R-CZ). The 
test ACE-R-CZ is a 20-30 min more detailed examina-
tion of cognitive functions than the Mini-Mental State 
Examination (MMSE) (ref.22-28). MMSE scores were de-
rived from the ACE-R-CZ. Brain magnetic resonance im-
aging (MRI) or computer tomography imaging (when not 
suitable for MRI) were performed in all dementia patients 
and in the majority of participants. Intracranial pathology 
was excluded and hippocampal size was assessed using 
mediotemporal atrophy scores29,30. 

The AD patients met a probable diagnosis of AD 
according to the NIA-AA (National Institute on Aging-
Alzheimer’s Association) criteria by an experienced 
neurologist31. The patients with other dementias were 
carefully selected for this study. Most of them had au-
topsy confirmation. Four patients had frontotemporal lo-
bar degeneration (FTLD) (three were autopsy-confirmed, 
one had amyotrophic lateral sclerosis as well). All other 
patients had autopsy-confirmed diagnoses - three with 
Creutzfeldt-Jacob diseases, one with corticobasal degen-
eration and one with Wernicke encephalopathy. The IP 
group consisted of patients with aseptic neuro-infections, 
mainly neuroborreliosis or herpetic infections. Normal 
elderly controls were age-matched with other groups. They 
were diagnosed as non-inflammatory conditions, mostly 
with polyneuropathy (n=10); the rest included a variety 
of diseases (e.g. headache, Bell’s palsy). They had normal 
MMSE and ACE-R-CZ scores and a normal CSF triplet 
(t-tau, p-tau, Abeta proteins) based on cut-offs established 
in our and other previous studies24,28,32,33. These patients 
underwent a lumbar puncture as part of a routine diag-
nostic work-up. 

Lumbar CSF and paired blood samples were collected, 
centrifuged, aliquoted in 1 mL polypropylene tubes and 
stored on average within 1.5 h of sampling at −80 °C in 
accordance with established guidelines until analysis34. 
The specimens were thawed just prior to the measure-
ments.

Participants signed an informed consent. The research 
was approved by the Ethics Committee of the University 
Hospital Kralovske Vinohrady.

Determination of neurocytoskeletal proteins and albumin
All of the neurocytoskeletal proteins and Abeta pep-

tides were measured by commercially available ELISA 
kits. The ELISAs were performed according to the manu-
facturer’s instructions.

We used NF-Light® Neurofilament ELISA RUO (re-
seach use only) kits (UmanDiagnostics, Umeå, Sweden) 
and Phosphorylated Neurofilament H ELISA kits 
(pNFH) (BioVendor, Czech Republic) for the determi-
nation of light and heavy subunits of neurofilaments in 

Table 1. Demographic and cognitive characteristics of the subjects.

Alzheimer’s 
disease patients

(n=20)

Other dementia 
patients
(n=13)

Patients with 
neuroinflammation

(n=17)

Normal patient 
controls
(n=20)

Female sex number (%) 17 (85 %) 4 (23 %) 10 (58 %) 9 (45 %)
Education (years) 12±2 15±4 14±4 13±2
Age at sampling (years) 71±7 64±8 70±8 67±7
MMSE score (0−30 points) 22±3* 20±6* 28±4 29±1
ACE-R-CZ score (0−100 points) 69±12†‡ 66±22†° 86±12 92±5

MMSE - the Mini-Mental State Examination; ACE-R-CZ - the updated Czech version of the Addenbrooke’s Cognitive Examination-Revised 
Data are expressed as mean ± SD or number (%).
* P<0.0001 vs. normal patients control and patients with neuroinflammation
† P<0.0001 vs. normal patient control 
‡ P=0.001 vs. patients with neuroinflammation
° P=0.06 vs. patients with neuroinflammation
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CSF and serum. The detection limit was 31 ng/L for the 
NFL (NF-Light® Neurofilament ELISA kit) and 23.5 pg/
mL for NFH (Human Phosphorylated Neurofilament H 
ELISA kit). For samples below the detection limit, the val-
ues equal to limit of detection were used for the purpose 
of statistical analysis.

