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ABSTRACT
Objective There are now a large number of requests for
N-methyl-D-aspartate receptor autoantibody (NMDAR-Ab)
tests, and it is important to assess the clinical relevance of
all results, particularly when they are reported as ‘Low
Positive’.
Methods The clinical data of 56 patients found Positive
or Low Positive by the Oxford live cell-based assay were
reviewed. An autoimmune basis for the condition was
assigned as ‘Deﬁnite’, ‘Possible’ or ‘Unlikely’. The number
of core features (encephalopathy, psychiatric, cognitive,
epileptic, extrapyramidal and inﬂammatory cerebrospinal
ﬂuid (CSF)) was tabulated.
Results Twenty-ﬁve (44.6%) patients had a Deﬁnite
NMDAR-Ab encephalitis (eight ovarian teratomas, one
Hodgkin’s lymphoma), 18 (32.1%) a Possible NMDAR-Ab
encephalitis and 13 (23.2%) an Unlikely autoimmune
syndrome. Serum NMDAR-Ab levels were higher in
patients with tumours. Positive NMDAR-Abs were found
not only in patients with three or more core features and
a Deﬁnite syndrome, but also in ﬁve patients classiﬁed as
Possible. Conversely, Low Positive NMDAR-Abs were
present in 7 Deﬁnite cases as well as in 13 Possible cases.
Unlikely patients had mainly Low Positive antibodies and
fewer core features. CSF NMDAR-Abs, only available in
11 pairs and at varying time points, broadly related to
serum levels and were Positive in 3/3 patients with
tumours but in only 2/5 Deﬁnite patients, and none of the
Possible or Unlikely cases.
Interpretation Using live cell-based assays, Positive
and Low Positive antibodies can be of clinical
signiﬁcance. The number of core clinical features should
help to select those patients in whom an immunotherapy
intervention might be considered, irrespective of the
antibody level.
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N-methyl-D -aspartate
receptor
autoantibodies
(NMDAR-Abs), detected by binding to HEK293
cells expressing NMDAR, were ﬁrst described in
2007 in young women who had presented with an
encephalitis characterised by a psychiatric prodrome, seizures, rhythmic movement disorder, dysautonomia, coma and the presence of an ovarian
teratoma.1 With increased recognition, the phenotype has broadened to include men, children and
older individuals with subacute encephalopathies,
sometimes with restricted phenotypes and including many patients without tumours.2 3 The patients

respond to tumour removal, if relevant, and
immunotherapies including corticosteroids and
intravenous immunoglobulins or plasmapheresis.2
In many patients, second-line agents such as cyclophosphamide or rituximab may be necessary to
achieve best outcomes.3
Most NMDAR-Abs are directed towards the NR1
subunit.4 NMDAR-Abs are measured by cell-based
assays (CBA) that detect serum or cerebrospinal
ﬂuid (CSF) IgG binding to the NR1 subunit
expressed in HEK293 cells. These are ﬁxed and permeabilised before sample application in the laboratory of Professor Josep Dalmau,4 and the most
commonly employed commercial assay also uses
ﬁxed permeabilised cells. In contrast, the Oxford
laboratory uses unﬁxed live HEK293 cells expressing NMDAR NR1 and NR2B subunits (found previously to obtain better surface expression of NR12)
with the aim of detecting only antibodies that bind
to extracellular epitopes as these are the antibodies
that are likely to be pathogenic.5–7 The
NMDAR-Abs were originally demonstrated to be
100% speciﬁc for the syndrome as described2 4 but
have now also been reported in a proportion of
patients with partial phenotypes including idiopathic localisation-related epilepsy and ﬁrst episode
psychosis.2 8–11 Moreover, with increasing and
earlier serum referrals, there have been reports of
positive results in patients who are subsequently
given an alternative diagnosis. For instance, Low
Positive levels of NMDAR-Ab were reported in two
patients who were diagnosed later with prion
disease.12 While it is certainly possible that there is
an additional autoimmune mechanism in some
highly destructive neurological diseases, such low
levels of NMDAR-Abs may be epiphenomena. On
the other hand, the high levels of NMDAR-Abs
recently found in children with relapses after established herpes virus encephalitis, a few of whom have
shown immunotherapy responses,13 14 are likely to
be relevant, suggesting that even antibodies appearing following a neuronal damage can be pathogenic.
To assess afresh the clinical relevance of
NMDAR-Abs at different levels, we identiﬁed all
patients, from two UK centres, who were reported
Positive or Low Positive for NMDAR-Abs since
testing began in Oxford in 2008. We assessed the
clinical details and treatment responses, and established the likelihood that they had an autoimmune
immunotherapy-responsive disease.
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assays by the Oxford Neuroimmunology service since 2008.
Brieﬂy, live HEK293 cells are transfected with cDNAs of NR1
and NR2B subunits and incubated in human serum (1:20 initial
dilution) or CSF (1:1 initial dilution) before ﬁxation, followed
by Alexa-Fluor labelled antihuman IgG. Antibodies binding to
the cell surface of NMDAR-HEK293 cells are identiﬁed by
ﬂuorescence microscopy. A visual scoring system (0–4) is used as
previously2 and all results are conﬁrmed by a second independent observer; positive samples are then repeated in a separate
assay where they are also checked for speciﬁcity by lack of
binding to HEK293 cells expressing an alternative antigen. No
clinical data are available to the laboratory at the time. As with
other assays, scores of 0 are reported as negative and scores of
2–4 were reported as Positive. Scores of 1 were initially reported
as Low Positive, but after 2011 only scores of 1.5 were reported
as Low Positive.

