
lable at ScienceDirect

European Journal of Paediatric Neurology 30 (2021) 9e16
Contents lists avai
European Journal of Paediatric Neurology
Diagnosis of pediatric anti-NMDAR encephalitis at the onset: A clinical
challenge

F. Ursitti a, 1, D. Roberto b, 1, L. Papetti a, R. Moavero a, b, M.A.N. Ferilli a, L. Fusco a,
F. Vigevano a, P. Curatolo b, M. Valeriani a, c, *

a Department of Neurological and Psychiatric Sciences, Bambino Gesù Children Hospital, Rome, Italy
b Child Neurology and Psychiatry Unit, Systems Medicine Department, Tor Vergata University Hospital of Rome, Rome, Italy
c Center for Sensory-Motor Interaction, Aalborg University, Aalborg, Denmark
a r t i c l e i n f o

Article history:
Received 6 April 2020
Received in revised form
26 November 2020
Accepted 6 December 2020

Keywords:
Anti-NMDAR encephalitis
Autoimmune encephalitis
Psychosis
Children
Clinical presentation
* Corresponding author. Neurology Unit, Ospedal
Piazza Sant’Onofrio 4, 00165 Rome, Italy.

E-mail address: m.valeriani@tiscali.it (M. Valerian
1 These authors have contributed equally to this w
2 NMDAR ¼ N-methyl-D-aspartate receptor, MRI ¼

AMPA ¼ the a-amino-3-hydroxy-5-methyl-
GABA ¼ gamma-aminobutyric acid B, ADEM ¼ acu
myelopathy, CSF ¼ cerebrospinal fluid, EEG: electroen

https://doi.org/10.1016/j.ejpn.2020.12.004
1090-3798/© 2020 European Paediatric Neurology So
a b s t r a c t

Backgrounds: To investigate the clinical and instrumental features at the onset addressing to the diag-
nosis of anti-NMDAR encephalitis.
Methods: Twenty children (age: 15 months-17 years; 7 males, 13 females) with initial suspected diag-
nosis of autoimmune encephalitis, observed between January 2008 and March 2018, were included. The
final diagnosis was anti-NMDAR encephalitis in 7 children, other/probable autoimmune encephalitis in 7
children, and primary psychosis in the remaining 6 children.
Results: At the clinical onset, anxiety disorder was the main symptom that helped in distinguishing the
group of psychotic children from children with non-infectious encephalitis (P ¼ 0.05 OR ¼ 0.001), while
epileptic seizures strongly predicted anti-NMDAR encephalitis (P ¼ 0.04 OR ¼ 28.6). At the onset, anti-
NMDAR encephalitis could be distinguished from other/probable autoimmune encephalitis for the
presence of sleep/wake rhythm alteration (P ¼ 0.05 OR ¼ 15). Among the symptoms occurring during the
hospitalization, movement disorders (P ¼ 0.031 OR ¼ 12) were predictive of non-infectious encephalitis
rather than primary psychosis. More specifically, the occurrence of language impairment (P ¼ 0.03
OR ¼ 33), epileptic seizures (P ¼ 0.04 OR ¼ 28.6) and catatonia (P ¼ 0.03, OR ¼ 33), were predictive of
anti-NMDAR encephalitis. Also at this stage, anxiety disorder (P ¼ 0.03 OR ¼ 0.033) was predictive of
primary psychosis.
Conclusion: Our findings suggest that at the clinical onset epileptic seizures and sleep/wake rhythm
alteration represent the main features addressing to the diagnosis of anti-NMDAR encephalitis rather
than primary psychosis and other/probable autoimmune encephalitis, while anxiety disorder could be a
solid predictor of primary psychosis.

© 2020 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights reserved.
1. Introduction2

Autoimmune encephalitis refers to an inflammatory disorder of
the brain resulting in an altered mental state, with convulsions or
focal neurological deficits. Although it is usually associated to signs
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of inflammation in the cerebrospinal fluid, magnetic resonance
imaging (MRI) may show either normal features or extended ab-
normalities [1]. The target antigens are receptors and proteins that
have critical roles in synaptic-transmission and plasticity, including
the N-methyl-D-aspartate receptor (NMDAR) [2e5].

