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ABSTRACT

Introduction: In pediatric and adolescent population, autoimmune
encephalitis (AE) may present with a wide variety of symptoms including
cognitive regression accompanied with loss of language skills. Despite its
high prevalence in AE, linguistic functions have not been investigated in
extensive detail.

Case: A 12-year-old girl with no significant premorbid history and
normal school performance presented with fever, hypersomnia,
nocturnal myoclonus and behavioral changes. Although neurological
examination was normal, psychiatric evaluation revealed euphoria, mild
irritability and visual hallucinations. Cranial MRI was normal, whereas
cerebrospinal fluid (CSF) analysis showed elevated protein concentration
and lymphocyte count, electroencephalogram (EEG) showed diffuse
slow waves. A panel for anti-neuronal antibodies demonstrated
glutamic acid decarboxylase (GAD) antibodies in the serum. Following

immunotherapy, all neurological and behavioral symptoms vanished.
However, the patient suffered from significant worsening of school
performance. Psychiatric evaluation revealed severe depression.
Assessment of intelligence done on the 10th and 18th month of follow-
up yielded significantly low scores at mental retardation level. Linguistic
assessment showed significant impairment in all domains but especially
in semantics.

Conclusion: Our case emphasizes the fact that AE may cause permanent
cognitive dysfunction and language impairment even in patients with
normal MRI/neurological examination findings and relatively mild
treatment-responsive disease course.
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INTRODUCTION

In pediatric and adolescent population, autoimmune encephalitis (AE)
may present with a wide variety of symptoms including epileptic seizures,
sleep dysfunction, behavioral abnormalities, catatonia and cognitive
impairment (1). Seizures and fever are usually the initial symptoms in
AE and may be followed by psychiatric signs, insomnia and movement
disorders. Orofacial dyskinesia and language impairment are often
encountered in the advanced stages of disease (1,2).

Language dysfunction tends to be reported relatively more often
in children with AE and is observed in around 1/3 of pediatric and
adolescent anti-N-methyl-D-aspartate receptor (NMDAR)-encephalitis
patients mostly during hospitalization (2,3). Language impairment, along
with mutism, sleep dysfunction, catatonic state and seizures predicts
anti-NMDAR encephalitis and help clinicians distinguish it from other
autoimmune encephalopathies (2). Language impairment is often
accompanied by other typical AE symptoms such as seizures, altered
consciousness, movement disorders and abnormal magnetic resonance
imaging (MRI) findings (4). In the pediatric population, AE may result in
developmental regression characterized with loss of expressive language
skills (5-8).

Highlights
+ Language impairment is a common finding in OE.

+ Cognitive dysfunction and language impairment may be
permanent in treatment-responsive OE.

* OE-induced language dysfunction may take longer to
resolve.

* Language impairment without cognitive, somatic,
radiological findings is important.

Impairment of language, memory and other cognitive functions is
frequently observed even in pediatric AE cases with low modified Rankin
scores (mRS) and normal bedside cognitive test scores. Moreover,
language impairment appears to persevere months after the acute
encephalitis episode despite improvement of other somatic and cognitive
neurological signs (4,9). To our knowledge, despite its high prevalence in
AE, linguistic functions have not been investigated in extensive detail in
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Table 1. Cognitive assessment of the patient
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WIsC-4 Index Scores Comment
E/S?;Eiallell‘r:i(t)igf)\r/ihcigsljg:y, Comprehension, Information, Word Reasoning) >6/64 MR/MR
Fglroccelfgjjsli;e,lslfiztigrge Concepts, Matrix Reasoning, Picture Completion) 49/52 MR/MR
E/Igcigilfciggs:uc,)g%fer—Number Sequencing, Arithmetic) 26/67 MR/MR
Fégfi?rizn SgysrrF:Ez(IjSearch, Cancellation) >9/61 MR/MR
Full scale IQ 40/43 MR/MR

MR: Mental Retardation; WISC-4: Wechsler Intelligence Scale for Children Fourth Edition.
All results are denoted in the form of 10th month of follow-up / 18th month of follow-up.

AE cases, except for one recently reported 2.5-year-old boy with putative
glial fibrillary acidic protein (GFAP)-encephalitis presenting with motor
seizures and permanent severe cognitive/linguistic dysfunction (10).