Concentrations of total tau protein, phosphorylated 
tau 181 and beta-amyloid 42 peptide were assayed using 
ELISA kits (INNOTEST® hTAU Ag, INNOTEST® 
PHOSPHO-TAU(181P), INNOTEST® β-AMYLOID(1-42)) 
from Innogenetics (now Fujirebio Europe, Ghent, 
Belgium). The detection limits declared by manufactures 
were 34 pg/mL for total tau protein, 13 pg/mL for phos-
phorylated tau 181 and 65 pg/mL for beta-amyloid 42 
peptide. The analytical sensitivity of the used kits did not 
enable to measure concentrations of t-tau and p-tau pro-
teins in serum.

Albumin was measured using immunonephelometry 
(IMMAGE, Beckman Coulter, Inc., Fullerton, CA). 

Calculations of ratios 
Albumin quotient (Qalbumin) 
A quotient between CSF and serum (CSF/serum) albu-
min concentrations *10-3 was used for evaluation of the 
blood-CSF barrier function. 

Indices for neurocytoskeletal proteins
We investigated ratios between: 1) neurofilaments or tau 
proteins (CSF NFL/NFH, CSF p-tau/t-tau) and different 
neurofilaments with tau proteins (CSF NFL/t-tau, CSF 
NFL/p-tau, CSF NFH/t-tau, CSF NFH/p-tau) and 2) a 
neurocytoskeletal protein in CSF and the corresponding 
protein in serum (CSF/serum NFL, CSF/serum NFH).

Statistical analyses
Since levels of the majority of evaluated variables 

were not normally distributed, differences among the 
four groups were analyzed using the Kruskal-Wallis test. 
When a significant difference among groups was shown, 
we performed pairwise comparison by the Mann-Whitney 
U tests20,35. These statistical analyses were performed us-
ing Statistica software, version 12.0 (StatSoft CR s.r.o. 
Prague, CR). 

The diagnostic potential of the cytoskeletal proteins 
and calculated ratios were evaluated by calculating the 
areas under the curve (AUC) of the receiver operating 
characteristic (ROC) and by determination of the sen-
sitivities and specificities using optimal cut-offs accord-
ing to Youden index. These statistical calculations were 
performed by MedCalc statistical software (Ostend, 
Belgium). 

The significance level for all tests was P<0.05. 

RESULTS

Demographic and cognitive characteristics of the 
participants are summarized in Table 1. Age did not dif-
fer among groups. Females prevailed in the AD group 
which corresponds with epidemiological findings. The 

MMSE score and ACE-R-CZ score were lower in AD and 
other dementias than in normal controls (P≤0.0001 for 
each comparison) and inflammatory patients (MMSE: 
P<0.0001 for each comparison, ACE-R-CZ: AD vs. IP 
P=0.001; OD vs. IP P=0.06). 

Qalbumin was significantly higher in IP patients than 
in normal controls or the AD group (P<0.005 for each 
comparison). 

Neurocytoskeletal protein levels in CSF and serum
The levels of NFL in CSF differ among the groups 

(Fig. 1A). A significant increase of CSF NFL levels was 
found in the OD group in comparison with the normal 
controls (P=0   .02). A comparison between dementia 
groups also showed higher levels in the OD group than 
in AD patients (P=0.03). NFL levels in the serum were be-
low the detection limit of the ELISA assay in 15 persons 
from all participants. Despite this fact, serum NFL levels 
were significantly elevated in OD patients compared with 
the AD group (P=0.005) (Fig. 1B). 

The changes in CSF NFH levels were similar to those 
observed in CSF NFL. The levels in the OD group were 
significantly elevated in comparison with normal controls 
and the AD group (P=0.02 for either group) (Fig. 1C). 
Moreover, CSF NFH levels were also higher in IP pa-
tients than in AD patients (P=0.02) and normal controls 
(P=0.03). NFH levels in the serum did not significantly 
differ among groups (Fig. 1D). Nineteen values of serum 
NFH levels from all participants were lower than the de-
tection limit of the ELISA kit.

The highest levels of t-tau in CSF were demonstrated 
in the AD group. A significant difference was observed 
between the AD group and the control group (P=0.0002) 
or inflammatory patients (P=0.0005) (Fig. 1E). In addi-
tion, the CSF t-tau was significantly elevated in the OD 
group in comparison with the control group (OD vs. NC 
P=0.004) or inflammatory patients (OD vs. IP P=0.008). 

