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Abstract
Inflammatory diseases of the central nervous system (CNS) are a diagnostic challenge to clinicians. Autoimmune encephalitis (AE) is
an important diagnostic consideration in patients with CNS inflammatory disorders; despite of a wide range of neuropsychiatric
symptoms it should be diagnosed as soon as possible and the patient transferred to the neurologist. We studied a group of AE patients
(n = 24) as compared to multiple sclerosis (MS, n = 61) and control (n = 19) groups. Detailed clinical pictures of patients are
presented. We focused on relevant cerebrospinal fluid (CSF) tests like protein levels, cytosis and oligoclonal bands, neuroinflamma-
tion indices (interleukin-6, soluble receptor of IL-6, neopterin, anti-ribosomal proteins antibodies) and markers of neurodegeneration
(phosphorylated neurofilament heavy chain, pNfh). Elevated neopterin level was found in AE group as compared to the MS and
control groups, while protein and pNfh were increased in both AE andMS groups. In the MS group, the cytosis and soluble receptor
of IL-6 were higher as compared to the control group. Anti-ribosomal proteins antibodies were increased in a single patient with AE.
High levels of protein were predictive of mortality in AE patients, while IL-6 and pNfh were elevated in severe AE patients. AE
patients with paraneoplastic etiology demonstrated oligoclonal bands positivity. Taken together, our results suggest the neopterin as an
additional marker of autoimmune brain inflammation. Though higher levels of protein, IL-6 and pNfh were found in patients with
severe disease progression and death, prognostic values of these markers should be validated in larger cohorts of patients.
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Introduction

Autoimmune encephalitis (AE) is a diverse group of diseases
recognized recently; it has a very wide spectrum of clinical

syndromes and a variety of etiologies (paraneoplastic, post-
infectious or idiopathic) and always becomes a big diagnostic
challenge for clinicians: neurologists, intensive care physi-
cians and psychiatrists.

Over the last two decades, the discovery of new forms
of encephalitis and antibodies associated with central ner-
vous system (CNS) damage has changed the paradigms for
diagnosing and treating previously mischaracterized disor-
ders. The discovery of N-methyl-D-aspartate (NMDA)-en-
cephalitis by Dalmau et al. (Dalmau et al. 2008) stimulated
scientific activity and changed the strategy of molecular
targets in schizophrenia and other mental diseases (Azuar
and Levy 2018) providing new insights in molecular psy-
chiatry (Honnorat and Plazat 2018). Many psychotic epi-
sodes, depression- or schizophrenia-like behaviors identi-
fied earlier as psychiatric pathology were diagnosed as AE
(Fominykh et al. 2018a).

More than thirty antibodies to intracellular neuronal struc-
tures and neuronal surface were detected in the last several
years (Dalmau 2015), this discovery becoming a remarkable
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link between the immunology and the psychiatry.
Psychiatrists proposed a new clinical point of view on patients
with first psychosis and suggested that testing antibodies is
obligatory in these patients (Pollak and Lennox 2018).

According to recent data, AE has similar prevalence and
incidence rate (13.7 /100000 and 0.8/100000, respectively)
as infectious encephalitis, though relapse and recurrent
hospitalization rates are higher (Dubey et al. 2018). It
was reported that 0.6% of patients admitted to intensive
care unit with neurological problems are patients with
AE, this percentage significantly increasing since 2009 in
parallel with the discovery of different antibodies
(Harutyunyan et al. 2017). Each year one or two new an-
tibodies presumably associated with novel clinical picture
or syndromes are being revealed (Baizabal-Carvallo and
Jankovic 2018). Unfortunately, only 50–60% of all AE
cases are antibody-known or antibody-positive according
to criteria of Grauss et al. (2016).

Since psychiatric symptoms can predominate at the on-
set or over the course of the disease, the diagnosis is often
delayed; one-third of patients with AE have been initially
hospitalized in a psychiatric ward, the time between the
occurrence of first symptoms and antibody testing being
often delayed (Herken and Prüss 2017). This is obviously
inappropriate since direct correlations between severity of
cognitive impairment and delayed time of treatment were
reported in LGI1-encephalitis(Varley et al. 2018) and other
antibody-mediated pathology (Hébert et al. 2018; Lascano
et al. 2018).

Thus, it is very important to diagnose AE as soon as
possible; however, current diagnostic criteria and the range
of laboratory markers should be improved. Their sensitiv-
ity is very low at early stages of the disease (Wagner et al.

2018) and clearly time-dependent, limiting its validity in
acute cases (Li et al. 2017). Additionally, sometimes it is
essential to distinguish persistent neurological symptoms
due to residual brain injury from new ones due to active
ongoing CNS inflammation (Ganesh and Wesley 2018).
Currently available work-ups do not have enough sensitiv-
ity to detect brain inflammation: magnetic resonance im-
aging (MRI) is frequently normal in AE, while routine
laboratory tests including cytosis and oligoclonal bands
(Ogbs) cannot provide sufficient information (Varley
et al. 2018). Current problems of AE diagnosis are sum-
marized in Table 1.

The main aim of our study was the search of additional
markers for differentiating AE from other inflammatory
CNS disorders and evaluation of acute inflammation and neu-
rodegeneration severity in these patients.

Due to the terminology and clinical picture with acute
presentation, earlier AE is compared to infection encephalitis
(Wilken et al. 2017). However, it is generally historical
viewpoint since multidisciplinary impact of autoimmune en-
cephalitis has been expanded recently by revealing patients
with overlapping syndromes, including anti-NMDAR en-
cephalitis, neuromyelitis optica or other demyelinating dis-
eases (Leypoldt et al. 2015, Sarigecili et al. 2018). Due to
the fact that AE frequently demonstrates slow progressive
beginning or a spectrum of symptoms which may be similar
to chronic CNS inflammatory diseases with the relapse and
remission, it is imperative to use this group of patients as a
group of comparison.

According to this standpoint and literature data we used a
design including AE comparison with inflammatory CNS dis-
orders (demyelinating disorders in acute stage) but not infec-
tious encephalitis as in some previous studies.