CASE

We have recently encountered an adolescent AE case with preferential
impairment of behavioral and linguistic functions. Written consent
was obtained from patient’s family. This 12-year-old girl presented
with a 3-day history of fever, hypersomnia, nocturnal myoclonus and
episodes of sudden uncontrollable and inappropriate laughing. Several
days before the onset of her symptoms she had developed temporary
upper respiratory system infection symptoms. She denied paranoid or
suicidal thoughts but described visual hallucinations. She was born
to non-consanguineous parents with normal vaginal delivery and
showed normal childhood development. Her school performance was
described as normal by her parents. A pediatric psychiatrist, who had
evaluated the patient 4 months ago due to increased day-time sleepiness
reported normal psychiatric, cognitive and neurological status. Her time,
space, person orientation and neurological examinations were normal.
Neuropsychological and psychiatric evaluation revealed euphoria, mild
irritability, impaired short-term memory and normal abstraction.

While cranial MRI and whole-body computed tomography (CT) with

contrast enhancement (for screening of a putative underlying tumor)
were normal, cerebrospinal fluid (CSF) analysis showed elevated protein

Table 2. Linguistic assessment of the patient

concentration (124 mg/dL; normal <45 mg/dL) and lymphocyte count
(57/mm3). Total blood count and blood chemistry were normal. Thyroid
autoantibodies, antibody panel for rheumatologic diseases, several
blood/CSF culture studies and antibody panel for viral encephalitis
were unrevealing. Electroencephalogram (EEG) showed diffuse slow
waves with no epileptic discharges. A panel for anti-neuronal antibodies
demonstrated low levels of glutamic acid decarboxylase (GAD)
antibodies in the serum (20 1U/mL; normal <10 IU/mL) but not in the CSF.
Serum/CSF antibodies to NMDAR, alpha-amino-3-hidroxy-5-methyl-
4-isoxazolepropionic acid receptor (AMPAR), gamma-aminobutyric
acid B receptor (GABA,R), leucine-rich, glioma inactivated 1 (LGI,) and
contactin-associated protein-like 2 (CASPR2) were negative (all done
with a cell based assay kit, Euroimmun, Luebeck, Germany).

Following treatment with pulse methylprednisolone (1 g/day “ 5 days) and
intravenous immunoglobulin (2 g/kg), behavioral symptoms promptly
regressed. In less than four weeks, all neurological and behavioral
symptoms vanished, CSF analysis showed no cells and normal protein
concentration, EEG examination was normal and cranial MRI did not
show atrophy or lesions. GAD antibody was negative in serum and CSF.
She was discharged without any immunosuppressive treatment due to
absence of symptoms and pathological laboratory findings (mRS=0).
Although none of her admission symptoms appeared again during
18-month of follow-up, her parents reported significant worsening of
school performance and deterioration in reading, writing and arithmetic
skills. She had demonstrated more than 1 standard deviation of reduction

TOLDP-4.T Index Scores Comment
Listening
(Picture Vocabulary, Syntactic Understanding) 84/82 BA/BA
Organizing
(Relational Vocabulary, Sentence Imitation) 67/71 VP/P
Speaking
(Oral Vocabulary, Morphological Completion) 79/81 P/BA
Grammar
(Syntactic Understanding, Sentence Imitation, Morphological Completion) 82/83 BA/BA
Semantics
(Picture Vocabulary, Relational Vocabulary, Oral Vocabulary) 63/65 VP/VP
Over all language ability 68/71 VP/P

Correct score for a whole word Correct score for only the consonants
TNRT (total score: 16) (total score: 72)

14/15 71/72

BA: Below Average; P: Poor; TNRT: Turkish Non-word Repetition Test; TOLDP-4:T: Test of Language Development Primary - Fourth Edition: Turkish Version; VP: Very Poor.

All results are denoted in the form of 10th month of follow-up / 18th month of follow-up.
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in marks after hospital discharge, which was compatible with school
failure (11). Moreover, psychiatric evaluation revealed major depressive
disorder that required anti-depressant treatment.

Assessment of intelligence done with Wechsler Intelligence Scale for
Children Fourth Edition on the 10th and 18" month of follow-up showed
significantly low scores at mental retardation level. A detailed linguistic
assessment done at the same time by Turkish Non-Word Repetition Test
(12) and Test of Language Development-Primary: Fourth Edition Turkish
Version (13) showed significant impairment in all domains but especially
in semantics and organizing skills (Table 1 and 2).

Non-word repetition test, which includes repetition of meaningless words
and does not require semantics skills, was not affected suggesting relative
preservation of linguistic processes of encoding, storage and production
governed by phonological working memory. Linguistic and intelligence
tests also did not show any progressive deterioration in mental capacity
during the follow-up period.

DISCUSSION

In the pediatric population, AE may present with atypical findings that
do not strictly fulfill the relevant criteria constructed for adult patients
(14). Likewise, our case presented predominantly with behavioral and
cognitive/linguistic symptoms in the absence of cardinal AE manifestations
of seizures, psychosis, movement disorders and hippocampal lesions.
Nevertheless, several frequently observed and highly characteristic AE
findings including short-term memory loss, hallucinations, inflammatory
CSF features, slow waves on EEG and fever at onset were present in our
case. More importantly, these findings were promptly reversed following
immunotherapy.

