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abstract

We describe two boys whose distinct and remarkable clinical pictures suggested the possibility of anti-N-
methyl-D-aspartate receptor antibody encephalitis. Both patients responded to immunotherapy, but
neither manifested that antibody. Patient 1 exhibited florid encephalopathy with psychotic manifesta-
tions including inappropriate affect, intermittent delirium, visual hallucinations, severe anorexia,
agitation, paranoid ideation, and abnormal electroencephalogram results. He responded to intravenous
immunoglobulin, with steady improvement over 3 months to almost complete remission for 1 year,
followed by a relapse that again responded, more quickly, to intravenous immunoglobulin. A second
relapse occurred 1 month later, and again responded to intravenous immunoglobulin. Patient 2 exhibited
progressive, severely debilitating limb dystonia that worsened over 1.5 years, with milder psychiatric
symptoms including mood instability, aggressiveness, impulsivity, and depression. When he developed
thymic hyperplasia 1.5 years into his illness, he underwent a thymectomy, and improved significantly on
a regimen of plasmapheresis and intravenous immunoglobulin. Patients presenting with symptoms
suggestive of autoimmune encephalitis, but without antibodies, may still respond to immunotherapy.

� 2011 Elsevier Inc. All rights reserved.

Introduction

Anti-N-methyl-D-aspartate receptor encephalitis is character-
ized by clinical features of memory impairment, behavioral and
emotional problems, hypoventilation, epileptic seizures, and
dyskinesia. About 30-50% of children with anti-N-methyl-D-
aspartate receptor encephalitis exhibit associated neoplasms
[1-3]. Other autoantibodies reportedly associated with para-
neoplastic encephalitis include anti-crossveinless-2/collapsing
response mediated protein 5, anti-Hu, anti-Ri, anti-Ma2, and
anti-Yo antibodies. So far, to the best of our knowledge, only anti-
Hu antibodies have been reported in children [4-7]. In addition,
autoimmune encephalitides, associated with nonviral infections
such as mycoplasma pneumonia and streptococcal infections,
were also reported [8,9]. We describe two distinct cases, each
with a remarkable clinical presentation suggestive of, although
not identical to, anti-N-methyl-D-aspartate receptor encephalitis.

Neither patient manifested the antibody, although both respon-
ded to immunotherapy.

Case Reports

Patient 1

Clinical features
Patient 1 presented at age 13.5 years with a 3-day history of inappropriate affect,

slowness of thinking and processing, confusion, impaired memory, intermittent
delirium and agitation, visual hallucinations, anorexia, and paranoid ideation. His
previous development was normal, and his immunizations were up to date. One
week before presentation, he had complained of an upper respiratory infection. His
history also included generalized anxiety disorder and social phobia, controlled with
fluoxetine 1 year earlier. On examination, he was not oriented in regard to time, but
was oriented in regard to place and person. He was withdrawn and lethargic but
intermittently agitated, responded reluctantly to questions, expressed paranoid
ideations, manifested slowness of thinking and constructional apraxia, and often
appeared confused. He exhibited nystagmus on lateral gaze and difficulty in
executing finger-to-nose-to-finger maneuvers and similar movements because of
his apraxia. Other cerebellar, sensory, motor, and gait examinations produced
normal results. He subsequently underwent an extensiveworkup, as detailed below.
In the hospital, his condition worsened, he became completely withdrawn, and he
would not read, write, or follow commands. He manifested frequent episodes of
agitation, severe paranoia, marked anorexia, and recurrent facial tics. Magnetic
resonance imaging of brain revealed increasedmeningeal enhancement over the left
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parietal cortex and posterior cerebellar fossa. Electroencephalography during his
hospitalization revealed 3-10 second episodes of predominantly right hemispheric
spike/slow wave activity, maximal in the right centroparietal and midtemporal
regions, and occurring every 10-30 seconds. These bursts were occasionally gener-
alized with right-sided predominance, and at times they were left-sided (Fig 1). He
received sequential therapeutic doses of haloperidol and aripiprazole with minimal,
if any, significant response. Therefore, these medications were discontinued, and he
was maintained on carbamazepine, which appeared to result in a limited response.
He received no benefit from pulse steroid therapy (24 mg/kg/day of intravenous
methylprednisolone for 3 days, as of day 6 of admission). However, after intravenous
immunoglobulin therapy (2 g/kg/day of intravenous immunoglobulin for 5 days, as
of day 7 of admission), he began to improve. His hallucinations and paranoid
ideations subsided over the next 2 weeks. During the same period, his apraxia
improved and he was able to respond to commands and answer questions. He
continued to receive intravenous immunoglobulin 0.5 g/kg once every 2 weeks for 6
weeks. He was discharged to a rehabilitation hospital after 60 days of hospitaliza-
tion. He stayed in the rehabilitation hospital for 1 month, and received cognitive
rehabilitation, psychotherapy, and occupational, physical, and speech therapies. A
follow-up visit 1 month after discharge revealed a conscious, oriented, and coop-
erative boy who was not in distress, with normal mental status. A neurologic
investigation, including cerebellar signs, reflexes, and motor, sensory, and gait
examinations, produced normal results. He continued to exhibit steady improve-
ment, and was described as 80-85% back to normal by his family at that stage. He
subsequently completed the academic year catching up for missed schooling with
the help of a tutor, and after summer vacation resumed his regular classes, in which
he excelled aside from a need for methylphenidate because of difficulty with
attention. The carbamazepine was discontinued for the next several months. At 6-12
months after discharge, his family considered his cognitive and social abilities to be
95% restored.