Table 1 Current problems of AE diagnostics

Clinical criteria Problem Differential diagnosis

Clinical picture Very unspecified in many cases • IE
• tuberculous meningoencephalitis
• neurosyphilis and neuroborreliosis
• HIV-associated pathology
• CNS demyelination and multiple sclerosis
• Bickerstaff encephalitis
• CNS tumor
• epileptic disorders
• autoimmune vasculopathy and CNS vasculitis
• neurosarcoidosis
• Hashimoto’s diseases
• Creutzfeldt-Jakob disease
• B Cell CNS Lymphoma
• toxic-metabolic encephalopathy
• neurodegenerative dementias
• psychosomatic pathology
• psychiatric disease

MRI data • may be positive in only 10–50% of patients; frequently negative
(negative in 30% of patients with anti-NMDAR-encephalitis or

CASPR2-associated AE; often negative in elderly patients with
CASPR2 or LGi1 antibodies)

Cytosis>5 cells/μl and Ogbs Ogbs positive in 30–50% of cases; abnormal CSF findings in
20–40% of AE patients with CASPR2- and LGI1-antibodies

Known antibodies Antibody-known or antibody-positive are 50–60% of all AE:
• unknown antibodies
• wide spectrum of antibodies
• different specificity and selectivity of tests (ELISA, cell-based with

live or immobilized cells)
• diagnostic procedures need experienced laboratory and skilled staff
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In addition to the routine tests (CSF protein level,
cytosis, Ogbs etc.) and antibodies to neuronal cell surface
(the CSF and serum) and intracellular antigens (serum)
which were analyzed in all patients, we assessed the fol-
lowing specific target molecules:

1) CSF neopterin, a commonly used CSF biomarker in HIV
neurology (x et al. 2016) and a tool for differential diag-
nostic procedures between AE and viral encephalitis in
children (Kothur et al. 2016; Molero-Luis et al. 2013);

2) phosphorylated neurofilament heavy chain (pNfh), a con-
firmed neurodegenerative marker in amyotrophic lateral
sclerosis (ALS) and multiple sclerosis (MS);

3) CSF antiribosomal-P antibodies reported to be involved
in lupus development: positive associations were found
with CSF anti ribosomal-P antibodies in systemic lupus
erythematosus (SLE) and neuropsychiatric manifestations
(Briani et al. 2009).

4) Interleukin-6 (IL-6) and its soluble receptor (sIL-6R)
which are common markers of inflammation.

Based on previous data showing the lack of correlation
between IL-6 in the CSF and the serum (Fominykh et al.
2018a; Stelmasiak et al. 2001), we measured IL-6 in the
CSF but not in the serum. Higher Il-6 levels were found in
AQP-4-associated disorders as compared to MS. The associ-
ation between CSF Il-6 levels with MOG-antibody was found
in acquired demyelination syndrome (Horellou et al. 2015).
IL-6 receptor and its blockade with monoclonal antibody was
implicated in different demyelinating disorders such as neuro-
myelitis optica spectrum disorders (NMOSD)(Araki et al.
2014) and may be also involved in AE.

The additional aim of our study was to compare biochem-
ical markers and MRI in different subgroups of AE patients
[with or without epileptic seizures, with and without
paraneoplastic disorders, with severe course (these patients
died during a year of examination) and others] in order to
provide deeper insight into the pathophysiology of the dis-
eases and their clinical manifestations.

Materials and methods

Patients

One hundred and two patients corresponding inclusion and
exclusion criteria (below) visited Bujanov Moscow City
Clinical Hospital between September 2015 and April
2017 with suggested AE or acute demyelinating disorders
were consecutively reviewed. Study profile is presented in
Fig. 1. Minimal follow-up period was 1 year. The research
protocol was approved by the local Ethical Committee
(IBR number 44).

Inclusion criteria:

1) Possible AE according criteria of Graus et al. 2016(Graus
et al. 2016) for AE group. According to this standard AE
diagnosis can be made if all three of the following criteria
have been met:

a) subacute onset (rapid progression of less than
3 months) of working memory deficits (short-term
memory loss), altered mental status or psychiatric
symptoms;

b) at least one of the following: new focal CNS findings,
seizures not explained by previously known seizure
disorder, CSF pleocytosis (white blood cell count of
more than 5 cells per mm3), MRI features suggestive
of encephalitis;

c) reasonable exclusion of alternative causes.
2) definite MS according to the revised new edition of W.

McDonald criteria (Thompson et al. 2018a at the time of
MS attack for MS group;

3) no immunosuppressive or immunomodulatory therapy
at the moment of sampling and during 3 months
before.

For all patients lumbar puncture was indicated for medical
diagnostic purposes after informed consent and was per-
formed in acute stage.

102 pa�ents
(possible AE or demyelina�ng disorders, acute stage)

Excluded: 17 pa�ents
For MS: mitochondrial disease,levamisole-induced 
demyelina�on, post-ischemic lesions, MGUS-
associated syndrome, neuroborreliosis, glioblastoma 
with demyelina�ng lesions, ADEM, myeli�s of 
unknown e�ology, unknown diagnosis 

For AE: hypoparathyroidism , schizophrenia,  CNS 
vasculi�s, unknown neurodegenera�ve disorder

Included: 85 pa�ents

61 MS pa�ents 24 possible AE

Compared to 19 healthy controls

Fig. 1 Study design
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Exclusion criteria:

1) ForMS group forms ofMS other than relapsing-remitting
MS, patients with isolated spinal lesions and aquaporin-4
(AQP-4)-positive profile;

2) Patients with other diagnosis after screening period;
3) Comorbid neurodegenerative pathology, history of alco-

hol or drug abuse; head trauma; vascular diseases; meth-
ylprednisolone pulse-therapy less than 3 months before
the study;

4) Acute somatic or infective pathology, positive HCV,
HBV, HIV, syphilis reaction.

According to these criteria, 17 patients were excluded (12
from MS group and 5 from AE group).

Differential diagnoses for MS group: mitochondrial dis-
ease (n = 1), levamisole-induced demyelination (n = 1), post-
ischemic lesions (n = 1), monoclonal gammopathy-
associated syndrome (n = 1), neuroborreliosis (n = 1), glio-
blastoma with demyelinating lesions (n = 1), ADEM (n =
2), myelitis of unknown etiology (n = 3), unknown diagnosis
(n = 2);

Differential diagnoses for AE group: hypoparathyroidism
(n = 1), CNS vasculitis (n = 2), neurodegenerative disorder
(n = 1).

After the screening 85 patients were included into the anal-
ysis and two groups of patients were formed:

1) twenty four patients with possible AE (clinical character-
istics meeting criteria presented in Table 2);

2) sixty one patients with MS

Neurological assessment, MRI of the brain and spinal cord,
serum examination were performed in all patients.
Neurological impairment in MS patients was assessed by
Kurtzke Expanded Disability Status Scale (EDSS) at the mo-
ment of the sampling; additionally, the difference between
EDSS at this moment and 1 year later was assessed.

Nineteen neurologically healthy subjects were included in-
to the control group (median value of age was 35, from 19 to
53). Control CSF specimens were sampled during spinal an-
esthesia in patients with orthopedic surgical pathology. The
blood was sampled before surgical procedures. MRI analysis
in AE and MS was performed by qualified specialists accord-
ing to clinical guidelines (Thompson et al. 2018b).

Clinical characteristics of patients and control group are
presented in Table 3.