METHODS
Patients and clinical data
A total of 1039 patients (714 from Addenbrooke’s Hospital,
Cambridge and 325 from the National Hospital for Neurology
and Neurosurgery, Queen Square, London) had ﬁrst sera
referred to Oxford for NMDAR and other antibodies during
2008–2012. The records of patients with initial Positive or Low
Positive NMDAR-Abs were reviewed retrospectively. The following variables were prospectively chosen as items of interest
prior to review: age at presentation, neurological features and
ﬁnal clinical diagnosis, time from symptom onset to antibody
testing in months, presence of tumour, CSF analysis, EEG and
MRI ﬁndings, response to symptomatic treatments or immunotherapies and length of follow-up (time of the antibody test to
the last documented clinical review). Some of the cases have
been reported previously as part of other series and case
reports2 15 16 (see Supplementary table 1). We excluded the 13
patients with NMDAR-Abs referred from psychiatric units in
Cambridge for a speciﬁc study of antibodies in psychosis
(J Deakin, M Zandi, B Lennox, A Vincent in preparation).
Whether or not a tumour search was undertaken is indicated in
the online supplementary table; the nature of the imaging
varied between patients, including ovarian ultrasound, CT
imaging and PET or a combination in some cases. Patients are
listed in table 1 as paraneoplastic irrespective of the tumour
type.

Autoimmune likelihood of patients’ disease
To review the clinical relevance, each neurologist who cared for
one or more of the patients (often one of the authors) was
asked to provide a diagnosis. In most cases this was a clinical
diagnosis, aided by the emerging reports of NMDAR encephalitis in the literature and discussions with one or more of the
authors during the patient management. The diagnosis and
treatment had been completed prior to this service review, but
the authors made judgements regarding cases in which the
NMDAR-Ab result came to light after a patient’s illness or
death, or if the patient was not seen by a neurologist.
Subsequently, the clinicians were asked to consider the response
to immunotherapies to help categorise the patients as Deﬁnite

Serology
NMDAR-Abs were measured by indirect cell surface immunocytochemistry of transfected cells2 as used for routine diagnostic

Table 1 Clinical features of the cases according to likelihood categories and NMDAR-Ab levels
Likelihood category

NMDAR-Ab
Total number
Age range (median)
F:M
CSF NMDAR-Ab positive any time
Psychiatric
Encephalopathy
Cognitive
Seizures
Extrapyramidal
CSF lymphocytosis or OCBs*
3 or more core clinical features (including abnormal CSF)
Investigations
MRI MTL
MRI WM
MRI atrophy
EEG epileptic
EEG slowing
Outcomes
Treated
Responded

Definite (n=25)

Possible (n=18)

Unlikely (n=13)