NMDAR is a glutamate-dependent cationic channel playing an
essential role in cortical development, sensory transmission,
neurotoxicity and synaptic plasticity [6]. Although the exact inci-
dence of anti-NMDAR encephalitis is unknown, it is probably more
frequent than any other autoimmune encephalitis. [7] In approxi-
mately 70% of patients, the syndrome evolves classically through
different stages, with prodromal symptoms, such as headache, fe-
ver, nausea, vomiting, diarrhea or upper respiratory tract symp-
toms [8]. This prodromal phase is followed by psychiatric
l rights reserved.
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symptoms, neurological symptoms and autonomic instability.
Younger patients usually present with focal or bilateral seizures or
evolving into epileptic status and abnormal movements such as
dyskinesias, choreoathetosis, tremor and dystonia, while adults
generally have psychiatric manifestations [9]. Signs of autonomic
dysfunction including hyperthermia, tachycardia, hypertension,
urinary incontinence, central and cardiac hypoventilation, and
dysarithmia occur in about 40% of preadolescent children and 50%
of adolescents [9].

Variability of symptoms at the onset can lead to an incorrect
diagnosis of primary psychosis, so that many anti-NMDAR en-
cephalitis patients may be treated with antipsychotic drugs [10]. In
younger children, recognizing behavioral changes, though easier
for parents, can be difficult for caregivers, because anger, hyper-
activity or irritability can be frequent at this age [11]. Symptoms as
delusions, hallucinations, disorganized thinking (speech), severely
disorganized or abnormal motor behavior (including catatonia) and
negative symptoms can be observed both in patients with anti-
NMDAR encephalitis and in patients with psychotic disorders
[12]. The difficulty in the diagnosis of anti-NMDAR encephalitis at
the onset can lead to: 1) use of antiepileptic and psychotropic
drugs, which, though useful in the initial phase, while waiting for
the curative treatment, can even worsen some symptoms in pa-
tients with anti-NMDAR encephalitis [13], and 2) delay in the onset
of aggressive immune therapy, with increasing risk of relapse [14].

The present study aimed at: 1) comparing the disease onset in
children affected by three conditions, namely anti-NMDAR en-
cephalitis, other/probable autoimmune encephalitis, and psychotic
disorder, which can have an overlapping clinical presentation
leading to potential diagnostic mistakes, and 2) describing the
clinical and instrumental findings in these 3 groups of pediatric
children at a later stage.

2. Materials and methods

2.1. Patients

For this retrospective study, we recruited children observed at
the Neurology Unit of Bambino Gesù Children’s Hospital between
January 2008 and March 2018. The initial hypothesis of autoim-
mune encephalitis was raised according to the Graus criteria
(2016): [15].

- Subacute (progression less than 3 months) onset of short-term
memory defects, impaired mental status (impaired level of
consciousness, lethargy or personality change) or psychiatric
symptoms

At least one of the following:

- Focal symptoms of the new onset CNS
- Epileptic seizures or illness not explained by a previous diag-
nosis of epilepsy

- Liquor pleocytosis (>5 leukocytes/mm3)
- Brain MRI with encephalitis characteristics
- Reasonable exclusion of alternative causes; in particular, the
following etiologies have been excluded: infectious encephalitis,
prion diseases, toxic/metabolic encephalopathies, cerebrovas-
cular diseases, brain neoplasia.

Children with disseminated acute encephalomyelitis (ADEM)
were not included in the study, due to the consolidated noso-
graphic definition based on specific diagnostic criteria [16].

Twenty children were eligible for the study. All these children
underwent brain MRI and lumbar puncture for chemical and
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immunological examination of the cerebrospinal fluid (CSF). The
method used for the detection of auto-antibodies (anti-GAD, anti-
NMDAR, anti-GABAa, anti-GABAb, anti-LGI1, anti-CASPR2, anti-
AMPA12, anti-AMPA2r, anti-HU) was the cell-based assays in neu-
roimmunological laboratory of IRCCS Foundation Carlo Besta
Neurological Institute. EEG was recorded in all but one patient. For
the diagnosis of anti-NMDAR encephalitis, the anti-NMDAR anti-
bodies had to be demonstrated in CSF. In children with non-
infectious encephalitis, other specific auto-antibodies were found,
such as anti-GABAa (1 child), anti-GABAb (1child), anti-Hu (1 child),
and anti-GAD (1 child). In other 3 children, who showed transitory
brain MRI inflammatory abnormalities, no specific auto-antibody
was found; therefore, they received a final diagnosis of probable
autoimmune encephalitis. According to DSM-5 classification, pri-
mary psychotic disorders are divided into a wide spectrum of
conditions, such as schizotypal personality disorder, delusional
disorder, brief psychotic disorder, schizophreniform disorder and
schizophrenia [17]. Primary psychosis is also identified as a clinical
condition characterized by abnormal psychomotor behavior,
negative symptoms, cognitive disturbances and emotional distur-
bances [18]. In our study, those children who showed these
symptoms and did not have either auto-antibodies in CSF or
biochemical/neuroimaging signs of encephalitis were diagnosed as
having psychotic disorder.