CSF and blood sampling

Fasted venous blood and CSF samples were collected from all
patients and control subjects after an informed consent at acute

stage and before the initiation of treatment. Serum and CSF
samples were prepared by centrifugation for 20 min at 1500 x
g, 4 °C. Supernatants were aliquoted in sterile tubes and stored
at −70o C.

In all patients AQP-4 autoantibodies were measured using
cell-based AQP4 Assay Kit (Euroimmune, Germany).
Antineuronal antibodies in the serum were measured using
commercial kit (Euroimmune, Germany). Ogbs, serum
Immunoglobulin (Ig) G, IgA, IgM, CSF IgG were measured
using test system Hydragel CSF isofocusing (Sebia, France).
CSF total protein and cytosis, thyroid function, systemic
markers including C-reactive protein, rheumatoid factor, anti-
nuclear antibodies, anti-double strain DNA antibodies,
ANCA, ANSA, ssA, ssB, antiphospholipid antibodies were
measured routinely in clinical laboratory (Deisenhammer
et al. 2006; Buchner et al. 2014; Tkachenko et al. 2017). For
AE viruses PCR CSF and CSF microbiological analysis were
made (negative).

The levels of biomarkers in CSF samples were measured
using commercially available ELISA kits: Anti-ribosomal P
(DrFooke Laboratory, GMBH, Germany); IL-6, erythropoie-
tin (Vector-Best, Russia); sIL6-R (Affymetrix, eBioscience,
Austria); pNfh (BioVendor, Czech Republic); neopterin (IBL
International, Germany). For anti-NMDA, gamma-
aminobutyric acid B (GABAb), ionotropic glutamate recep-
tor1 (AMPA1), AMPA2, CASPR2, LGI1 antibodies measure-
ment in paired CSF and serum cell-based kits from
Euroimmune, Germany were used. All measurements were
performed in duplicate, for calibration curves in triplicate.

Statistical analysis

Statistica 8.0 (StatSoft Inc., USA) and GraphPad Prism 6
for Windows (USA) were used for statistical analysis. The
data are presented as median values (M) with 25 and 75
percentiles (M [25%, 75%]). We used non-parametric
Kruskal-Wallis test for multiple comparisons (significant
p value <0.05), non-parametric Mann-Whitney U-test with
Bonferroni correction for comparison of patients with con-
trols, and confirmed results using ANOVA with post-hoc
Newman-Keuls analysis. Spearman correlations between
biomarkers levels and clinical data were calculated and
logistic regression was performed to determine significant
associations of biomarkers levels with outcomes.

The outliers were defined as the values > median value+
1.5*IQR, where IQR = interquartile range (Aguinis et al.
2013). During data evaluation we performed cluster analysis
for the patients and analyzed all data manually point by point.
According to this data the majority of all outliers were AE
patients who died during our study. Thus, we did not remove
outliers but performed further analysis after forming a severe
AE group (patients who died); this group was further com-
pared to other AE.

1476 Metab Brain Dis (2019) 34:1473–1485
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Additionally, we used fourfold Chi-square test in spe-
cific cases.

Results

AE group description (Table 2)

In the group of possible AE, according to Graus et al. criteria
(Graus et al. 2016), 24 patients had AE (average age 45, from
18 to 69; 8 men and 16 women). After applying the diagnostic
algorithm we recognized 2 NMDA-encephalitis (cell based
assay for patients is presented in Fig. 2b), 1 CASPR, 2 LGI1
(Fig. 2c), 1 GABAb (Fig. 3a), 2 glutamic acid decarboxylase
(GAD), 1 anti-hu encephalitis and 2 encephalitis with anti
SSa-SSb antibodies. According to these data, 9 patients had
diagnosis “AE with known antibodies” (37.5%), 2 patients
“AE with antibodies with unknown significance” (8.3%), 13
patients “antibody -negative AE, but probable AE” (54.1%).

These results are in conformity with previous reports indi-
cating that about 40–50% of AE have unknown etiology
(Yeshokumar et al. 2017, Lee and Lee 2016). We did not have
opportunity to analyze some known antibodies (anti-glycine,
anti-myelin oligodendrocyte glycoprotein, dipeptidyl-pepti-
dase–like protein 6, Iglon) and this can explain that our results
are slightly higher. We found one positive AE patients with
anti-Ribosomal-P antibodies in the group of “antibody -
negative AE, but probable AE”.

In the AE group, Ogbs “type 2” were found in 4 patients
(oligoclonal IgG bands in the CSF, but not in the serum), “type
3” in one patient (oligoclonal bands in the CSF plus identical
oligoclonal bands in the serum and CSF), “type 4” in 2 pa-
tients (identical pattern of oligoclonal bands in the CSF and
serum), 15 patients demonstrated “type 1” (no bands in the
CSF and serum), and 2 patients - unknown. For Ogbs types we
used a recommended classification (Andersson et al. 1994).

Thirteen patients had epileptic seizures (54%); 6 patients
(25%) had oncological problems: GABAb encephalitis was
found in a patient with small cell lung cancer, NMDA-
encephalitis in a patient with prostatic and bladder cancer and
no antibodies were found in patients with breast, cervical, renal
cancer and fallopian tubes carcinoma. In 2 patients neurological
symptoms were presented before cancer diagnosis. Six patients
(25%) died during 1 year of follow-up, 3 of them had oncolog-
ical pathology. For these patients, lifetime value after including
in the study was from 2 weeks to 8 months (3.4 ± 2.8 months).
Since we included and used in further analysis this group of
patients who died, clinical characteristics of these patients were
described specifically (summarized in Table 4).

Cytosis moderately correlated with neopterin, protein and
IL-6 levels (r = 0.54, 0.55, 0.67, respectively, p < 0.05), while
protein levels moderately correlated with IL-6 and neopterin
levels (0.51 and 0.57, respectively, p < 0.05, see Fig. 1T
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Suppl.). CSF levels of IL-6 and pNfh were higher in patients
with mortality within 1 year as compared to survivors 1 year

after diagnosis (352 ± 570 vs 16 ± 12 pg/ml, p < 0.025; 1153
± 1111 vs 139 ± 193 pg/ml, p = 0.04, respectively).

