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eAppendix. Case Descriptions for 2 Patients With IgG Class Antibodies Directed Against NR1a. 

Case 1 

A 27-year-old woman was admitted to Magdeburg University’s Department of Psychiatry in 2010 because of 

personality changes, deficits in memory and cognition, language disintegration and disorientation. After a few 

days, the patient developed affective lability, anxiety, agitation and paranoia. Subsequently, unresponsive 

catatonia-like symptoms, abnormal movements (orofacial-limb dyskinesias, choreoathetoid movements, 

opisthotonos, myoclonus and episodes of dystonic postures of the extremities), autonomic instability with 

temporary tachycardia, hyperthermia up to 39.3°C and hypertonia (160/100 mmHg) occurred. Catatonic SCZ 

was suspected. At this stage, brain MRI with T2-weighted and FLAIR images was unremarkable. The EEG 

showed diffuse continuous activity in the theta range and intermittent bilateral delta activity. Therefore, lumbar 

puncture was performed which revealed lymphocytic pleocytosis (21 cells/µl), an elevated IgG index (0.8), and 

oligoclonal bands. Virologic and bacteriologic tests were negative; however, finally the diagnosis of anti-

NMDA-R encephalitis was established due to the presence of specific IgG autoantibodies against the NR1a 

subunit of NMDA-R in the serum (titer 1:1000) and CSF (titer 1:320). Lorazepam, quetiapine and valproate 

were used for symptomatic medication. The autoimmune process was treated with intravenous 

immunoglobulins (0.4 g/kg/day for 5 days), followed by plasma exchange and rituximab (375 mg/m2 weekly 

for 4 weeks) combined with cyclophosphamide (750 mg/m2 given with the first dose of rituximab) because of 

non-response, as suggested in previous reports.15 A left oophorectomy was performed due to suspicion of 

ovarian teratoma, but the histopathological analysis was unremarkable. Symptoms improved after 6-12 weeks 

of treatment, accompanied by a decline of autoantibody titers in the serum and CSF. Meanwhile, after 

rehabilitation, the patient has only mild language problems and deficits in learning and cognition. 

Notably, this patient was already hospitalized in 2008 because of personality changes, bizarre and 

disorganized behavior, deficits in memory and cognition, formal thought disorder, and flat and inappropriate 

affect. Due to an unremarkable EEG, cerebral magnetic resonance imaging (MRI), normal routine laboratory 

tests and a negative screening for illegal drugs, disorganized SCZ had been diagnosed and serum was collected 

for our scientific blood bank. The patient recovered within several weeks after treatment with lorazepam and 

aripiprazole. However, the systematic study of stored serum from the blood bank showed that specific IgG 

autoantibodies against the NR1a subunit of NMDA-R were already present in 2008 (serum titer during acute 

illness 1:1000, declining after 6 weeks to 1:320; see eTable). 
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Case 2 

A previously healthy 18-year-old woman presented in 2007. She became increasingly irritable and confused, 

developed paranoia and auditory hallucinations over a period of 2 months. This was followed by a rapid 

disintegration of language, from reduction of verbal output, echolalia and perseverations to frank mutism and 

decreased responsiveness. At this stage, she was admitted to Magdeburg University’s Department of 

Psychiatry. The clinical picture was dominated by motor immobility as evidenced by catalepsy (including waxy 

flexibility) and stupor, alternating with phases of excessive motor activity and stereotyped movements. Oro-

lingual-facial dyskinesias (grimacing), limb and trunk choreoathetosis, and opisthotonic postures were 

observed. Other typical symptoms of catatonia, such as negativism, withdrawal and echopraxia, were also 

present. Repeated EEGs showed an irregular alpha-EEG and intermittent diffuse continuous activity in the theta 

range without epileptiform discharges. The CSF revealed 3 white blood cells/µl, an IgG-index of 0.8, and 

positive oligoclonal bands, but the normal MRI did not indicate the presence of multiple sclerosis, or other 

inflammatory processes in the brain. Further blood analyses did not indicate vasculitis, systemic lupus 

erythematosus or other collagenoses. Therefore, the CSF finding was considered as non-specific. Suspecting 

catatonic SCZ, serum was collected for our scientific blood bank and intravenous treatment with lorazepam (8 

to 16 mg daily) was initiated, which led to a transient improvement of symptoms. However, later on, vegetative 

instability developed, including hyperthermia, tachycardia and hypertension. The patient was then transferred to 

the intensive care unit, where she was intubated and sedated using fentanyl and propofol. Symptoms improved 

slowly after 7 unilateral and 7 bilateral electroconvulsive therapy (ECT) sessions and clozapine treatment. One 

year later, the patient experienced a relapse with prominent mutism, stupor and language problems and was 

successfully treated in another hospital by ECT. The patient experienced amnesia for both disease episodes, 

which was attributed to the ECT treatment. Neurocognitive recovery was incomplete, characterized by impaired 

concentration and executive functions. 