Like t-tau, the highest CSF p-tau levels were also 
shown in AD patients (Fig. 1F). The increase of CSF 
p-tau in the AD group was significant when compared to 
levels in other groups (AD group vs. OD group P=0.008; 
AD group vs. NC group P=0.003; AD group vs. IP group 
P=0.006). The CSF p-tau levels were similar in non-AD 
groups.

In the OD group, a female patient (71 years old) who 
had frontotemporal lobar degeneration in combination 
with amyotrophic lateral sclerosis was included. She had 
mildly impaired cognitive functions (MMSE score 25 
points, ACE-R-CZ score 79 points). Despite the combi-
nation of two neurodegenerative processes, an extreme 
increase in neurocytoskeletal proteins was not observed 
in this patient. NFL and NFH levels in both serum and 
cerebrospinal fluid were within the range from the 25th to 
the 75th percentiles observed for the OD group (CSF NFL 
6128 pg/mL, serum NFL 958 pg/mL, CSF NFH 1030 
pg/mL serum NFH 37.4 pg/mL). The CSF t-tau (187 pg/
mL) and p-tau (17 pg/mL) levels were lower, below 25th 
percentile. Decreased tau levels influenced the calculated 
ratios of different neurofilaments with tau proteins, which 
were higher than the 75th percentile of the OD group.
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Fig. 1. Comparisons of levels among patients’ groups (A) in neurofilament light subunits in cerebrospinal f luid; (B) 
in neurofilament light subunits in serum; (C) in neurofilament heavy subunits in cerebrospinal f luid; (D) in neurofila-
ment heavy subunits in serum; (E) in total tau in cerebrospinal f luid; (F) in phosphorylated tau in cerebrospinal f luid. 
The box plots include the median (horizontal line ─), values from the 25th to the 75th percentiles (boxes); bars (whiskers) above 
and below the box indicate the range of non-outliers. Non-outliers are indicated by triangles. Outliers and extremes are shown by 
circles and asterisks (the outlier values are outside the 1.5 box length from the upper and lower value of the box; the extreme values 
are outside the 3 box length from the upper and lower value of the box).
CSF - cerebrospinal fluid; NFH - neurofilament heavy subunits; NFL – neurofilament light subunits; p-tau - phosphorylated tau; 
t-tau - total tau.
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Fig. 2. Ratio comparisons among patients’ groups (A) CSF/serum NFL ratio; (B) CSF NFL/NFH ratio; (C) CSF NFL/p-tau 
ratio; (D) CSF NFH/t-tau; (E) CSF NFH/p-tau; (F) CSF p-tau/t-tau 
The ratios CSF/serum NFH and CSF NFL/t-tau, which did not differ among groups, are not shown.
The box plots include median (horizontal line ─), values from the 25th to the 75th percentiles (boxes); bars (whiskers) above and 
below the box indicate the range of non-outliers. Non-outliers are indicated by triangles. Outliers and extremes are shown by circles 
and asterisks (the outlier values are outside the 1.5 box length from the upper and lower value of the box; the extreme values are 
outside the 3 box length from the upper and lower value of the box).
CSF - cerebrospinal fluid; NFH - neurofilament heavy subunits; NFL – neurofilament light subunits; p-tau - phosphorylated tau; 
t-tau - total tau
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Table 2. Comparison of areas under the curve of receiver operating characteristics of neurocytoskeletal proteins and their ratios 
among patients’ groups. Cytoskeletal proteins and ratios with AUC > 0.70 are shown.

AUC (95% Cl) Cut-off Sn (%) Sp (%)

Normal controls vs. Alzheimer’s disease
Cytoskeletal proteins
 CSF t-tau (pg/mL) 0.84 (0.70 to 0.94)† >371 65 95
 CSF p-tau (pg/mL) 0.78 (0.62 to 0.90) >55 55 100
Ratios
 CSF p-tau/t-tau 0.91 (0.78 to 0.98)† ≤0.13 75 90
 CSF NFH/t-tau 0.80 (0.64 to 0.91) ≤1.2 75 80
 CSF NFL/t-tau 0.75 (0.59 to 0.87) ≤6 55 90