Definite
non-paraneoplastic

Definite paraneoplastic
Positive
N=9

Positive
N=9

Low Positive
N=7

Positive
N=5

Low Positive
N=13

Positive
N=2

Low Positive
N=11

17–48 (25)
8:1
3/3
6/8
8/8
8/8
7/8
6/8
5/7
8/8

16–41 (26)
7:2
1/1
8
9
9
7
7
8
9

18–68 (44)
3:4
1/4
3
6
7
4
5
4/6
7

22–80 (65)
3:2
0/1
3
5
5
2
2
4/4
5

22–71 (54)
4:9
0/2
4/12
6
6/12
5
3/12
4/11
6

72, 77
0:2
0/1
0
0
2
1
0
1/2
0

17–67 (49)
4:7
0/0
3
0
4/10
3
2
1/10
1

1
0
0
2
8

0
2
1
3/8
8/8

1
3
1
1/2
2/2

1
0
3
1/3
2/3

2
3
3
2/10
5/10

0
1
0
ND
ND

0/10
1/10
1/10
2/8
2/8

9
8

9
8

7
7

2
0

4
1

2
0

0
0

*In many cases, OCB were not systematically looked for.
Phenotypes are given from the retrospective clinical data where available. Denominators are given in cases of censored data. Initially normal but subsequently abnormal tests around
the time of presentation (MRI, EEG, CSF) were counted as abnormal in this analysis, unless stated in the online supplementary table S1.
CSF, cerebrospinal fluid; F:M, female:male; MTL, medial temporal lobe abnormalities; ND, not done; NMDAR-Ab, N-methyl-D-aspartate receptor autoantibody; OCB, oligoclonal band;
WM, white matter abnormalities.
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NMDAR-encephalitis, a Possible NMDAR-antibody-mediated
disease or an Unlikely NMDAR-Ab-mediated or autoimmune
disease.5 17
To determine how the antibody levels and these categories
related to the core clinical features of NMDAR-Ab encephalitis
(encephalopathy, psychiatric symptoms, cognitive symptoms, seizures, extrapyramidal movement disorder), the number of features including an inﬂammatory CSF (cellular, raised protein or
oligoclonal bands if tested) were tabulated. We did not include
slow waves on EEG as this feature would be captured by the
presence of encephalopathy.

Statistical analyses
The cell-based assay NMDAR scores for each group were compared with ANOVA, with post hoc comparisons.

RESULTS
Of the 1039 patients tested, 56 (5.4%) were Positive or Low
Positive for NMDAR-Abs in serum and of these, 9 were classiﬁed as paraneoplastic Deﬁnite NMDAR-Ab encephalitis (16%),
16 (29%) as non-paraneoplastic Deﬁnite NMDAR-Ab encephalitis, 18 (32%) as Possible NMDAR-Ab encephalitis and
13 (23%) as Unlikely autoimmune encephalitis (ﬁgure 1).
Only two cases (#28, #32) were redeﬁned by the authors
(MSZ and AJLC) on the basis that one previously assigned
Deﬁnite case (#28) did not demonstrate improvement (before
leaving the country), and one previously assigned Unlikely case
(#32) did have clinical and paraclinical features that the authors
considered made NMDAR-Ab encephalitis possible.
The initial (diagnostic) NMDAR-Ab scores for each of these
categories are shown in ﬁgure 2A. Initially, values of 1 were
reported to clinicians as Low Positive and values from 2 to 4
were reported as Positive. Subsequently (see below), values of 1
were reported as negative and 1.5 as Low Positive. Details of
the individual cases are identiﬁed by # in the online supplementary table S1 and the clinical features, paraclinical investigations,
treatment status and outcomes in the Positive and Low Positive
groups are summarised in table 1.

Deﬁnite paraneoplastic
Nine patients had tumours; eight females (ages 17–32) with
ovarian teratomas (one also with papillary thyroid cancer) and
one male with Hodgkin’s lymphoma. Excluding one case with
censored details, all had four to six of the core clinical features
(encephalopathy, psychiatric symptoms, cognitive symptoms, seizures, extrapyramidal movement disorder and inﬂammatory
CSF), and eight of nine had slowing on EEG; these patients
responded well to immunotherapies. Patient #9 was a man with
Hodgkin’s lymphoma and paraneoplastic limbic encephalitis
(Ophelia syndrome15) with MRI evidence of medial temporal
lobe involvement. He responded well initially but died subsequently of his Hodgkin’s lymphoma.
These patients had Positive NMDAR-Abs at diagnosis with
overall higher scores than those in each of the other three classiﬁcations, and all three paired CSFs were Positive (ﬁgure 2A;
table 1 and online supplementary table S1).