Table 3 Demographic and
clinical characteristics of patients
and control groups

Possible AE MS Control

Patients 24 61 19

Age at examination, years 42.6 (±16.0) 35.5 (±10.9) 36.4 (±11.4)

Male/Female 8/16 19/42 8/11

Epilepsy 13 11 –

Average EDSS score – 3.3 (± 1) –

EDSS score after 1 year – 3.4 (±1) –

Amount of relapse during 1 year 0.6 (±0.6) 0.3 (±0.6) –

Number of patients with relapse 7 (29%) 17 (28%) –

Death during 1 year 6 0 –

ICU admission (n)/duration (day) 9/ from 1 to 14 3/from 0 to 1 –

IgG/IgA/IgM serum (Me/ml) 160/170/215

(±30, 50, 90)

167/172/210

(±42, 44, 70)

157/168/205

(±38, 40, 65)

IgG CSF (mg/l) 70.4 (±60) 57.4 (±44) 60.2 (±42)

CSF cytosis (cell/μl) 13.0 (±27) 12.3 (±7) 3.9 (±1.2)

CSF protein level (g/l) 0.5(±0.3) 0.4 (±0.2) 0.3 (0.2)

CSF glucose (mM) 3.2 (±0.8) 3.6 (±0.7) 3.9 (0.2)

MRI brain abnormal (n) 14 (58%) 61 (100%) –

MRI spine abnormal (n) 0/24 44 (72%) –

Fig. 2 Patients MRI (upper panel) and CSF immunoreactivity in biochips
with HEK-cells expressing different antigens (Autoimmune encephalitis
mosaic 1, Euroimmune, Germany; bottom panel). a: case 3: GABAb–
limbic encephalitis with bilateral hippocampal MRI hyperintesivity in the
patient with small cells lung cancer. b: сase 1: NMDA – encephalitis with

multiple MRI lesions in the patient with epileptic seizures, cognitive
decline and bladder carcinoma. c: сase 22: LGI1- limbic encephalitis with
subtle temporal MRI changes in the patient without known cancer
pathology
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Fig. 3 CSF protein, cytosis,
pNfh, neopterin, IL-6 and sIL-6R
levels in different groups of pa-
tients. Asteriks indicate signifi-
cant statistical differences versus
control group (p < 0.017, Mann-
Whitney U-test with Bonferroni
correction after significant results
in Kruskal–Wallis test for multi-
ple comparisons). Red marks are
used for outliers. a: СSF protein
levels in AE, MS and control
groups; b:СSF cytosis in AE,MS
and control groups; c: СSF pNfh
in AE, MS and control groups; d:
СSF neopterin in AE, MS and
control groups; e: СSF IL-6 in
AE, MS and control groups; f:
СSF sIL-6R in AE, MS and con-
trol groups.

Table 4 Demographic and
clinical characteristics of patients
from “Severe AE” and “Other
AE” groups

Severe AE Other AE

Patients 6 16

Age at examination, years 53.8 (±13.2) 39.9 (±14.9)

Male/Female 3/3 6/12

Epilepsy 3 10

Death during 1 year 6 0

ICU admission (n)/duration (day) 6/ from 1 to 14 3/from 0 to 3

Oncology (n) 3 3

Antibodies profile 1 GABAb,

1 NMDA,

1 GAD

2 SSA-SSB

1 CASPR, 1 GAD,

2 LGI1, 1 NMDA, 1 hu

CSF cytosis (cell/μl) 15.0 (±29) 10.0 (±9)

CSF protein level (g/l) 0.7 (±0.3) 0.5 (±0.3)

CSF glucose (mM) 2.4 (±0.8) 3.4 (±0.5)

MRI brain abnormal (n) 4 (67%) 10 (56%)
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All patients with oncology had Ogbs, while in other pa-
tients only 14%were Ogbs positive (P = 0.0004, fourfold Chi-
square test).

Cytosis, protein levels, neopterin, IL-6, sIl-6R, pNfh did
not differ in patients with and without epileptic seizures, with
and without known Abs, with and without cancer, with and
without Ogbs (p > 0.05).

Characteristics of MS group (Table 3)

From 61 MS patients; 11 had epilepsy. Screening for anti-
neuronal surface antibodies in these patients did not give pos-
itive results in either the CSF, or the serum. CSF anti-
Ribosomal-P antibodies screening provided single positive
patient with MS and epilepsy, while all other patients were
negative. In this group, positive correlation of age with
EDSS was revealed (r = 0.38, p < 0.05). A weak correlation
between EDSS and CSF IL-6 was found (r = 0.32, p = 0.008,
see Fig. 2 Suppl.).

Analysis

The data from AE, MS and control groups were compared.
Using non-parametricKruskal–Wallis test for multiple com-
parisons, we found differences in CSF protein levels (p =
0.005), cytosis (p = 0.048), IL-6 and sIL-6R levels (p = 0.04
and 0.01, respectively), pNFh and neopterin levels (p = 0.02
and 0.04, respectively).

Next we compared AE group with MS and control group,
and MS with control group using Mann-Whitney U-test with
Bonferroni correction (p < 0.017). We did not find differences
in IL-6 levels. In AE group higher protein, pNfh and neopterin
levels were revealed as compared to control group (0.5 ± 0.3 vs
0.3 ± 0.1 g/l; 378 ± 675 vs 23.9 ± 35.0 ng/ml; 11.8 ± 2.0 vs 3.5
± 3.3 nM, respectively). The comparison of MS with control
group showed significantly higher cytosis (16.3 ± 19.8 vs 3.9 ±
1.2 cells/μl), protein (0.4 ± 0.2 vs 0.3 ± 0.1 g/l), pNfh levels
(98.4 ± 100 vs 23,9 ± 35.0 ng/ml) and sIL6-R levels (0.2 ± 0.1
vs 0.1 ± 0.1 ng/ml) (Fig. 3). In AE with MS group, protein and
pNfh levels were similar; however, neopterin levels were sig-
nificantly higher in AE group (11.8 ± 2 vs 4.3 ± 2.1 nM).

Using epilepsy as a factor in factorial ANOVAwe did not
find a difference between patients with and without epilepsy.
The comparison of biochemical data in patients with known
antibodies to neuronal antigens and antibody-negative AE did
not reveal differences between groups. Using death as a
grouping factor, higher protein (0.7 ± 0.7 vs 0.4 ± 0.2 g/l),
pNfh (1153 ± 1011 vs 84 ± 72 ng/ml), and IL-6 (377 ± 228
vs 8.3 ± 11.0 pg/ml) were found in the group of AE patients
with mortality (Fig. 4). Using univariate logistic regression we
established protein level as a significant factor for death (odds
ratio 21.2 for 1 g/l, CL 1.1 to 684, p = 0.04). It was not possi-
ble to perform univariate logistic regression for pNfh and IL-6
CSF levels due to small number of patients. Obviously, larger
cohorts of patients should be used to accurately evaluate pre-
dictive values for these markers.