Normal controls vs. other dementias
Cytoskeletal proteins
 CSF t-tau (pg/mL) 0.80 (0.63 to 0.92)‡ >421 53 100
 CSF NFL (pg/mL) 0.75 (0.57 to 0.88) >2859 92 65
 CSF NFH (pg/mL) 0.75 (0.57 to 0.88) >855 69 80
Ratios
 CSF p-tau/t-tau 0.89 (0.73 to 0.97)‡ ≤0.12 77 100
 CSF NFL/p-tau 0.77 (0.59 to 0.90) >82 85 75
 CSF NFH/p-tau 0.74 (0.73 to 0.97) >30 62 90

Alzheimer disease vs. other dementias
Cytoskeletal proteins 
 Serum NFL (pg/mL) 0.79 (0.62 to 0.91)†† ≤38.4 60 100
 CSF p-tau (pg/mL) 0.78 (0.60 to 0.90) >64 50 100
 CSF NFH (pg/mL) 0.74 (0.56 to 0.88) ≤741 90 77
Ratios
 CSF NFL/p-tau 0.84 (0.67 to 0.94)†† ≤79 80 85
 CSF NFH/p-tau 0.82 (0.64 to 0.93) ≤11 75 85
 CSF NFL/NFH 0.71 (0.52 to 0.85) >6 70 69

Normal controls vs. infl ammatory patients
Cytoskeletal proteins
 CSF NFH (pg/mL) 0.71 (0.54 to 0.85)* >855 59 80
Ratios
 CSF NFL/NFH 0.89 (0.74 to 0.97)* ≤3.5 82 85
 CSF NFH/t-tau 0.72 (0.54 to 0.86) >4.7 53 90

Alzheimer disease vs. infl ammatory patients 
Cytoskeletal proteins
 CSF t-tau (pg/mL) 0.85 (0.69 to 0.95)** >356 65 93
 CSF p-tau (pg/mL) 0.78 (0.61 0 to 0.90) >49.5 60 87
Ratios
 CSF NFL/NFH 0.96 (0.83 to 1.0)** >5.4 85 100
 CSF NFH/t-tau 0.87 (0.71 to 0.96) ≤1.2 75 87
 CSF /serum NFL 0.83 (0.67 to 0.94) >44.4 80 94

AUC - area under the curve; CSF - cerebrospinal fluid; Cl - confidence interval; NFL - neurofilament light subunits; NFH - neurofilament heavy 
subunits; Sn – sensitivity; Sp – specificity; tau - total tau; p-tau - phosphorylated tau; vs. – versus
†‡AUC were not significantly different between the CSF p-tau/t-tau ratio and CSF t-tau levels when normal controls vs. Alzheimer’s disease or 
other dementias were compared.
††AUC were not significantly different between the NFL/p-tau ratio and serum NFL levels when Alzheimer’s disease vs. other dementias were 
compared. 
*AUC were significantly different between the CSF NFL/NFH ratio and CSF NFH levels (P=0.043). AUC of CSF NFL/NFH and CSF NFH/t-
tau ratios were not significantly different among themselves when normal controls vs. inflammatory patients were compared. 
**The difference between the CSF NFL/NFH ratio and CSF t-tau levels was not significant but the P value was on the borderline of significance 
(P=0.054). 
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Ratios of different neurocytoskeletal proteins in CSF and 
serum

The CSF/serum NFL ratio was significantly higher in 
the AD group than that in normal controls (P=0.01) or in 
the IP group (P=0.0008) (Fig. 2A). The non-AD groups 
did not differ among themselves. The CSF/serum NFH 
ratio was similar in all groups. 

CSF ratios of individual neurocytoskeletal proteins
The lowest values of the CSF NFL/NFH ratio were 

seen in the IP group and they significantly differed from 
those in normal controls (P<0.0001) and any demen-
tia patients (IP vs. AD P<0.0001; IP vs. OD P=0.03). 
Additionally, the CSF NFL/NFH ratio was significantly 
lower in the OD group than in the AD group (P=0.05) 
(Fig. 2B). 

The CSF NFL/t-tau ratio CSF did not show any dif-
ferences among groups, while the CSF NFL/p-tau ratio 
was significantly higher in the OD group than that in the 
AD group (P=0.001) or the NC group (P=0.01) (Fig. 2C).