Deﬁnite non-paraneoplastic
Sixteen patients (10 females, 6 males) were designated Deﬁnite
on the basis of having a subacute or acute disorder with three
(n=2) or more (n=14) of the six core clinical features, including
12 abnormal CSFs (10 cellular, 8 with oligoclonal bands),
absence of a clear alternative diagnosis, and a response to
immunotherapies in 15/16 (see table 1 and online supplementary table S1). One patient (#13) with classical NMDAR
encephalitis and Positive NMDAR-Abs ( previously reported in
Davies et al14) was assigned as ‘Deﬁnite’ despite no response to
therapy within the 6 months before he died. Another (#21) presented with an encephalitic illness with some recovery after
immunotherapy, but then suffered progressive cognitive decline
until death. A postmortem demonstrated evidence of
Alzheimer’s disease and encephalitis.
At ﬁrst testing, 9 of the 16 Deﬁnite non-paraneoplastic
patients had Positive serum NMDAR-Abs (scores 2–4 at 1:20
dilution) and 1 paired CSF was Positive (scores 1 at 1:1 dilution). However, the remaining seven cases had Low Positive
serum NMDAR-Ab scores (1 or 1.5) at presentation, and only

Figure 1 Schematic representation of
the breakdown of patients into four
clinical categories. The patients are
divided into those with Positive and
Low Positive initial NMDAR cell-based
assays score. Cerebrospinal ﬂuid (CSF)
N-methyl-d-aspartate receptor
autoantibody (NMDAR-Ab) and tumour
associations (with mortality, †) are
represented.
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Figure 2 Distribution of cell-based serum and CSF NMDAR-Ab scores in each clinical category (A). The CBA score of the ﬁrst serum sample at
1:20 titration and CSF at 1:1 (some tested subsequently, online supplementary table S1) score plotted against the clinical allocations. Deﬁnite
paraneoplastic cases had signiﬁcantly higher initial CBA scores than each of the other case deﬁnitions. (B) The number of core features plotted
against the CBA scores: 4, 2–3 and 1–1.5. The numbers of core features were lower in the Low Positive group. (C) The percentage of patients with
each core feature was compared for the different CBA scores. There were no clear differences related to antibody level. (D) The number of core
clinical features was compared across clinical deﬁnitions and the binary allocation of Low Positive or Positive initial NMDAR CBA scores. Although
the number of features was lower in the Possible Low Positive patients than in the Deﬁnite or Positive Possible patients, half of them had three core
features. CBA, cell-based assay; CSF, cerebrospinal ﬂuid; NMDAR-Ab, N-methyl-D-aspartate receptor autoantibody; PND, paraneoplastic neurological
disorder.
two of the ﬁve paired CSFs was Positive this patient (#19) was
tested when serum NMDAR-Ab had risen to Positive during the
course of a protracted illness.

Possible
Eighteen patients, seven women, median age 55 (range 22–80),
were classiﬁed as Possible. Two with Low Positive NMDAR-Abs
had tumours identiﬁed (#26, #27). Overall, 11 of 18 patients
were encephalopathic and 9 of 15 tested had an inﬂammatory
CSF (8 cellular, 1 with OCB). Although three or more core features were present in 11 patients, the remaining 7 patients had
only one or two of these features. Six of the patients had
received immunotherapies and only one patient (#34), with isolated psychosis, improved, although this young woman also
received conventional antipsychotic medication. One notable
case (#28) was a patient with severe encephalitis and venous
sinus thrombosis, unresponsive to immunotherapy, initially
thought to have neuro-Behçet’s disease. The Positive antibody
result led the treating neurologist to make a diagnosis of
Possible NMDAR-Ab encephalitis, and as a consequence change
therapy from tumour necrosis factor (TNF) blockade to B-cell
depletion therapy with rituximab. There was no convincing

therapeutic effect, although the follow-up was short (the patient
left the UK).
Five Possible cases had Positive NMDAR-Abs at ﬁrst testing,
and of the 13 (72.2%) with Low Positive serum NMDAR-Abs,
four developed Positive values subsequently. The three CSFs
tested during the course of the disease were negative
(ﬁgure 2A).