One year after his initial hospitalization (at age 15 years), he presented with a 5
day history of insomnia, confusion, anxiety, irritability, fearfulness, intermittent
crying spells, and very frequent facial tics, with eye blinking and nose flicking. No
history of hallucinations or delusions was reported. On examination, he was sleepy
and slightly confused, but responded to simple commands. A neurologic exami-
nation produced otherwise normal results. An electroencephalogram produced
normal results. He was rehospitalized and received 1 g/kg/day of intravenous

immunoglobulin for 2 days, which improved his mental status. He continued to
exhibit residual agitation, paranoid ideations, and temper tantrums with confusion
while receiving intravenous immunoglobulin 1 g/kg every 2 weeks. Therefore, the
dose was increased after 2 months to 1 g/kg every week, which resulted in
a complete resolution of his symptoms, except for some impulsiveness and occa-
sional irritability. He began receiving mycophenolate 3 months later. One month
afterward, an attempt to space the intravenous immunoglobulin at 1 g/kg every 2
weeks resulted in a relapse, involving agitation, confusion, paranoia, anxiety,
tearfulness, and irritability 10 days after the last dose of intravenous immuno-
globulin. He was again hospitalized. He received two doses of methyl prednisolone
(500 mg) 12 hours apart, which worsened his symptoms. He also developed
transient third nerve palsy during this episode. The weekly intravenous immu-
noglobulin dosing regimenwas resumed, and was followed by a gradual resolution
of his symptoms during the next 2 months.

Laboratory testing
Anti-N-methyl-D-aspartate receptor antibody, anti-neuronal antibody types 1, 2,

and 3, anti-glial nuclear antibody type 1, Purkinje cell cytoplasmic antibodies 1 and
2, amphiphysin antibody, and anti-collapsing response mediated protein-5
produced negative results in serum and cerebrospinal fluid during both episodes.
In addition, serum striational antibody, anti-voltage gated potassium channel anti-
body, anti-voltage gated calcium channel antibody P/Q type and N type, acetyl
choline receptor binding antibody, acetyl choline receptor ganglionic neuronal
antibody S, anti-microsomal thyroid antibody, anti-thyroglobulin thyroid antibody,
and cerebrospinal fluid for oligoclonal bands produced negative results during both
episodes. Testing for serum mycoplasma pneumonia antibodies during the first
episode revealed borderline reactive immunoglobulin Mmycoplasma antibodies (at
1.31; expected, �0.90) that were nondiagnostic, and elevated anti-streptolysin O
titers (initially, 516 IU/mL; 3 days later, 528 IU/mL; 1month later, 369 and 346 IU/mL,
2 days apart; reference range, <100 IU/mL). During his second hospitalization,
mycoplasma immunofluorescence antibody testing produced negative results, and
his anti-streptolysin titer was 147 IU/mL. In addition, several blood and serum
investigations produced normal or negative results during both episodes, i.e.,
a complete blood count, a differential count, sedimentation rate, thyroid function
tests, levels of folate, copper, zinc, creatine kinase, aldolase, and vitamins B6, B12, E,
and D, cultures for viruses, anti-nuclear antibody, anti-Smith antibody, anti-Ro

Figure 1. Electroencephalogram of patient 1 during his initial episode demonstrates runs of spike/slow waves in the right hemisphere lasting 9 seconds, followed by a similar
shorter episode in the left hemisphere, both with left posterior predominance.
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antibody, anti-cardiolipin antibody, and anti-La antibody. Throat cultures for group
A b-hemolytic streptococci produced negative results during both episodes. Cere-
brospinal fluid cell counts and protein, neurotransmitter, and amino acid investi-
gations produced normal results. The cerebrospinal fluid also produced negative
results for Epstein-Barr, herpes simplex, human herpes-6, adenovirus, and arbo-
virus. Imaging studies, includingmagnetic resonance imaging of the chest, abdomen
and pelvis, did not reveal any tumors.