The ratios of CSF NFH/t-tau or CSF NFH/p-tau dif-
fered significantly among groups (Fig. 2D and 2E). Both 
ratios CSF NFH/t-tau and CSF NFH/p-tau showed the 
lowest values in the AD group. The CSF NFH/t-tau ra-
tio was lower in AD patients than in the control group 
(P=0.001) or the IP group (P=0.0002). Moreover, the CSF 
NFH/t-tau ratio was lower in the OD group or normal 
controls than that in the IP group (OD vs. IP P=0.04; NC 
vs. IP P=0.03). The CSF NFH/p-tau ratio significantly dif-
fered between the AD group and the OD group (P=0.003) 
or the IP group (P=0.005) and between normal controls 
and the OD group (P=0.02) or the IP group (P=0.04).

Prominent differences were observed in the ratio CSF 
p-tau/t-tau (Fig. 2F). The ratio was significantly lower in 
the AD group and the OD group than that in normal 
controls (AD group vs. NC group P=0.0001; OD group 
vs. NC group P=0.0002) and similarly the ratio values 
were also significantly lower in patients of any dementia 
group than in the group of patients with inflammatory 
diseases (AD group vs. IP group P=0.004; OD group vs. 
IP group P=0.003).

Altogether, 1) the CSF NFL/NFH ratio was the best 
at differentiating between patients with aseptic neuro-in-
fections and the AD group or normal controls; 2) the ra-
tio CSF p-tau/t-tau showed the highest difference between 
normal controls and AD patients or other dementias, and 
3) the CSF NFL/p-tau and CSF NFH/p-tau ratios dif-
ferentiated between AD patients and patients with other 
dementias very well. 

Evaluation of neurocytoskeletal proteins and their ratios 
according to the area under the ROC curves

The CSF NFL/NFH ratio showed the highest dis-
crimination potency for differentiation between the in-
flammatory group and AD or NC groups evaluated by 
the area under the ROC curves. The optimal results for 
discrimination between the NC group and the AD or OD 
groups were observed for the CSF p-tau/t-tau ratio and 
discrimination between the OD and AD groups were the 
best using CSF NFL/p-tau, CSF NFH/p-tau and serum 

NFL. The AUC for the CSF p-tau/t-tau, CSF NFL/p-tau 
and CSF NFH/p-tau ratios with the highest values did not 
significantly differ from those of the individual proteins, 
while the AUC for the CSF NFL/NFH ratio was signifi-
cantly higher than that of the individual proteins with the 
highest values of AUC (Table 2). 

DISCUSSION

In this study we determined neurofilaments NFL and 
NFH together with CSF tau proteins in patients with AD, 
other dementias and aseptic inflammatory neuro-infec-
tions. This allowed us to evaluate the clinical relevance of 
various ratios based on the neuron-specific proteins. We 
demonstrated that CSF NFH levels differed between in-
flammatory patients and normal controls or AD patients. 
Unfortunately, levels of individual NFL and NFH proteins 
either in CSF or in serum did not seem to differentiate 
between cognitively normal subjects and patients with 
Alzheimer’s disease. We observed that the CSF NFL/
NFH ratio was significantly elevated in the AD group 
compared to patients with inflammatory diseases or other 
dementias and the CSF p-tau/t-tau ratio showed the best 
values for discrimination between cognitively normal con-
trols and AD or other dementias. The findings of the high-
est elevation of CSF t-tau and CSF p-tau in AD patients 
were the expected results9. 

Some ratios of neuron-specific proteins might con-
tribute to differentiation between patients with dementias 
and normal controls. The CSF p-tau/t-tau ratio signifi-
cantly decreased in both groups of dementias. The most 
prominent reduction was shown in other dementias but 
not in AD in which the marked elevation of p-tau caused 
the lesser decrease of the CSF p-tau/t-tau ratio. It seems 
that the elevation of CSF t-tau levels considered as a bio-
marker of cortical axonal pathology10 mostly contributed 
to the decrease of the CSF p-tau/t-tau ratio in various 
types of dementias. Our results are in good agreement 
with findings of a recent study of Pijnenburg et al.20. The 
authors identified the decreased CSF p-tau/t-tau ratio as 
a biomarker for one of the subtypes of frontotemporal 
dementia (FTD) even with prognostic potential although 
a similar decrease was not observed in the non-differenti-
ated group of FTD in their previous study18. Changes in 
ratio between CSF p-tau and CSF t-tau were also reported 
in other neurodegenerative diseases such as Creutzfeldt-
Jacob disease and amyotrophic lateral sclerosis36,37.