Fig. 4 The level of AEmarkers in
patients with severe disease
course and other patients.
Asteriks indicate significant
statistical difference versus
control group (p < 0.017, Mann-
Whitney U-test with Bonferroni
correction after significant results
in Kruskal–Wallis test for multi-
ple comparisons). a: СSF protein
levels were higher in severe AE;
b:СSF pNfh levels were higher in
severe AE; c: СSF IL-6 levels
were higher in severe AE
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Discussion

The differential diagnosis of AE is exceptionally difficult;
particularly at an early stage. The clinical presentation of AE
is variable and often not specific enough to make diagnosis
easily. However, early recognizing of AE is critical: it is a
treatable condition and early cure is associated with better
prognosis (Thompson et al. 2018b). Therefore, the aim of
our analysis was to define CSF markers in order to facilitate
diagnostic procedures. Only a few publications with compar-
isons of AE with other disorders are available. Investigators
prefer to use IE as a group of comparison (Kothur et al. 2016),
and in some cases they compare AE to MS patients
(Hottenrott et al. 2015). However, comparison with CNS in-
flammatory disorders like demyelinating disorders is extreme-
ly important due to recent data indicating expanding AE spec-
trum with overlapping syndromes, including anti-NMDAR
encephalitis and neuromyelitis optica or other demyelinating
diseases (Leypoldt et al. 2015; Sarigecili et al. 2018).

In accordance with the data previously reported in children
(Kothur et al. 2016), we found higher neopterin levels in AE
patients as compared to other groups (controls andMS group).

Neopterin is a biochemical product of guanosine triphos-
phate pathway that is both cell-restricted and inducible by
immune-inflammatory stimuli (Fig. 3, Suppl.). Neopterin in-
duces the expression of pro-inflammatory nuclear factor-κB,
intercellular adhesion molecule-1, cytokines and inflammato-
ry mediators (Hagberg et al. 2010). It has a short half-life and
can be used for monitoring inflammatory activity in patients
with acute inflammation or relapsing-remitting encephalitis in
contrast to chronic inflammation. Historically, neopterin was
described as well-established early marker of intrathecal im-
mune response, and particularly of macrophage activation in
HIV neurology (Motta et al. 2017; Edén et al. 2016). It was
also promoted in pediatric neurology as a CSF marker of
active CNS inflammation and intrathecal immune activation
(Dale et al. 2009). These authors suggested that CSF neopterin
is a useful and sensitive marker of inflammation in a broad
range of acute and chronic CNS disorders. We confirm this
showing that CSF neopterin is more useful and sensitive
marker of neuroinflammation than CSF pleocytosis,
however, obviously larger cohort of AE patients should be
used to appropriately validate this marker. Kothur et al.
(2016) defined neopterin cut-off value of 29 nM to differenti-
ate AE and viral encephalitis from ADEM in children, but in
our study only two AE patients had values higher than this
cut-off. This difference may be due to different neopterin
levels in children and adults and different groups included into
the study. However, for HIV-neurology an upper normal ref-
erence value was defined as 5.8 nmol/l (Hagberg et al. 2010)
and in our AE and control group we received analogous re-
sults (11.8 ± 2.0 for AE vs 3.5 ± 3.3 nM for control group),
though we did not find correlation with neurofilament levels.

We found that levels of neuronal damage markers (pNfh)
and protein levels were augmented in both AE and MS
groups. CSF pNfh and light chain, indicative of axonal and
neuronal injury, were non-specifically increased in patients
with various brain disorders including autoimmune encepha-
litis (Constantinescu et al. 2017; Vorobyeva et al. 2014). Thus,
higher levels of neuronal damage markers due to active neu-
roinflammation in the CSF of AE patients were expected. We
did not find significant difference of pNfh in AE as compared
to MS patients; however, pNfh levels were higher in patients
with severe disease course and unfavorable prognosis. Similar
results were previously reported by Constantinescu et al. in
Constantinescu et al. 2017 for neurofilament light chain: its
levels measured soon after disease onset correlated with long-
term outcome in autoimmune neurological syndromes.
Neurofilament markers are used as prognostic in different
neurological disorders such as ALS and MS in relapse
(Gendron et al. 2017). Obviously, these markers should be
investigated in larger cohorts of AE patients. Recent article
by Körtvelyessy et al. (2018) reported neurofilament light
chain elevation in different types of encephalitis with neuronal
surface antibodies. Unfortunately, levels of biomarkers were
compared with a non-inflammatory control group only.

In our study higher protein level appeared a significant
factor for death (odds ratio 21.2 for 1 g/l), these results corre-
sponding to those of Harutyunyan et al. 2017 who revealed
higher protein concentration in intensive care unit admitted
AE patients (Harutyunyan et al. 2017). The elevation of CSF
protein levels was associated with increased risk of death in
tuberculosis meningitis patients (Yasar et al. 2010) and other
bacterial meningitis (Lin et al. 2016).Though these results
were not confirmed in a study on AE patients (Liao et al.
2017), the authors tried to correlate CSF markers with differ-
ent Modified Rankin Scale scores as outcome measure, com-
paring AE with good outcome and severe AE (Modified
Rankin Scale >3) without using death as a factor.

In our cohort positive oligoclonal synthesis (type 2–5) in
paraneoplastic patients was revealed as compared to non-
paraneoplastic encephalitis. It could be indicated in diagnos-
tic procedures and suggests more thorough oncological
screening of AE patients with oligoclonal synthesis, though
Constantinescu et al. (2017) reported that Ogbs were similar
in paraneoplastic and non-paraneoplastic cases. We found
higher IL-6 levels in AE patients with unfavorable prognosis
but did not find differences between groups as in previous
studies (Byun et al. 2016); it should be noted, however, that
the data on CSF cytokines in AE are limited.

The comparison of MS with control group revealed signifi-
cantly higher cytosis, protein, pNfh and sIL6-R levels
confirming neuroinflammatory activity and the neurodegener-
ation in these patients. Recently we demonstrated that levels of
soluble sIL-6R binding with IL-6 were higher inMS patients as
compared to other demyelinating disorders (Fominykh et al.
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2018b). In the present study we have shown increased sIL-6R
level confirming other studies (Padberg et al. 1999).

High level of sIL-6R may reflect the involvement of solu-
ble IL-6 receptor-associated pathways in MS, similar to other
demyelinating disorders with active IL-6R dependent path-
way. Surprisingly, we did not find correlation between inflam-
matory markers and pNfh levels; this may be related to differ-
ent time course of neuroinflammation processes and the neu-
rodegeneration during the development of the disease.

Wemeasured CSF anti-ribosomal P antibodies level basing
on the data about the involvement of this protein in lupus
development. Positive associations were found with CSF anti
ribosomal P antibodies in systemic lupus erythematosus
(SLE) and neuropsychiatric manifestation (Briani et al.
2009). In the present study, only two positive cases were
found among all patients: one patient with suggested AE and
one patient withMS and epilepsy. These patients had epileptic
seizures but due to small number of positive results we cannot
come to a definite conclusion about the significance of these
antibodies in disease pathophysiology.