Patient 2

Clinical features
An 8-year-old boy, born preterm, presented at age 6 years with a 2-month

history of progressive slurring of speech, stuttering with frequent daily episodes of
extension posturing of the right upper extremity, and twisting of the right leg,
causing multiple trips and falls. These posturing episodes tended to last several
minutes. In addition, he also exhibited sudden, jerky movements of the head and
right arm that had begun 2 weeks before presentation. His previous medical history
indicated normal growth and development, except for ectopic atrial tachycardia,
treated by ablation therapy at age 5 years. No family history of any neurologic or
movement disorder was reported. Our examination revealed an awake, alert, well
oriented boy in no acute distress. A neurologic examination revealed dysarthric
speech, dystonic posturing of the right upper and lower extremities (lower more
than upper), and abnormal gait secondary to dystonia. An extensive workup for
dystonia, including rheumatologic, infectious disease, genetic, and other etiologies,
was unrevealing. Cranial magnetic resonance imaging produced normal results. He
was treated with therapeutic doses of clonazepam, and risperidone and received
physical, speech, and occupational therapies, with no significant benefit. He then
received oral prednisolone (0.8 mg/kg/day) for 5 days, which resulted in a moderate
improvement of his symptoms. He was discharged on that dose of steroids, with
gradual withdrawal and discontinuation during the next 5 weeks. However, in the
next 3 months his symptoms fluctuated, involving two exacerbations (each lasting
for 2 weeks), without a complete return to baseline between them. He manifested
a drop in his ability to concentrate and perform in school and an increase in his
dystonia, and he became refractory to subsequent courses of steroids. The two acute
exacerbations involved rehospitalizations and included severe dysarthria and total
right hemibody dystonia. During both admissions, he was treated with intravenous
immunoglobulin (2 g/kg/day for 5 days), after which he demonstrated moderate
improvements in his symptoms.

Follow-up at 5 months after the initial episode revealed a worsening of his right
hemibody dystonia with progression to his left side, severe dysarthria, frequent and
superimposed myoclonic jerking of his head and arms, and orofacial dyskinesia. At
that time he was receiving clonazepam (0.045 mg/kg/day), baclofen (1.25 mg/kg/
day), gabapentin (18 mg/kg/day), and sertraline (0.3 mg/kg/day). His dystonia had
become essentially continuous and prevented him from walking, with super-
imposed, very painful dystonic spasms lasting minutes or even hours at a time. He
also developed changes in mental status, including mood instability, impulsivity,
intermittent aggressiveness, memory problems, reading difficulties, and episodes of
extremewithdrawal. A neurologic examination revealed severe dysarthria, constant
writhingmovements of the tongue and face, hypertonia in the right upper and lower
extremities, dystonic posturing of both lower extremities, and adventitious chore-
iform movements. Testing for neurologic paraneoplastic autoantibodies produced
negative results. Surveillance for associated tumors revealed an enlarged thymus
(Fig 2), which was not present on previous chest radiographs. The thymus was
resected, and a pathologic examination demonstrated benign thymic hyperplasia,
which was also confirmed by immunophenotyping. Subsequently he received
plasmapheresis (three times a week for 3 weeks, followed by twice a week for
another 3 weeks, and then once a week for 3 weeks, and then discontinued) and
intravenous immunoglobulin (2 g/kg/day once aweek for 4 weeks, followed by once
every month), which he continued to receive for 1 year.

Follow-up at age 8 years (1 year later) indicated significant improvement. He
still exhibited residual dystonia, but without the previous superimposed severe
dystonic spasms. He could sit with support, and pull himself up to sit. He also
demonstrated better control of his right hand andwas able to color andwrite with it,
with some difficulty. He was able to move both lower extremities, and could stand
while holding on to things. He was beginning attempts to walk with a walker. His
speech had also improved, and he was able to use full sentences and read at a third
grade level.