Alterations in neurofilaments have been observed in 
multiple neurological diseases including AD (ref.5,38-43). 
Specific subclasses of neurons varying in the NF content 
in different regions of the central nervous system have 
been described44. It is characteristic for AD that neurons 
containing neurofilament proteins in regions of neocortex 
as well as medial temporal lobe structures have a greater 
predisposition to form NFT and degenerate2,45. In the 
opposite case, neurons lacking neurofilaments are not 
susceptible to these pathological changes46. We were un-
able to confirm observations of some studies reporting 
increased levels of CSF NFL or CSF NFH in the AD 
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group5,9. Based on the metaanalysi s9, we expected higher 
levels of CSF NFL in the AD group. However, not all 
studies report a significant increase in neurofilament lev-
els. In a recent study, levels of NF in CSF as well as in 
serum were significantly elevated in the Guillain-Barré 
syndrome or amyotrophic lateral sclerosis, but not in 
AD (ref.13). Similarly, a study primarily focused on the 
changes of various markers including neurofilaments over 
time did not mention the difference in baseline NF levels 
between the AD group and controls47. In our study we 
observed the highest CSF and serum NFL levels in the 
group of other dementias. The median of NFL levels in 
this group was 2.37 times for CSF and 2.2 times for se-
rum higher in comparison with normal control, while the 
CSF elevation in the AD group was only non-significantly 
higher, similarly as in the group of patients with inflam-
matory diseases. Our observation of increased CSF NFL 
levels in patients with other dementias is consistent with 
previous studies5. The highest levels of CSF NFL were 
found in frontotemporal dementia, vascular dementia and 
mixed AD in comparison with other types of dementia19. 

Serum levels of NFL and NFH did not differentiate 
normal controls and dementia groups. The use of highly 
sensitive immunoanalytical methods that allow us to quan-
tify very low levels of neurofilaments in serum/plasma can 
increase their potential as biomarkers for dementias48. The 
most recent studies using single molecule array (Simoa) 
technique for NFL determination have shown significant-
ly higher serum NFL levels in the AD group even in pro-
dromal stadium compared to normal controls. However 
the overlap between the AD and other diagnostic groups 
was obvious14,15. Despite this limitation plasma NFL levels 
may be a useful noninvasive biomarker of neurodegenera-
tive processes15.

Considering the different functions of individual NF 
chains and that variations in NF stoichiometry are as-
sumed to be involved in the process of neurodegenera-
tion49, we were interested whether the NFL/NFH ratio 
has any diagnostic potential. The changes in the values 
of the CSF NFL/NFH ratio may reflect the alteration in 
the NF stoichiometry in certain neurological diseases. 
Unfortunately, the ratio of the CSF NLF/NFH ratio did 
not support the diagnosis in either AD or other demen-
tias. However, the neuron damage in neurodegeneration 
and neuroinflammation in aseptic neuro-infections was 
reflected in the NF ratio in different ways. The expression 
of NF levels in the CSF NFL/NFH ratio distinguished 
between patients with inflammatory diseases and the nor-
mal controls or AD with great efficiency. 

The ratio of NFL as a biomarker of white matter axo-
nal damage and tau were suggested to be useful for dis-
tinguishing between early-onset AD and frontotemporal 
dementia21. Both CSF NFL/p-tau and CSF NFH/p-tau 
ratios were significantly reduced in AD compared to other 
dementias. The decrease of the ratio in the AD group 
reflected both lower levels of neurofilaments and higher 
levels of p-tau in AD patients than in patients with other 
dementias. 

CONCLUSION

In conclusion, we demonstrated a different impact of 
axonal impairment in the neurodegeneration and neuro-
inflammation in aseptic neuro-infections to the CSF and 
serum levels of neuronal cytoskeletal proteins. While the 
tau proteins as well as their index differentiated between 
AD or OD patients and cognitively normal subjects, CSF 
levels of neurofilaments expressed as their index might 
contribute to the discrimination between patients with 
neuroinflammation and normal controls or AD patients.
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