School failure, depression and abnormal linguistic assessment results
were the permanent adverse consequences of the acute encephalopathy
episode. The patient was concluded to have developed mental
deterioration after the encephalopathy episode on the basis of significant
reduction in school marks and low Wechsler Intelligence Scale for
Children (WISC) scores. WISC scores have been closely associated with
academic achievement and low WISC scores have been related with
poor language comprehension, reading, writing and arithmetic skills (15).
Since patient’s parents report normal school performance before hospital
admission, it is safe to assume that the patient had a higher intelligence
score before the encephalopathy episode. Maintenance immunotherapy
was not considered in our patient, since it is generally recommended for
pediatric AE patients with a severe or relapsing clinical course, treatment
resistance or prolonged hospitalization (16). More importantly, there is
little experience and evidence for maintenance therapy in pediatric and/
or antibody-negative AE patients. Maintenance immune suppression
could have been considered if detailed cognitive and linguistic tests had
been performed during or shortly after the acute encephalopathy episode
and perhaps prevented the development of cognitive dysfunction. Thus,
our case emphasizes the significance of linguistic tests in treatment
decision paradigm of pediatric AE.

There are several reported GAD-antibody positive pediatric limbic
encephalitis cases with permanent residual mental problems in the
literature (7,8). However, in contrast with our case, these patients have
often displayed severe somatic neurological findings, epileptic seizures,
MRI lesions and higher GAD-antibody levels (>1000 1U/mL) (8). Low titer
seropositivity for GAD-antibody in the absence of CSF GAD antibodies
should be interpreted cautiously, since this combination may be found in
asmall percentage of healthy individuals and non-autoimmune disorders
(17). Thus, only serum GAD antibodies at high titers are genuinely
associated with autoimmune neurological disorders, especially if coupled
with CSF GAD antibody positivity (14,17). Therefore, in all likelihood, our
case may be considered as an antibody negative AE.
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Febrile infection-related epilepsy syndrome (FIRES) starts with fever
and low titer serum anti-neuronal antibodies are found in epileptic
encephalopathies (18,19). However, these disorders were disregarded
due to absence of evident and permanent proof of clinical and
electrophysiological epilepsy, monophasic nature of the clinical
presentation and lack of progressive neurological disability. Particularly
in the absence of any other identifiable metabolic or infectious etiology,
AE was considered as the most likely diagnostic option.

Our case emphasizes the fact that AE may cause irreversible neuronal
damage and permanent cognitive dysfunction even in patients with
normal MRI/neurological examination findings and treatment-
responsive, relatively mild disease course (7). Thus, normalization of
mRS or similar disability scores in AE following immunotherapy should
not necessarily suggest amelioration of cognitive, social, behavioral
and neurodevelopmental complications that may particularly occur
in pediatric patients. Although, non-effective immunotherapy, coma
and intensive care unit admission are variables associated with poor
prognosis in AE (6), our patient exhibited permanent cognitive/linguistic
dysfunction in the lack of any well-known risk factors, indicating the
vulnerability of language-related brain regions.

Importantly, other previously reported AE cases with linguistic
dysfunction have exhibited clinical features that may have interfered with
the functioning of language networks such as seizures, attention deficit,
diffuse slow waves on EEG, extensive brain lesions and brain atrophy (6-
8). Presence of profound language impairment in the absence of any of
these factors indicates that biological factors (i.e. glial activity, plasma cell
infiltration and antibody deposition) targeting language-specific brain
regions are sufficient to generate linguistic dysfunction (20).

The neuropsychological tests showed significant impairment in all
cognitive domains with particularly enhanced deterioration of semantics.
Successful completion of the non-word repetition test, which requires an
intact working memory, suggested that impairment of language functions
cannot be solely explained by deterioration of attention and short-term
memory. According to the dual stream model of language processing,
semantics is regulated through bilateral posterior-medial temporal
gyrus and posterior-inferior temporal gyrus regions, whereas auditory-
motor transformation, repetition of words, verbal working memory and
auditory attention are modulated through left temporal plane and left
posterior frontal lobe (21). Results of the linguistic assessment suggests
that the former semantics network (posterior temporal gyrus) was more
preferentially affected in our patient.

Overall, our observations imply that language impairment is frequent
in AE, may be long-lasting and may interfere with school performance.
Occurrence and persistence of language dysfunction in the absence of other
somatic, cognitive and radiological findings of neurological involvement
may conceal its hazardous impact. Thus, routine screening and treatment
of language dysfunction is recommended in pediatric AE cases.
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