Relatively small sample size is a major limitation of our
study; however, this fact is due to the low occurrence of AE
patients in the population. Another limitation is heterogeneous
AE group with inclusion of antibodies-negative patients; how-
ever, this is compatible with the aim of our study - searching
additional biochemical markers for AE in clinical settings to
accelerate diagnostic procedure. A larger study should be per-
formed for further evaluation of these markers and their con-
tribution to therapeutic decisions.

Conclusion

Taken together, this study showed evidently higher levels of
neopterin in the CSF of patients with AE as compared to
control group and MS group suggesting that it may be reason-
able to evaluate this marker for additional confirmation of
CNS inflammation in AE. Using univariate regression model,
protein level was revealed as possible negative prognostic
factors for severe AE, while IL-6 and pNfh levels were higher
in severe AE course; however, a larger study should be per-
formed. Protein levels and pNfh levels were higher in AE and
MS group as compared to control, while cytosis and sIL-6R
levels were higher in MS.

Acknowledgements We thank all patients who participated in this study.

Funding source Partially supported by Russian Academy of Sciences,
Program Fundamental Bases of Physiological Adaptation Technologies.

Compliance with ethical standards

Conflict of interest No conflict of interest.

Abbreviations ADEM, acute disseminated encephalomyelitis; AE,
autoimmune encephalitis; ALS, amyotrophic lateral sclerosis; AMPA ,
ionotropic glutamate receptor; AQP4, aquaporin-4; CASPR2, contactin-
associated protein-2; CNS, сentral nervous system; CSF, cerebrospinal
fluid; EDSS, Kurtzke Expanded Disability Status Scale; GABA, gamma-
aminobutyric acid; GAD, glutamic acid decarboxylase; Ig, immunoglob-
ulin; IL-6, Interleukin-6; LGI1, Leucine-rich glioma-inactivated 1; MP,
methylprednisolone; MRI, magnetic resonance imaging; MS, multiple
sclerosis; NMDA, N-methyl-D-aspartate; NMOSD, neuromyelitisoptica
spectrum disorders; Ogbs, oligoclonal bands; PLEX, plasmapheresis;
pNfh, phosphorylated neurofilament heavy chain; sIL-6R, soluble
Interleukin-6 Receptor; SLE, systemic lupus erythematosus

References

Aguinis H, Gottfredson R, Joo H (2013)Best-practice recommendations
for defining, identifying, and handling outliers. Organ Res Methods
16(2):270–301. https://doi.org/10.1177/1094428112470848

AnderssonM, Alvarez-Cermeño J, Bernardi G et al (1994) Cerebrospinal
fluid in the diagnosis of multiple sclerosis: a consensus report. J
Neurol Neurosurg Psychiatry 57(8):897–902 Review

Anesten B, Yilmaz A, Hagberg L, Zetterberg H, Nilsson S, Brew BJ,
Fuchs D, Price RW, Gisslén M (2016) Blood-brain barrier integrity,
intrathecal immunoactivation, and neuronal injury in HIV. Neurol
Neuroimmunol Neuroinflamm 3(6):e300. https://doi.org/10.1007/
s13365-015-0371-x

Araki M, Matsuoka T, Miyamoto K, Kusunoki S, Okamoto T, Murata M
et al (2014) Efficacy of the anti-IL-6 receptor antibody tocilizumab
in neuromyelitisoptica: a pilot study. Neurology 82(15):1302–1306.
https://doi.org/10.1212/WNL.0000000000000317

Azuar C, Levy R (2018) Behavioral disorders: the 'blind spot' of neurol-
ogy and psychiatry. Rev Neurol (Paris) 174(4):182–189. https://doi.
org/10.1016/j.neurol.2018.02.083

Baizabal-Carvallo JF, Jankovic J (2018) Autoimmune and paraneoplastic
movement disorders: an update. J Neurol Sci 15(385):175–184.
https://doi.org/10.1016/j.jns.2017.12.035

Briani C, Lucchetta M, Ghirardello A et al (2009) Neurolupus is associ-
ated with anti-ribosomal P protein antibodies: an inception cohort
study. J Autoimmun 32(2):79–84. https://doi.org/10.1016/j.jaut.
2008.12.002

Buchner C, Bryant C, Eslami A et al (2014)Anti-nuclear antibody screen-
ing using HEp-2 cells. J Vis Exp 23(88):e51211. https://doi.org/10.
3791/51211

Byun J, Lee S, Moon J et al (2016) Distinct intrathecal interleukin-17/
interleukin-6 activation in anti-N-methyl-d-aspartate receptor en-
cephalitis. J Neuroimmunol 297:141–147

Constantinescu R, Krýsl D, Andrén K, Asztély F, Bergquist F, Zetterberg
H, Andreasson U, Axelsson M, Menachem EB, Jons D, Mahamud
U, Malmeström C, Rosengren L, Blennow K (2017) Cerebrospinal
fluid markers of neuronal and glial cell damage in patients with
autoimmune neurologic syndromes with and without
underlyingmalignancies. J Neuroimmunol 306:25–30. https://doi.
org/10.1016/j.jneuroim.2017.02.018

Dale RC, Brilot F, Fagan E, Earl J (2009) Cerebrospinal fluid neopterin in
pediatric neurology: a marker of active central nervous system in-
flammation. Dev Med Child Neurol 51(4):317–323. https://doi.org/
10.1111/j.1469-8749.2008.03225.x

Dalmau J (2015) Autoimmunity: the good, the bad, and the ugly. Neurol
Neuroimmunol Neuroinflamm 2(6):e181. https://doi.org/10.1212/
NXI.0000000000000181

Dalmau J, Gleichman AJ, Hughes EG et al (2008)Anti-NMDA-receptor
encephalitis: caseseries and analysis of the effects of antibodies.
Lancet Neurol 7(12):1091–1098. https://doi.org/10.1016/S1474-
4422(08)70224-2

Metab Brain Dis (2019) 34:1473–1485 1483

https://doi.org/10.1177/1094428112470848
https://doi.org/10.1007/s13365-015-0371-x
https://doi.org/10.1007/s13365-015-0371-x
https://doi.org/10.1212/WNL.0000000000000317
https://doi.org/10.1016/j.neurol.2018.02.083
https://doi.org/10.1016/j.neurol.2018.02.083
https://doi.org/10.1016/j.jns.2017.12.035
https://doi.org/10.1016/j.jaut.2008.12.002
https://doi.org/10.1016/j.jaut.2008.12.002
https://doi.org/10.3791/51211
https://doi.org/10.3791/51211
https://doi.org/10.1016/j.jneuroim.2017.02.018
https://doi.org/10.1016/j.jneuroim.2017.02.018
https://doi.org/10.1111/j.1469-8749.2008.03225.x
https://doi.org/10.1111/j.1469-8749.2008.03225.x
https://doi.org/10.1212/NXI.0000000000000181
https://doi.org/10.1212/NXI.0000000000000181
https://doi.org/10.1016/S1474-4422(08)70224-2
https://doi.org/10.1016/S1474-4422(08)70224-2