Final diagnoses were as follows: anti-NMDAR encephalitis in 7
children (6 females, 1 male, mean age 13.8 ± 4.8 years), other/
probable autoimmune encephalitis in 7 children (4 females, 3
males, mean age 8.9 ± 6 years), and primary psychosis in the
remaining 6 children (3 females, 3 males, mean age 15.1 ± 1.1 years)
(Table 1). For statistical purposes, children with anti-NMDAR en-
cephalitis and other/probable autoimmune encephalitis were
either considered separately or grouped as “non-infectious
encephalitis”.

2.2. Data collection and statistical analysis

Clinical features at the onset and during the hospitalization,
radiological characteristics, laboratory tests (in particular cerebro-
spinal fluid characteristics), EEG features, evolution and outcome
were obtained directly from the medical records and outpatient
visits. The term “onset” refers to the very initial symptoms and
signs presented by our children before medical observation, while
the term “hospitalization” refers to symptoms and signs observed
during permanence in the hospital.

The most characteristic symptoms and signs both at onset and
during hospitalization were evaluated: behavioral alterations, al-
terations of the sleep/wake rhythm, epileptic manifestations, mood
disorders, psychomotor agitation, movement and motor disorders,
alterations in the state of consciousness, thought disorders, visual
and auditory hallucinations, anxiety disorders, catatonic state,
autonomic dysfunctions, language alterations, and hyperpyrexia.

First, data analysis was conducted using simple logistic regres-
sion and multivariate logistic regression to demonstrate whether
there were any clinical, laboratories or radiological elements pre-
dictive of one of the three diagnoses (autoimmune anti-NMDAR
encephalitis, other/probable autoimmune encephalitis and pri-
mary psychosis). Second, a stepwise logistic regression model was
used to evaluate the association between a range of dependent
variables (statistically significant in univariate analysis) to identify
multi-variable predictive models. In the simple logistic regression,
the correlations between the individual independent variables (sex,
age and clinical, laboratory or instrumental and radiological fea-
tures) and the dependent variable (anti-NMDAR encephalitis,
other/probable autoimmune encephalitis or primary psychosis)
were evaluated individually, to find out if there were predictive



Table 1
Demografic data, first medical observation, duration of hospitalitation and follow-up.

Patient Gender Mean age at the first symptom Time between first symptoms and first medical
contact

Duration of
hospitalization

Duration of follow-
up

HN (anti-NMDAR) F 12 years 1 day 90 days 21 months
VS (anti-NMDAR) F 15 years 20 days 30 days 35 months
LL (anti-NMDAR) M 3 years and 9 months 4 days 49 days 22 months
SR (anti-NMDAR) F 17 years 120 days 90 days 21 months
RE (anti-NMDAR) F 17 years and 6 months 150 days 27 days 13 months
MI (anti-NMDAR) F 15 years and 5 months 7 days 90 days 13 months
HZ (anti-NMDAR) F 15 years and 10 months 1 day 20 days 12 months
PSAMS (autoimmune) F 17 years and 2 months 1 day 120 days 52 months
VL (autoimmune) F 13 years and 6 months 4 days 37 days 12 months
KK (autoimmune) F 13 months 1 day 480 days /
BF (autoimmune) M 12 years and 3 months 60 days 38 days 12 months
ME (autoimmune) F 6 years 4 days 11 days 36 months
AD (autoimmune) M 10 years 30 days 15 days 36 months
ST (autoimmune) M 2 years and 6 moths 4 days 37 days 12 months
DTA (primary

psychosis)
M 14 years and 10 months 5 days 58 days 30 months

SS (primary psychosis) F 14 years and 10 months 120 days 3 days 12 months
BC (primary psychosis) M 16 years and 8 months 1 day 17 days 12 months
BAK (primary

psychosis)
F 15 years and 10 months 3 days 6 days /

FA (primary psychosis) M 15 years 1 day 53 days 12 months
DVF (primary

psychosis)
F 12 years and 8 months 240 days 3 days 12 months
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elements for an early diagnosis. Furthermore, we calculated the
statistical significance and the predictive value of each symptom
and sign observed in the different groups, first comparing the group
of non-infectious encephalitis (which included children with both
anti-NMDAR and other/probable autoimmune encephalitis) versus
that of psychotic disorders, then the group of anti-NMDAR en-
cephalitis versus that with other/probable autoimmune encepha-
litis, and lastly the group of anti-NMDAR encephalitis versus that
with psychotic disorders.