Unlikely cases
These 13 cases, median age of 52 (range 17–77), including
4 females, had an alternative eventual diagnosis or an antibodymediated CNS syndrome was felt to be unlikely. One case had a
primary brain malignancy ( posterior fossa glioma, not biopsied
before death), but there were no systemic malignancies in this
group. This group included two cases of atypical motor neuron
disease. In addition, there was one patient with leukodystrophy,
a case of CNS vasculitis, a possible ﬂare of maple syrup urine
disease and one patient with an idiopathic pure cerebellar syndrome (see supplementary table S1). Only one case had three or
more core clinical features and CSF was abnormal in only 2/12
cases (see supplementary table S1). Two patients (#50 and #55)
had an immunotherapy trial but did not respond.
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Two others were receiving immunotherapy for CNS vasculitis
and systemic lupus erythematosus—not with the intention to
treat an autoimmune encephalopathy—and similarly did not
respond. One case with complex partial seizures and cognitive
dysfunction, felt clinically to have possible early Alzheimer’s
disease, had Positive NMDAR-Abs at onset rising to a score of
3 in a subsequent sample, but immunotherapies were not tried.
All but two patients (84.6%) had Low Positive NMDAR-Abs,
and CSF was negative for NMDAR-Abs in the one case tested.

Relationship of clinical features to NMDAR-Ab levels
The number of core clinical features, including inﬂammatory
CSF, was signiﬁcantly lower in patients with Low Positive
NMDAR-Ab levels compared to those with Positive levels
(either score 4 or scores 2–3, ﬁgure 2B; p<0.001) across the
range of core features (ﬁgure 2C). Nevertheless, three or more
core clinical features were found not only in all of those with
Deﬁnite NMDAR-Ab encephalitis, including the 7 with Low
Positive antibodies, but also in 11 of the Possible patients including 6 who were Low Positive (ﬁgure 2D). Overall, serum antibodies were higher than CSF in paired samples, and in some
patients serum levels rose from Low Positive to Positive during
the course of the disease (online supplementary table S1).

Effect of omitting scores of 1
Over the ﬁrst 4 years, we became aware that scores of 1 were
relatively common and could be associated with unlikely autoimmune diagnoses. As from late 2011, we reported scores of 1
as negative and 1.5 as Low Positive. If this cut-off had been
applied to all patients, it would have reduced the total number
to 39, with 23 Deﬁnite, 11 Possible and only 5 Unlikely.

DISCUSSION
NMDAR-Abs are associated with a well-described disease that
presents with psychosis, seizures, encephalopathy, cognitive
impairment and movement disorders, often with CSF pleocytosis or oligoclonal bands. Although ‘anti-NMDAR encephalitis’
has been characterised in great detail,2 4 6 the range of clinical
phenotypes is widening.2 3 8 13 14 18 19 Since 2008, the Oxford
laboratory has reported NMDAR-Abs as Low Positive or
Positive. Here, in order to inform the evaluation of future
patients, we analysed the clinical features, antibody levels and
treatment responses of the patients referred for testing from two
specialist centres. We ﬁrst divided the patients’ conditions into
four categories of Deﬁnite paraneoplastic, Deﬁnite nonparaneoplastic, Possible and Unlikely autoimmune disease based
on the clinical features and any responses to immunotherapies.
Although the two Deﬁnite categories (n=25, all but 2 successfully treated with immunotherapy) contained the highest proportion (18/25, 72%) of Positive NMDAR-Abs, these were also
seen in a proportion (5/18, 28%) of those in the Possible
category but only in 2/13 (15%) of the Unlikely category.
Conversely, Low Positive NMDAR-Abs were identiﬁed in seven
of the Deﬁnite non-paraneoplastic cases and in several cases,
both Deﬁnite and Possible, rose to Positive levels during the
disease course. Ignoring results of sera scoring 1, as we did from
2011, would have reduced the number of Unlikely and Possible
patients, including two with tumours, but also two of those
designated as Deﬁnite.
We found that by using live cell assays, which would seem the
most appropriate to detect the extracellular binding of antibodies that are potentially pathogenic,5 6 serum levels were
always higher than CSF levels and the latter were not always
Positive in those with lower serum levels, regardless of whether
712