Laboratory testing
Anti-N-methyl-D-aspartate receptor antibody, anti-neuronal antibody types 1, 2,

and 3, anti-glial nuclear antibody type 1, Purkinje cell cytoplasmic antibodies 1 and
2, amphiphysin antibody, and anti-collapsing responsemediated protein 5 produced
negative results in serum and cerebrospinal fluid. In addition, serum striational
antibody, anti-voltage gated potassium channel antibody, anti-voltage gated
calcium channel antibody P/Q type and N type, acetyl choline receptor binding
antibody, acetyl choline receptor ganglionic neuronal antibody S, anti-nuclear
antibody, anti-cardiolipin antibody, anti-microsomal thyroid antibody, anti-
thyroglobulin thyroid antibody, and lupus anticoagulant produced negative
results. Serum mycoplasma immunoglobulin G and immunoglobulin M antibodies

produced negative results. Repeated testing for these antibodies 1 year later also
produced negative results. Testing for cerebrospinal fluid oligoclonal bands
produced positive results. Throughout the course of his illness, the patient under-
went extensive workups that all produced normal results, including complete blood
counts, thyroid function tests, levels of creatine kinase, aldolase, copper, cerulo-
plasmin, and vitamins D, E, and B12, acyl carnitine profiles, levels of glutamic acid
decarboxylase, cerebrospinal fluid examinations for cells, protein, amino acids, and
neurotransmitters, magnetic resonance imaging of the brain and spine, electroen-
cephalograms, muscle biopsies, gene testing for Niemann-Pick disease type C,
ataxia, Huntington disease, myoclonus-dystonia syndrome, familial early-onset
generalized dystonia, limb-onset focal dystonia, Lafora body disease, infantile neu-
roaxonal dystrophy, and Pelizaeus-Merzbacher disease, and enzyme assays for
GM1-gangliosidosis, b-mannosidosis, fucosidosis, Tay-Sachs disease, metachromatic
leukodystrophy, Krabbe disease, neuronal ceroid-lipofuscinosis, and mitochondrial
diseases.

Discussion

Anti-N-methyl-D-aspartate receptor encephalitis was first re-
ported in 2007 [10]. Numerous cases have been reported since
[1,2,11]. However, before the identification of these antibodies,
patients presenting with clinical symptoms similar to those of
anti-N-methyl-D-aspartate receptor encephalitis were often diag-
nosed with encephalitis of unknown origin after the exclusion of
infectious, autoimmune, or other causes. We think the earliest
case with such a clinical picture was reported in 1985 [12]. That
patient, with a florid presentation of protracted encephalopathy
and psychotic and vegetative symptoms, was similar to our
patient 1. Since the original report of anti-N-methyl-D-aspartate
receptor antibody syndrome in 2007, to our knowledge, no cases
were described with a clinical presentation suggestive of that
syndrome with negative antibodies. Here, we report on two such
patients.

Our patient 1 bears several similarities to those with anti-N-
methyl-D-aspartate receptor encephalitis. These similarities include
the presence of encephalopathy, abnormal electroencephalogram
results, and psychiatric symptoms. As was the case for patient 1,
about 75% of patients with anti-N-methyl-D-aspartate receptor
encephalitis present with prodromal symptoms and then prom-
inent psychiatric manifestations (Table 1) [1]. However, patient 1
differed from anti-N-methyl-D-aspartate receptor encephalitis in
that he did not manifest seizures, dystonia, choreoathetosis
(although he did have recurrent tics), cerebrospinal fluid lympho-
cytic pleocytosis, or associated neoplasms, which occur in about

Figure 2. Magnetic resonance imaging of the chest in patient 2 reveals an enlarged
thymus.
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60% of patients with anti-N-methyl-D-aspartate receptor encepha-
litis. Our patient 2 also exhibited several similarities to patients
with anti-N-methyl-D-aspartate receptor encephalitis. These simi-
larities included orofacial dyskinesia, choreoathetoid movements,
dystonia, and psychiatric symptoms [1]. He differed in that he did
not manifest seizures, more marked encephalopathic changes, or
an associated malignancy.

The mycoplasma immunoglobulin M antibody that was
“possibly reactive” during the first episode in patient 1 raised the
possibility of post-mycoplasma encephalitis. However, the absence
of clinical manifestations, such as signs of meningeal irritability,
convulsions, and ataxia [8], the lack of specificity in his verymodest
increase in immunoglobulin M titers, and the lack of increases of
those titers during recurrences rendered the possibility of post-
mycoplasma encephalitis much less likely. Patient 2 also pre-
sented no evidence of mycoplasma infection.