Moreover, we performed an ANOVA analysis to compare the
mean age of onset of symptoms and the mean number of days
between the onset of symptoms and the first medical evaluation in
the three groups of children. A post hoc analysis with LSD was used
to compare the differences between pairs of groups (anti-NMDAR
encephalitis vs other-probable autoimmune encephalitis; anti-
NMDAR encephalitis vs primary psychosis and other-probable
autoimmune encephalitis vs primary psychosis).

In all cases, P < 0.05 was considered statistically significant; all P
were two-sided. Statistical analysis was performed using STATA
11.2 software (StataCorp LP Inc., College Station, TX, USA).
3. Results

3.1. Disease onset

Children with anti-NMDAR encephalitis typically presented
with psychiatric symptoms at the onset and developed a spectrum
of other neurological disorders during the evolution of the disease.
The onset symptoms were represented by sudden behavioral
changes (7 children, 100%), changes in the sleep/wake rhythm (5
children, 71%), seizures (5 children, 71%), mood disorder (3 chil-
dren, 43%), psychomotor agitation (2 children, 28%), movement
disorders (2 children, 28%), alteration of consciousness (1 child,
14%), visual/auditory hallucinations (1 child, 14%), thought disorder
(1 child, 14%), anxiety disorder (1 child, 14%), and hyperpyrexia (1
child, 14%). Language impairment and catatonia were never
observed at the onset. Only one child with anti-NMDAR encepha-
litis had no neurological symptoms as first clinical manifestation
(Table 2).
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Children with other/probable autoimmune encephalitis could
present with psychiatric symptoms, which were, however, less
common than in children with anti-NMDAR encephalitis. Symp-
toms at onset consisted in alteration of consciousness (4 children,
57%), sudden behavioral changes (2 children, 28%), psychomotor
agitation (1 child, 14%), mood disorders (1 child, 14%), and changes
in the sleep/wake rhythm (1 child, 14%). More specific neurological
symptoms at onset included movement disorders (4 children, 57%)
and epileptic seizures (3 children, 43%).

In childrenwith a final diagnosis of psychotic disorder, the main
symptoms at the onset were behavioral changes (6 children, 100%),
anxiety disorder (6 children, 100%), alteration of the sleep/wake
rhythm (3 children, 50%), motor stereotypies (2 children, 33%),
mood disturbance (2 children, 33%), impaired speech (2 children,
33%), catatonia (1 child, 16%), visual/auditory hallucinations (1
child, 16%), and thought disorders (1 child, 16%). At the onset, 4
children (66%) presented with a confusion state.

At the onset, simple logistic regression showed that children
with anti-NMDAR encephalitis typically had sleep disorders
(P ¼ 0.05, OR ¼ 15) and seizures (P ¼ 0.04, OR ¼ 28.6), while
children with primary psychosis presented with anxiety disorder
(P ¼ 0.05, OR ¼ 0.001).

No multi-variable predictive models were identified with step-
wise logistic regression model.

Whenwe compared themean age of onset of symptoms and the
mean number of days between the onset of symptoms and the first
medical evaluation in the three groups of children, we found only a
significant difference in the mean age of onset of symptoms be-
tween children with other/probable autoimmune encephalitis and
those with primary psychosis (107.1 ± 71 vs 179.6 ± 16 months;
F ¼ 5.8; P ¼ 0.03).
3.2. Clinical features during hospitalization

In children with anti-NMDAR encephalitis, the appearance of
catatonic state during the hospitalization was frequent (5 out of 7
children, 71%). It was usually associated with symptoms of auto-
nomic dysfunction, such as abnormal heart (bradycardia or tachy-
cardia) and respiratory (hypoventilation) rate and blood pressure



Table 2
Clinical features at onset.