they were assigned as Deﬁnite or Possible NMDAR-Ab encephalitis. Although the number of serum:CSF pairs was low, and
often not taken at onset, a review of results on over 800 serum:
CSF pairs over the same time period shows that 28 of 130
serum positive pairs were CSF negative (AV unpublished
observations).
A recent report of assays in patients with ‘new onset neuropsychiatric symptoms and positive NMDAR-Abs’ demonstrated
that live cell assays using serum were less sensitive than those
with CSF on ﬁxed-cell assays.20 However, since the patient definition relied on the positive CSF NMDAR-Ab test and the
characteristics of the serum negative patients were not given, it
is not possible to compare with our data. Clearly, a comparison
of our approach with the ﬁxed cells and tissue techniques used
by others20 21 would be valuable, but our study was retrospective up to the end of 2012 and the majority of the samples are
no longer available. Equally important will be to compare both
methods with the commercially available tests in order to
inform better the clinical laboratories that are performing them.
A workshop to agree the core features required, allowing some
spreading of the phenotypes encountered, and a multicentre distribution of anonymised sera should be established for that
purpose.
Some of the patients had unusual presentations or disease
associations. NMDAR-Abs were identiﬁed in neurodegenerative
disease, particularly in three cases of Alzheimer’s disease (one
labelled Deﬁnite NMDAR-Ab encephalitis due to postmortem
evidence of encephalitis and initial response to treatment) and
two cases of motor neuron disease. These cases had atypical
phenotypes at presentation, which prompted antibody testing,
and therefore do not represent cases of typical Alzheimer’s
disease or motor neuron disease encountered in the clinic. The
prevalence of NMDAR-Ab in unselected Alzheimer’s disease
and motor neuron disease is not known and would be of interest for future study. It is most likely that the antibodies are epiphenomena in these cases and not pathogenic, but a
contribution to clinical features might be predicted given the
pathogenicity of these antibodies. The case of leukodystrophy
with NMDAR-Abs, and small vessel cerebrovascular disease is
intriguing since white matter lesions resembling demyelination
have been seen recently in paediatric18 and adult patients with
NMDAR-Abs,19 and NMDARs are expressed in oligodendrocytes.22 The case of Deﬁnite NMDAR encephalitis after
anti-TNF therapy for ankylosing spondylitis, a therapy usually
associated with CNS demyelinating disease,23 could be related,
although this patient had no evidence of demyelination on
MRI.
Twelve (28.6%) of 42 cases in whom a search for tumour was
carried out had tumours, including two in those with Low
Positive antibodies (score 1). The presence of NMDAR autoantibodies should always prompt a consideration of screening for
malignancy,24 but whether such low levels of autoantibodies
justify a tumour search is not yet clear. The follow-up in our
retrospective study was long, though it does remain possible
that tumours may emerge years after the presentation in a small
proportion.
We hoped that there might be some distinguishing features
that helped to deﬁne a subgroup of Low Positive or Positive
Possible patients who might respond to immunotherapies. There
were no speciﬁc clinical or paraclinical features that were distinctive, but from the data presented (ﬁgure 2D) those with
three or more of the core clinical features, including an abnormal CSF, could be considered for immunotherapies irrespective
of whether their NMDAR-Abs are Positive or Low Positive.
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The study was a retrospective series with some censored data.
Since patients often presented ﬁrst to distant referral centres
before transfer to Addenbrooke’s Hospital or the National
Hospital for Neurology and Neurosurgery, the clinical phenotype at presentation was based on archived clinic letters. As
might be expected, the clinicians deﬁned as Deﬁnite those cases
with many of the core features, and as Possible mainly those
cases with fewer features where they chose not to give immunotherapies. Although relating the number of clinical features to
these deﬁnitions therefore involves some circular arguments,
this does not apply to the antibody levels. In many cases, the
treating clinicians made a clinical judgement prior to the knowledge of the antibody status, or did not treat the patients with
immunotherapies if they did not think the antibody result was
relevant. This indicates that Positive or Low Positive results did
not necessarily mislead the clinician, but an opportunity for
treatment may have been missed in some of the Possible patients
who had three or more core features. Whether the use of ﬁxed
permeabilised cell-based assays and immunohistochemistry, as
recently recommended,20 would have proved equally sensitive
and more speciﬁc for the Deﬁnite patients could not be assessed
in this retrospective analysis.
These data also demonstrate some of the difﬁculties encountered in routine clinical practice with respect to the reporting of
results that will be helpful to the treating clinician. Low serum
levels of NMDAR-Abs, often associated with a negative CSF,
may rise subsequently, and appear to be relevant in a proportion
of cases. Conversely, in other patients, Low Positive
NMDAR-Abs may reﬂect the presence of a neurodegenerative
or other disorder, unlikely to be immunotherapy responsive.
Regardless of the antibody detection, the careful clinical assessment of suspected NMDAR-Ab-mediated disorders remains critical to management.
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Supplementary Table 1. Clinical features of 56 NMDAR antibody-positive patients
Case number