The presence of an elevated anti-streptolysin O titer in patient 1
also raised the possibility of pediatric autoimmune neuropsychi-
atric disorders associated with streptococcal infection. This entity
reportedly involves a group of children with a rapid onset of
obsessive-compulsive disorder or tic disorders after group A b-
hemolytic streptococcal infections, and its existence is still
controversial. However, patient 1 did not fit the criteria for these
disorders [9], because the results of his throat cultures were
negative, and he did not manifest increases in anti-streptolysin O
titer during exacerbations of his symptoms or obsessive-
compulsive disorder. The clinical evidence was also insufficient to
support a diagnosis of Tourette syndrome or Sydenham’s chorea,
although they were included in his differential diagnosis. Similarly,
patient 2 did not fit the criteria for pediatric autoimmune neuro-
psychiatric disorders associated with streptococcal infection. Some
of the clinical manifestations observed in patient 2, such as limb
dystonia, choreoathetosis, and dysarthria, were reported in patients
with encephalitis associated with anti-neuronal antibody type 1
(anti-Hu), anti-neuronal antibody type 2 (anti-Ri), and anti-
Purkinje cell antibody (anti-Yo) [4]. However, he did not manifest
these antibodies and an associated malignancy. These autoanti-
bodies are almost always (in >96% of cases) paraneoplastic [4].

In addition, a history of generalized anxiety disorder and social
phobia in patient 1 raised the possibility of an acute exacerbation of
these preexisting conditions. However, his clinical presentation,
neurologic examinations, abnormal electroencephalogram find-
ings, and response to intravenous immunoglobulin during his
initial presentation as well as during exacerbations favored an
immune-mediated process rather than the acute exacerbation of
a preexisting problem. This idea was also supported by the occur-
rence of transient third nerve palsy for several days during one of
his subsequent relapses. Furthermore, we could not entirely
exclude the possibility that the clinical improvement of patient 1
during his initial episode was attributable to a slightly delayed
effect of steroid, together with an effect of intravenous immuno-
globulin, because the intravenous immunoglobulin was initiated
immediately after the discontinuation of steroids. However, the
patient’s subsequent worsening on steroids during his second
relapse and his repeated, although incomplete, response to
immunoglobulin support the likelihood of a response to intrave-
nous immunoglobulin rather than a response to combined immu-
noglobulin and steroids.

In conclusion, we describe two boys, both of whom demon-
strated a clinical course with features that suggested anti-N-
methyl-D-aspartate receptor encephalitis. However, neither patient
manifested detectable anti-N-methyl-D-aspartate receptor anti-
bodies in serum and cerebrospinal fluid. Immunotherapy helped
both of them significantly. Their responses to intravenous immu-
noglobulin (both patients) and plasmapheresis (patient 2) suggest
an antibody-mediated pathophysiology. Our experience indicates
that patients who present with clinical features suggestive of
autoimmune encephalitis may still respond to immunotherapy,
even in the absence of demonstrable antibodies in serum or cere-
brospinal fluid. Further research may identify other antibodies or
soluble substances underlying the florid clinical symptomatology of
such cases.

Table 1. Clinical features of our two patients, compared with those of anti-N-methyl-D-aspartate receptor encephalitis and other autoimmune paraneoplastic
encephalopathies

Clinical Features Reported in Adults and Children Reported in Adults Only Our Patients (Both Children)

Anti-NMDA* Anti-Hu Anti-CV 2/
CRMP 5

Anti-CRMP 3-4 Anti-Yo Anti-Ri Patient 1 Patient 2

Prodromal symptoms þ (48%) � � � � � þ �
Psychiatric symptoms þ (59%) � � þ � � þ þ
Dystonia þ (29%) � � � þ � � þ
Orofacial dyskinesia þ (45%) � � � � � � þ
Choreoathetoid movements þ (32%) þ þ � � þ þ �
Seizures þ (77%) � � � � þ � �
Cerebellar ataxia � þ þ � þ þ � �
Retinopathy/optic neuritis � � þ � � � � �
Peripheral neuropathy � � þ � � þ � �
Sensory symptoms � þ � � � � � �
Olfactory disturbance � � þ � � � � �
Cardiac arrhythmias þ (57%) � � � � � � þ
Abnormal cerebrospinal fluid þ (94%)y þ þ þ þ þ � þ
Associated neoplasmz 25-55% (Ovarian

teratoma)
98% (SCLC) 96% (SCLC) Thymomax 98% (breast,

ovary)
97% (breast,
SCLC)

� �

Abbreviations:
NMDA ¼ N-methyl-D-aspartate
SCLC ¼ Small cell lung cancer

* Percentages within parentheses pertain to incidence in children (�18 years old) [3].
y Abnormal cerebrospinal fluid findings include lymphocytic pleocytosis, increased protein, and oligoclonal bands (evident in patient 2).
z Neoplasms mentioned in parentheses are commonly associated neoplasms with the respective disease.
x Only one case has been reported so far, to the best of our knowledge.
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