Patient Behavioral
changes

Changes in the
sleep wake
rhythm

Seizures Mood
disorder

Psychomotor
agitation

Movement
disorders/
stereotypies

Alteration of
consciousness/
confusion state

Visual and
auditory
hallucinations

Thought
disorder

Anxiety
disorder

Hyperpyrexia Language
impairment

Catatonia Autonomic
dysfunctions

Autoantibodies

HN (anti-
NMDAR)

✓ X ✓ X ✓ X X ✓ ✓ X X X X X anti-NMDAR

VS (anti-NMDAR) ✓ ✓ ✓ ✓ ✓ X X ✓ X X X X X X anti-NMDAR
LL (anti-NMDAR) ✓ X ✓ X ✓ ✓ X X X X X X X X anti-NMDAR
SR (anti-NMDAR) ✓ ✓ X ✓ X X X X X ✓ X X X X anti-NMDAR
RE (anti-

NMDAR)
✓ ✓ X ✓ ✓ ✓ X X X X X X X X anti-NMDAR

MI (anti-
NMDAR)

✓ ✓ ✓ X ✓ X ✓ X X X X X X X anti-NMDAR

HZ (anti-
NMDAR)

✓ ✓ ✓ ✓ X X X X X X X X X X anti-NMDAR

PSAMS
(autoimmune)

✓ X ✓ X ✓ X ✓ X X X X X X X anti-GABAa

VL
(autoimmune)

X X ✓ X ✓ X ✓ X X X ✓ X X X anti-GABAa

KK
(autoimmune)

X X ✓ X X ✓ X X X X X X X X Anti-HU

BF
(autoimmune)

X X X X ✓ ✓ X ✓ X X ✓ X X X anti-GAD

ME
(autoimmune)

X X X ✓ X X X X X X ✓ X X X X

AD
(autoimmune)

✓ ✓ X ✓ X ✓ ✓ X X X X X X X X

ST
(autoimmune)

✓ ✓ X X X ✓ ✓ X X X ✓ X X X X

DTA (primary
psychosis)

✓ X X X X X X X ✓ X X X X X X

SS (primary
psychosis)

X ✓ X ✓ X X X ✓ X ✓ X X X X X

BC (primary
psychosis)

X ✓ X ✓ X X ✓ X X X X ✓ X X X

BAK (primary
psychosis)

X ✓ X X X ✓ ✓ X ✓ X X X ✓ X X

FA (primary
psychosis)

X ✓ X X ✓ X ✓ X ✓ ✓ X X X X X

DVF (primary
psychosis)

✓ X X X X ✓ ✓ X ✓ X X ✓ X X X

X ¼ not present, √ ¼ present, anti-NMDAR ¼ children with NMDAR encephalitis, autoimmune ¼ children with other/probable autoimmune encephalitis.
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modifications (hypotension or hypertension) (4 out of 7 children,
57%) (Table 3). Simple logistic regression showed that childrenwith
non-infectious encephalitis typically had movement disorders
(P ¼ 0.031, OR ¼ 12), children with anti-NMDAR encephalitis pre-
sented with catatonia (P ¼ 0.03, OR ¼ 33), impairment of language
(P ¼ 0.03, OR ¼ 33) and seizures (P ¼ 0.04, OR ¼ 28.6), while
children with primary psychosis had anxiety disorder (P ¼ 0.03,
OR ¼ 0.033).

No multi-variable predictive models were identified with step-
wise logistic regression model.

For each group (anti-NMDAR encephalitis vs other-probable
autoimmune encephalitis vs primary psychosis) we found a wide
variability in the range of days between the onset of the symptoms
and the first hospitalization for which the differences between the
means did not show statistically significant values (respectively
43 ± 63 vs 14 ± 22 vs 61 ± 99 days; P ¼ 0.2).

3.3. Characteristics of cerebrospinal fluid

The presence of pleocytosis (more than 5 cells per mmc) was
found in six children diagnosed with non-infectious encephalitis,
whereas CSF was normal in all children diagnosed with psychotic
disorder. The presence of an intrathecal synthesis pattern of IgG
oligoclonal bands was found in five children diagnosed with anti-
NMDAR encephalitis and in 1 patient with other/probable auto-
immune encephalitis, whereas it was never found in children
diagnosed with psychotic disorder. Intrathecal synthesis pattern of
IgG oligoclonal bands was more frequent in children with anti-
NMDAR encephalitis than in those with other/probable autoim-
mune encephalitis (P ¼ 0.05, OR ¼ 15).