Deisenhammer F, Bartos A, Egg R et al (2006) EFNS Task Force.
Guidelines on routine cerebrospinal fluid analysis. Report from an
EFNS task force. Eur J Neurol 13(9):913–922. https://doi.org/10.
1111/j.1468-1331.2006.01493.x

Dubey D, Pittock SJ, Kelly CR et al (2018) Autoimmune encephalitis
epidemiology and a comparison to infectious encephalitis. Ann
Neurol 83(1):166–177. https://doi.org/10.1002/ana.25131

Edén A, Marcotte TD, Heaton RK et al (2016) Increased intrathecal
immune activation in virally suppressed HIV-1 infected patients
with neurocognitive impairment. PLoS One 11(6):e0157160.
https://doi.org/10.1371/journal.pone.0157160

Fominykh V, Frei E, Brylev L et al (2018a) Neurochem J 12:311. https://
doi.org/10.1134/S1819712418040037

Fominykh V, Vorobyeva A, Onufriev MVet al (2018b) Interleukin-6, S-
Nitrosothiols, and neurodegeneration in different central nervous
system demyelinating disorders: is there a relationship? J Clin
Neurol 14(3):327–332. https://doi.org/10.3988/jcn.2018.14.3.327

Ganesh A, Wesley SF (2018) Practice current: when do you suspect
autoimmuneencephalitis and what is the role of antibody testing?
Neurol Clin Pract 8(1):67–73. https://doi.org/10.1212/CPJ.
0000000000000423

Gendron TF, C9ORF72 Neurofilament Study Group, Daughrity LM,
Heckman MG, Diehl NN, Wuu J, Miller TM, Pastor P, Trojanowski
JQ, Grossman M, Berry JD, Hu WT, Ratti A, Benatar M, Silani V,
Glass JD, Floeter MK, Jeromin A, Boylan KB, Petrucelli L (2017)
Phosphorylated neurofilament heavy chain: a biomarker of survivalfor
C9ORF72-associated amyotrophic lateral sclerosis. Ann Neurol
82(1):139–146. https://doi.org/10.1002/ana.24980

Graus F, Titulaer MJ, Balu R et al (2016) A clinical approach to diagnosis
of autoimmune encephalitis. Lancet Neurol 15(4):391–404. https://
doi.org/10.1016/S1474-4422(15)00401-9

Hagberg L, Cinque P, Gisslen M et al (2010) Cerebrospinal fluid
neopterin: an informative biomarker of centralnervous system im-
mune activation inHIV-1 infection. AIDSRes Ther 7:15. https://doi.
org/10.1186/1742-6405-7-15

Harutyunyan G, Hauer L, Dünser MWet al (2017) Autoimmune enceph-
alitis at the NeurologicalIntensive care unit: etiologies, reasons for
admission and survival. NeurocritCare 27(1):82–89. https://doi.org/
10.1007/s12028-016-0370-7

Hébert J, Day GS, Steriade C et al (2018)Long-term CognitiveOutcomes
in patients with autoimmune encephalitis. Can J Neurol Sci 25:1–5.
https://doi.org/10.1017/cjn.2018.33

Herken J, Prüss H (2017) Red flags: clinical signs for identifying
AutoimmuneEncephalitis in psychiatric patients. Front Psychiatry
8:25. https://doi.org/10.3389/fpsyt.2017.00025

Honnorat J, Plazat LO (2018) Autoimmune encephalitis and psychiatric
disorders. Rev Neurol (Paris) 174(4):228–236. https://doi.org/10.
1016/j.neurol.2017.11.004

Horellou P,WangM,KeoVet al (2015) Increased interleukin-6 correlates
with myelin oligodendrocyte glycoprotein antibodies in pediatric
monophasic demyelinating diseases and multiple sclerosis. J
Neuroimmunol 289:1–7. https://doi.org/10.1016/j.jneuroim.2015.
10.002

Hottenrott T, Dersch R, Berger B et al (2015) The intrathecal, polyspecific
antiviral immune response in neurosarcoidosis, acute disseminated
encephalomyelitis and autoimmune encephalitis compared
tomultiple sclerosis in a tertiary hospital cohort. Fluids Barriers
CNS 12:27. https://doi.org/10.1186/s12987-015-0024-8

Körtvelyessy P, Prüss H, Thurner L et al (2018) Biomarkers of neurode-
generation in autoimmune-mediated encephalitis. FrontNeurol 9:
668. https://doi.org/10.3389/fneur.2018.00668. eCollection 2018

Kothur K, Wienholt L, Mohammad SS et al (2016) Utility of CSF
cytokine/chemokines as markers of active intrathecal inflammation:

comparison of demyelinating, anti-NMDAR and enteroviral en-
cephalitis. PLoS One 11(8):e0161656. https://doi.org/10.1371/
journal.pone.0161656 eCollection 2016

Lascano AM, Vargas MI, Lalive PH (2018) Diagnostic tools for immune
causes of encephalitis. Clin Microbiol Infect. https://doi.org/10.
1016/j.cmi.2018.12.012

Lee SK, Lee ST (2016) The laboratory diagnosis of autoimmune enceph-
alitis. J Epilepsy Res 6(2):45–50. https://doi.org/10.14581/jer.16010

Leypoldt F, Armangue T, Dalmau J (2015) Autoimmune encephalopa-
thies. Ann N YAcadSci 1338:94–114. https://doi.org/10.1111/nyas.
12553

Li L, Sun L, Ret al D (2017) Application of the 2016 diagnostic approach
for autoimmune encephalitis from lancet neurology to Chinese pa-
tients. BMC Neurol 17:195. https://doi.org/10.1186/s12883-017-
0974-3

Liao S, Qian Y, HuH et al (2017) Clinical characteristics and predictors of
outcome for Onconeural antibody-associated disorders: a retrospec-
tive analysis. Front Neurol 8:584. https://doi.org/10.3389/fneur.
2017.00584

Lin WL, Chi H, Huang FY et al (2016) Analysis of clinical outcomes
inpediatric bacterial meningitis focusing on patients without cere-
brospinal fluid pleocytosis. J Microbiol Immunol Infect 49(5):723–
728. https://doi.org/10.1016/j.jmii.2014.08.013

Molero-Luis M, Fernandez-Urena S et al (2013) Cerebrospinal fluid
neopterin analysis in neuropediatric patients: establishment of a
new cut off-value for the identification of inflammatory-immune
mediated processes. PLoS One 8(12):e83237. https://doi.org/10.
1371/journal.pone.0083237