The systematic study of serum samples from our scientific blood bank revealed specific IgG autoantibodies 

against NR1a in the serum (titer 1:3200) and CSF (titer 1:320) from the first acute disease phase in 2007, while 

a CSF sample from a stable disease phase showed diminished antibody titers (1:32; see eTable). Thus, the 

initial diagnosis of catatonic SCZ has been changed to NMDA-R encephalitis. In this disorder, memory 

disturbances are a typical symptom which may in retrospect give an alternative explanation for the above 

described amnesia. We found no signs of ovarian teratoma in a follow-up examination by pelvic ultrasound and 

MRI. 
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eTable. Demographic data and diagnostic test results of NMDA-R seropositive cases. Annotations: serum antibody findings from acute disease phases (T0) are highlighted in faint blue, C - 
control subject, MD - major depression, SCZ - schizophrenia, f - female, m - male, MRI - magnetic resonance imaging, EEG - electroencephalography, CSF - cerebrospinal fluid, T0 - time point 
of acute illness (patients) / study inclusion (control subjects), *serum from two acute episodes was available in case 1,  cases 1 and 2 with an initial SCZ diagnosis were reclassified post-hoc as 
NMDA-R encephalitis due to the detection of specific serum and CSF IgG NR1a antibodies in our study, #antibodies against NR1a/NR2b were not reactive against NR1a alone. 

Serum antibody titer CSF antibody titer Case 
number 

Diagnosis 
Illness 

duration 
Age / Sex MRI (at T0) EEG (at T0) 

Date of sample 
collection IgA IgG IgM 

Epitope 
IgA IgG IgM 

19.03.2008 100 1000 neg NR1a      disorganized SCZ  
NMDA-R encephalitis 

first episode 25 / f Normal Irregular alpha-EEG 
30.04.2008 neg 320 neg NR1a      
11.05.2010 100 1000 32 NR1a 10 320 32 
18.06.2010 neg 320 neg NR1a neg 32 neg 

1* 
catatonic SCZ  

NMDA-R encephalitis 
2 years 27 / f Normal 

Diffuse continuous theta activity, 
intermittent bilateral delta activity 

20.07.2010 32 100 neg NR1a 10 32 neg 
02.07.2007 neg 3200 neg NR1a neg 320 neg 

2 catatonic SCZ  
NMDA-R encephalitis 

first episode 18 / f Normal 
Irregular alpha-EEG, intermittent 

diffuse theta activity 27.01.2011 neg 1000 neg NR1a neg 32 neg 
31.03.2008 neg neg 10 NR1a      

3 paranoid SCZ first episode 24 / m Normal Irregular alpha-EEG 
19.05.2008 neg neg 32 NR1a       
02.10.2009 neg neg 100 NR1a      

4 paranoid SCZ first episode 35 / f Normal Alpha-EEG, 12/s 
30.08.2010 10 neg 100 NR1a       
05.10.2009 100 neg neg NR1a      

5 paranoid SCZ first episode 22 / m Normal Beta-EEG 
12.08.2010 100 neg neg NR1a       
05.05.2008 320 neg neg NR1a      

6 paranoid SCZ 3 years 44 / f 
Minor bifrontal 

atrophy 
Irregular alpha-EEG, intermittent 

diffuse theta activity 16.06.2008 1000 neg neg NR1a       
12.10.2009 320 neg neg NR1a       

7 paranoid SCZ 10 years 60 / f Normal Alpha-EEG, 10/s 
19.08.2010 320 neg neg NR1a       
09.07.2008 320 neg 32 NR1a      

8 paranoid SCZ 13 years 45 / m Normal Alpha-EEG, 10/s 
20.08.2008 1000 neg 100 NR1a       
27.07.2008 neg neg 100 NR1a      

9 paranoid SCZ 14 years 38 / m 
Minor bifrontal 

atrophy 
Alpha-EEG, 10/s 

29.10.2010 neg neg neg         
30.07.2008 neg 320 neg NR1a/NR2b#      
10.09.2008 neg 320 neg NR1a/NR2b#       10 paranoid SCZ 19 years 44 / m 

Few unspezifc T2 
white matter lesions 

Alpha-EEG, 8/s 
16.02.2011 neg 100 neg NR1a/NR2b# neg neg neg 
16.03.2010 100 neg neg NR1a       

11 paranoid SCZ 20 years 58 / m Normal Beta-EEG 
06.09.2010 100 neg neg NR1a       
29.01.2010 neg 100 neg NR1a/NR2b#       

12 paranoid SCZ 21 years 50 / m Normal Alpha-EEG, 10/s 
28.01.2011 neg 32 neg NR1a/NR2b# neg neg neg 
08.01.2009 32 neg neg NR1a/NR2b#   
19.02.2009 neg neg neg         
02.04.2009 10 neg neg NR1a/NR2b#       

13 MD first episode 54 / m 
Minor cortical and 
subcortical atrophy 

Alpha-EEG, 8/s 

05.06.2009 neg neg neg         
09.10.2009 320 neg neg NR1a       
19.11.2009 100 neg neg NR1a       

14 MD first episode 44 / m Normal Alpha-EEG, 9/s 

11.02.2010 100 neg neg NR1a       
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15.06.2010 32 neg neg NR1a       
26.02.2010 neg neg 100 NR1a   15 C – – 22 / m Normal Alpha-EEG, 10/s 
09.09.2010 neg neg 100 NR1a       

 

 