3.4. EEG characteristics and seizures

The initial EEG was examined, with a particular attention to the
following elements: epileptic discharges, diffuse or focal slowing,
status epilepticus, diffuse beta activities, poor differentiation, and
low voltage activity (Table 4). Statistical analysis failed in showing
any EEG characteristic typical of either non-infectious encephalitis
or psychotic disorder. It is noteworthy that the most characteristic
and specific element of the anti-NMDAR encephalitis, the extreme
delta brush [19], has never been found at the initial EEG exami-
nation. More in detail, only one patient showed this EEG pattern
after fifteen days from the admission to hospital.

Five children with anti-NMDAR encephalitis had seizures both
at onset and during the hospitalization. Among them, three chil-
dren presented focal to bilateral tonic-clonic seizures, one patient
generalized convulsive status epilepticus and one patient focal
status epilepticus. Seizures were not recorded by EEG during the
hospitalization.

3.5. MRI characteristics

In all our children with anti-NMDAR encephalitis brain MRI was
normal. On the contrary, a patient with psychotic disorder pre-
sented a non-specific alteration (T2-related hyperintense area in
the splenium of the corpus callosum) and five children with other/
probable autoimmune encephalitis showed T2-related hyperin-
tense areas in the hippocampus, cerebellum, fronto-basal region,
insula, basal ganglia, and brainstem.

Statistical analysis failed in showing any MRI characteristic
typical of either non-infectious encephalitis or psychotic disorder.

3.6. Outcome

In our retrospective study, children with anti-NMDAR
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encephalitis showed a good outcome, with no apparent neurolog-
ical deficits or psychiatric symptoms at 1-year follow-up. In chil-
dren with other/probable autoimmune encephalitis, outcome was
good in four children, while two children kept showing memory
deficit and seizures and one child had died. Finally, most children
with primary psychosis presented with psychiatric symptoms at 1-
year follow-up.

4. Discussion

The main finding of the present study is that in children with
behavior disturbance and probable autoimmune encephalitis
epileptic seizures and sleep disturbances should raise the suspect of
anti-NMDAR encephalitis, while anxiety disorder can address to a
final diagnosis of primary psychosis. Moreover, at a later stage of
the disease, during hospitalization, language disorders, such as
mutism, catatonic state and seizures predict anti-NMDAR enceph-
alitis, while anxiety disorder is still a strong predictor of primary
psychosis.

Previous studies showed that anti-NMDAR encephalitis should
be considered in patients presenting with seizures, psychomotor
agitation and/or catatonia, especially if there is no history of a
psychiatric disorder [20]. In agreement with our findings, epileptic
seizures have been shown as the most common symptom in chil-
dren with anti-NMDAR encephalitis at the onset, while in adult-
hood the psychiatric symptoms are more frequently reported [21].
In their meta-analysis of 283 patients with anti-NMDAR encepha-
litis, Sarkis et al. showed that anxiety disorder was present in 13.9%
of adolescents and adults (>12 years old) and in less than 10% of
children (<12 years old) [22].

In a study on 100 adult patients with autoimmune encephalitis,
Herken et al. [23] proposed red and yellow flags addressing the
clinician to look auto-antibodies in CSF. The most meaningful “red
flag” criteria were: 1) CSF lymphocytic pleocytosis or CSF-specific
oligoclonal bands without evidence for infection, 2) epileptic sei-
zures, 3) faciobrachial dystonic seizures, 4) suspected malignant
neuroleptic syndrome, 5) MRI abnormalities (mesiotemporal
hyperintensities, atrophy pattern), and 6) EEG abnormalities
(slowing, epileptic activity or extreme delta brush).

In our pediatric population, the most common elements sug-
gesting anti-NMDAR encephalitis at the onset of the disease were
epileptic seizures, abnormal sleep/wake rhythm, catatonia, lan-
guage impairment, and pleocytosis and presence of oligoclonal
bands in CSF, while children with primary psychosis were charac-
terized by anxiety and catatonia (Table 5). Moreover, in children
with other/probable autoimmune encephalitis motor disturbances,
CSF pleocytosis, abnormal brain MRI were typically found. In
particular, the symptoms helping the clinician to distinguish chil-
dren with anti-NMDAR encephalitis from those with other/prob-
able autoimmune encephalitis were the altered sleep/wake rhythm
at the onset and, at a later stage, the language impairment. Anxiety
was predictive of primary psychosis both at the clinical presenta-
tion and during the hospitalization. Interestingly, motor distur-
bances, commonly considered as a main feature of anti-NMDAR
encephalitis [24], were not determinant to disentangle between
anti-NMDAR and other/probable autoimmune encephalitis. In our
pediatric patients with anti-NMDAR encephalitis, hyperkinetic
phasewith extrapyramidal signs followed the clinical presentation;
it was often associated with autonomic instability, characterized by
marked and rapid fluctuation of heart rate, blood pressure, and
respiration. Epileptic seizures or epileptic status occurred in all our
7 children with anti-NMDAR encephalitis, either at the onset or
during the course of the disease. In agreement with the literature
[24], none of our children with final diagnosis of psychotic disorder
ever presented with autonomic symptoms and/or epileptic



Table 3
Clinical features during hospitalization.