Motta I, Allice T, Romito A et al (2017) Cerebrospinal fluid viral load and
neopterin in HIV-positive patients with undetectable viraemia.
Antivir Ther 22(6):539–543. https://doi.org/10.3851/IMP3140

Padberg F, Feneberg W, Schmidt S et al (1999) CSF and serum levels of
soluble interleukin-6 receptors (sIL-6R and sgp130), but not of
interleukin-6 are altered in multiple sclerosis. J Neuroimmunol
99(2):218–223. https://doi.org/10.1016/S0165-5728(99)00120-4

Pollak TA, Lennox BR (2018) Time for a change of practice: the real-
world value of testing for neuronal autoantibodies in acute first-
episode psychosis. BJ Psych Open 4(4):262–264. https://doi.org/
10.1192/bjo.2018.27

Sarigecili E, Cobanogullari MD, Komur M et al (2018) Mult Scler Relat
Disord 28:101–103. https://doi.org/10.1016/j.msard.2018.12.017

Stelmasiak Z, Kozioł-MontewkaM, Dobosz B, Rejdak K (2001)IL-6 and
sIL-6R concentration in the cerebrospinal fluid and serum of MS
patients. Med SciMonit 7(5):914–918

Thompson AJ, Banwell BL, Barkhof F et al (2018a) Diagnosis of multi-
ple sclerosis: 2017revisions of theMcDonald criteria. Lancet Neurol
17(2):162–173. https://doi.org/10.1016/S1474-4422(17)30470-2

Thompson J, Bi M, Murchison AG, Makuch M et al (2018b)
Faciobrachial dystonic seizures study group. The importance of ear-
ly immunotherapy in patients with faciobrachial dystonic seizures.
Brain 141(2):348–356. https://doi.org/10.1093/brain/awx323

Tkachenko OY, Lapin SV, Mazing AV et al (2017) The comparative
analysis of immunologic techniques of detection of anti-
phospholipid antibodies. Klin Lab Diagn 62(1):40–44 Russian

Varley J, Taylor J, Irani SR (2018)Autoantibody-mediated diseases of the
CNS:structure, dysfunction and therapy. Neuropharmacology 132:
71–82. https://doi.org/10.1016/j.neuropharm.2017.04.046

VorobyevaAA, Fominykh VV, OnufrievMVet al (2014) Neurochem J 8:
221. https://doi.org/10.1134/S1819712414030143

Wagner JN, Kalev O, Sonnberger M, Krehan I, von Oertzen T (2018)
Evaluation of clinical and Paraclinical findings for the differential
diagnosis of Autoimmuneand infectious encephalitis. Front Neurol
9:434. https://doi.org/10.3389/fneur.2018.00434

1484 Metab Brain Dis (2019) 34:1473–1485

https://doi.org/10.1111/j.1468-1331.2006.01493.x
https://doi.org/10.1111/j.1468-1331.2006.01493.x
https://doi.org/10.1002/ana.25131
https://doi.org/10.1371/journal.pone.0157160
https://doi.org/10.1134/S1819712418040037
https://doi.org/10.1134/S1819712418040037
https://doi.org/10.3988/jcn.2018.14.3.327
https://doi.org/10.1212/CPJ.0000000000000423
https://doi.org/10.1212/CPJ.0000000000000423
https://doi.org/10.1002/ana.24980
https://doi.org/10.1016/S1474-4422(15)00401-9
https://doi.org/10.1016/S1474-4422(15)00401-9
https://doi.org/10.1186/1742-6405-7-15
https://doi.org/10.1186/1742-6405-7-15
https://doi.org/10.1007/s12028-016-0370-7
https://doi.org/10.1007/s12028-016-0370-7
https://doi.org/10.1017/cjn.2018.33
https://doi.org/10.3389/fpsyt.2017.00025
https://doi.org/10.1016/j.neurol.2017.11.004
https://doi.org/10.1016/j.neurol.2017.11.004
https://doi.org/10.1016/j.jneuroim.2015.10.002
https://doi.org/10.1016/j.jneuroim.2015.10.002
https://doi.org/10.1186/s12987-015-0024-8
https://doi.org/10.3389/fneur.2018.00668
https://doi.org/10.1371/journal.pone.0161656
https://doi.org/10.1371/journal.pone.0161656
https://doi.org/10.1016/j.cmi.2018.12.012
https://doi.org/10.1016/j.cmi.2018.12.012
https://doi.org/10.14581/jer.16010
https://doi.org/10.1111/nyas.12553
https://doi.org/10.1111/nyas.12553
https://doi.org/10.1186/s12883-017-0974-3
https://doi.org/10.1186/s12883-017-0974-3
https://doi.org/10.3389/fneur.2017.00584
https://doi.org/10.3389/fneur.2017.00584
https://doi.org/10.1016/j.jmii.2014.08.013
https://doi.org/10.1371/journal.pone.0083237
https://doi.org/10.1371/journal.pone.0083237
https://doi.org/10.3851/IMP3140
https://doi.org/10.1016/S0165-5728(99)00120-4
https://doi.org/10.1192/bjo.2018.27
https://doi.org/10.1192/bjo.2018.27
https://doi.org/10.1016/j.msard.2018.12.017
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1093/brain/awx323
https://doi.org/10.1016/j.neuropharm.2017.04.046
https://doi.org/10.1134/S1819712414030143
https://doi.org/10.3389/fneur.2018.00434


Wilken M, Ameghino L, Cammarota Á, Nogués MA, Del Castillo M,
FarezMF (2017) Clinical and cerebrospinal fluid findings contribute
to the early differentiation betweeninfectious and noninfectious en-
cephalitis. Medicina (B Aires) 77(3):214–221

Yasar KK, Pehlivanoglu F, Sengoz G (2010) Predictors of mortality in
tuberculousmeningitis: a multivariate analysis of 160 cases. Int J
Tuberc Lung Dis 14(10):1330–1335

Yeshokumar AK, Gordon-Lipkin E, Arenivas A, Cohen J, Venkatesan A,
Saylor D, Probasco JC (2017) Neurobehavioral outcomes in

autoimmune encephalitis. J Neuroimmunol 312:8–14. https://doi.
org/10.1016/j.jneuroim.2017.08.010

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Metab Brain Dis (2019) 34:1473–1485 1485

https://doi.org/10.1016/j.jneuroim.2017.08.010
https://doi.org/10.1016/j.jneuroim.2017.08.010

	Neuronal damage and neuroinflammation markers in patients with autoimmune encephalitis and multiple sclerosis
	Abstract
	Introduction
	Materials and methods
	Patients
	CSF and blood sampling
	Statistical analysis

	Results
	AE group description (Table�2)
	Characteristics of MS group (Table�3)
	Analysis

	Discussion
	Conclusion
	References