Patient Behavioral
changes

Changes in the
sleep wake
rhythm

Seizures Mood
disorder

Psychomotor
agitation

Movement
disorders/
stereotypies

Alteration of
consciousness/
confusion state

Visual
auditory
hallucinations

Thought
disorder

Anxiety
disorder

Hyperpyrexia Language
impairment

Catatonia Autonomic
dysfunctions

Autoantibodies

HN (anti-
NMDAR)

✓ ✓ ✓ X ✓ ✓ ✓ ✓ ✓ X ✓ ✓ ✓ ✓ anti-NMDAR

VS (anti-NMDAR) ✓ ✓ ✓ X ✓ ✓ ✓ ✓ X X X X ✓ ✓ anti-NMDAR
LL (anti-NMDAR) ✓ X ✓ X ✓ ✓ ✓ X X X X ✓ X X anti-NMDAR
SR (anti-NMDAR) ✓ X ✓ X ✓ ✓ ✓ ✓ ✓ X ✓ X ✓ ✓ anti-NMDAR
RE (anti-

NMDAR)
✓ ✓ X ✓ ✓ ✓ ✓ X X X X X ✓ X anti-NMDAR

MI (anti-
NMDAR)

✓ ✓ X X ✓ ✓ ✓ X ✓ X X ✓ ✓ ✓ anti-NMDAR

HZ (anti-
NMDAR)

✓ ✓ ✓ X ✓ ✓ ✓ ✓ ✓ X X X X X anti-NMDAR

PSAMS
(autoimmune)

✓ X ✓ X ✓ X ✓ X X X X X X X anti-GABAa

VL
(autoimmune)

✓ X ✓ X ✓ X ✓ X X X ✓ X X X anti-GABAb

KK
(autoimmune)

X X ✓ X X ✓ ✓ X X X X X X X anti-HU

BF
(autoimmune)

✓ ✓ X X ✓ ✓ ✓ ✓ X ✓ ✓ X X X anti-GAD

ME
(autoimmune)

✓ X X X ✓ ✓ ✓ ✓ X X ✓ X X X X

AD
(autoimmune)

✓ ✓ X X X ✓ ✓ X X X X X X X X

ST
(autoimmune)

✓ ✓ X X X ✓ ✓ X X X X X X X X

DTA (primary
psychosis)

✓ X X X ✓ ✓ ✓ X X X ✓ ✓ ✓ X X

SS (primary
psychosis)

✓ ✓ X ✓ X X X ✓ ✓ ✓ X X X X X

BC (primary
psychosis)

✓ X X ✓ X X ✓ X X ✓ X X ✓ X X

BAK (primary
psychosis)

✓ ✓ X X X X ✓ ✓ X ✓ X X X X X

FA (primary
psychosis)

✓ ✓ X X ✓ X ✓ ✓ ✓ ✓ X ✓ ✓ X X

DVF (primary
psychosis)

✓ X X X X ✓ ✓ ✓ X ✓ X ✓ X X X

X ¼ not present, √ ¼ present, anti-NMDAR ¼ children with NMDAR encephalitis, autoimmune ¼ children with other/probable autoimmune encephalitis.
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Table 4
EEG features at the onset of the disease.

Patient Focal rate slowing of the base
rhythm

Diffuse
slowing

Epileptic
status

Poor topographic differentiation or a
low voltage

Diffuse beta
activity

Epileptic
changes

Autoantibodies

HN (anti-NMDAR) X X ✓ X X X anti-NMDAR
VS (anti-NMDAR) ✓ X X X X X anti-NMDAR
LL (anti-NMDAR) X X ✓ X X X anti-NMDAR
SR (anti-NMDAR) X X X ✓ X X anti-NMDAR
RE (anti-NMDAR) ✓ X X ✓ ✓ X anti-NMDAR
MI (anti-NMDAR) ✓ X X X X X anti-NMDAR
HZ (anti-NMDAR) ✓ X X X X X anti-NMDAR
PSAMS

(autoimmune)
Not performed anti-GABAa

VL (autoimmune) X X ✓ X X X anti-GABAb
KK (autoimmune) X X X ✓ X X anti-HU
BF (autoimmune) ✓ X X X ✓ X anti-GAD
ME (autoimmune) X ✓ X X X X X
AD (autoimmune) ✓ X X X X X X
ST (autoimmune) X ✓ X X ✓ X X
DTA (primary

psychosis)
X X X ✓ X X X

SS (primary
psychosis)

X X X ✓ X X X

BC (primary
psychosis)

✓ X X ✓ X X X

BAK (primary
psychosis)

X X X X X X X

FA (primary
psychosis)

X X X X X X X

DVF (primary
psychosis)

X X X X X ✓ X

X ¼ not present, √ ¼ present.

Table 5
Distinctive features to examined groups.

Anxiety
disorder

Alteration of
sleep/wake
rhythm

Alteration
of brain MRI

Epileptic
seizures

Movement
disorders

Catatonia (during
the hospitalization)

Language impairment
(during the
hospitalization)

Pleocytosis Intrathecal synthesis of
IgG oligoclonal bands

Anti-NMDAR
encephalitis

X ✓ X ✓ X ✓ ✓ ✓ ✓

Other
autoimmune
encephalitis

X X ✓ X ✓ X X ✓ X

Primary
psychosis

✓ X X X X ✓ X X X

X ¼ not present, √ ¼ present.
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manifestations. The presence of an intrathecal synthesis pattern of
IgG oligoclonal bands was more frequent in children with anti-
NMDAR encephalitis, as compared with children the other/prob-
able autoimmune encephalitis. Zhang et al. found that 58.4% of
their young patients with diagnosis of anti-NMDAR encephalitis
presented with oligoclonal bands in CSF [25]. Together with our
results, these findings suggest that the presence of IgG oligoclonal
bands may be considered a possible predictor of anti-NMDAR en-
cephalitis in children. We did not find brain MRI and EEG features
typical of anti-NMDAR autoimmune encephalitis. In particular, in
all our pediatric patients with anti-NMDAR encephalitis brain MRI
was even normal, which does not exclude this diagnosis. In a multi-
institutional observational study, Titulaer et al. reported a low
frequency (33%) of abnormal MRI findings [26]. Also Zhang et al.
found cranial MRI abnormalities located in the temporal, frontal
and parietal lobes in only 32.6% of their children with anti-NMDAR
encephalitis [25]. As for the EEG, it is to be underlined that none of
our pediatric patients with anti-NMDAR encephalitis showed the
typical extreme delta brush abnormalities at the initial EEG.

Some limitations of the present study must be considered. First,
the low number of patients does not allow us to generalize the
15
present findings and draw definitive conclusions. Second, anam-
nestic data and psychiatric symptoms were collected retrospec-
tively from medical records. This can lead to mistakes in the
evaluation of the different clinical elements. Third, our results could
have been partially biased by the large interindividual variability of
the time interval between symptom onset and first medical con-
tact, ranging between 1 day and 5 months.

5. Conclusions

Our data suggest that the main elements addressing to a diag-
nosis of anti-NMDAR encephalitis rather than psychotic disorder in
children are: 1) the lack of anxiety disorder in the recent individual
history, and 2) the presence of sleep/wake rhythm alteration and/or
epileptic seizures.

Moreover, the elements that are mainly in favor of anti-NMDAR
encephalitis rather than other/probable autoimmune encephalitis
include: 1) abnormal sleep/wake rhythm, 2) language impairment,
3) catatonia, and 4) the presence of CSF oligoclonal bands. It is to be
underlined that mean age at the first symptom and time interval
between first symptoms and first medical contact were not
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predictive of anti-NMDAR encephalitis.
Early diagnosis of anti-NMDAR encephalitis is important to

initiate treatment as soon as possible. Suspected diagnosis can be
confirmed only by detecting antibodies in blood or CSF, which can
take even some weeks, depending on the laboratory times.
Therefore, it is of upmost importance to identify clinical or instru-
mental markers addressing the clinicians toward this disease as
from its early symptoms. From this point of view, the results issued
from the present study can help an early clinical identification of
the anti-NMDAR encephalitis, highlighting the differences with
other conditions which can have a similar presentation, such as
other/probable autoimmune encephalitis and primary psychosis.
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