Age,
sex

NMDAR-Ab
CBA scores

Clinical syndrome

Investigations

Final clinical
diagnosis

Response to
treatment

Primary
autoimmune
likelihood
(follow up,
months (m))

(Paired serum
(1:20), CSF
(1:1), days
since first
sample)
(approximate
length of
history prior to
antibody
testing, months
(m)
Definite paraneoplastic (listed by NMDAR-Ab first sample)
1

17 F

4, 4 (na)

Protracted encephalitis
requiring intensive care unit
stay (censored data).

CSF unknown; EEG
slowing, rhythmic delta
and occasional spikes;
MRI normal.

NMDAR-Ab
encephalitis;
teratoma (found
on
oophorectomy)

No; (steroids,
PEX, IVIG)
(died of bowel
sepsis)

Definite
paraneoplastic
(14m)

2

21 F

4, (3.5, CSF1.5,
6m), 4 (na)

Headaches, hallucinations,
confusional state, movement
disorder, dysautonomia,
seizures, dyskinesias.

CSF unknown; EEG
encephalopathic; MRI
normal

NMDAR-Ab
encephalitis;
ovarian
teratoma; post
mortem CA4
encephalitic
changes

Yes (tumour
removal, IVIG,
steroids,
rituximab).

Definite
paraneoplastic
(9m) died

3

32 F

4, 4, 1.5 (0m)

Psychosis, seizures, coma,
rhythmic movements

CSF normal; EEG
slowing; MRI normal

NMDAR-Ab
encephalitis;
ovarian
teratoma

Yes (steroids,
PEX, tumour
removal)

Definite
paraneoplastic
(55m)

Included in
Irani et al 2010

4

25 F

4, 4 (1m)

Behavioural change, seizures,
coma, movement disorder

CSF normal; EEG
episodic anterior slow
discharges; MRI normal

NMDAR-Ab
encephalitis;
ovarian
teratoma

Yes (IVIG,
PEX, tumour
removal,
steroids,
rituximab)

Definite
paraneoplastic
(3m)

5

20 F

4, 2.5 (na)

Behaviour change, seizures,
encephalopathy, dyskinesias.
Intubated for several months.
Previous (contralateral)
teratoma removed 24m earlier.

CSF 74 Lymphs, 6
PMNs; OCB; EEG
epileptiform then
encephalopathic; MRI
normal

NMDAR-Ab
encephalitis;
previous and
new ovarian
teratoma

Yes (steroids,
tumour removal,
PEX).

Definite
paraneoplastic
(10m)

6

29 F

4 (na)

Psychosis, encephalopathy,
seizures.

CSF 57 WCC; EEG
slowing; MRI normal

NMDAR-Ab
encephalitis;
ovarian
teratoma

Yes (tumour
removal, PEX)

Definite
paraneoplastic
(27m)

7

22 F

3, 3 (na)

Forgetfulness then headaches,
fever and confusional state,
seizures and coma,
dysautonomia, dystonia.
Positive ANA and anti-Ro
antibodies, anti-dsDNA
negative. Reactivation of TB
on therapy, protracted course.

CSF 8 lymphs; OCB;
EEG encephalopathic;
MRI normal

NMDAR-Ab
encephalitis;
bilateral ovarian
teratomas

Yes (teratoma
removal,
steroids, IVIG,
cyclophosphami
de, rituximab)

Definite
paraneoplastic
(56m)

8

25 F

(3, CSF 1, 40d),
4, 1.5 (na)

Encephalitis with initial
psychosis, catatonia, dystonia
then coma.

CSF 21 lymphs; EEG
slow triphasic waves,
encephalopathic; MRI
normal

NMDAR-Ab
encephalitis;
ovarian
teratoma and
papillary thyroid
cancer

Yes (IVIG,
PEX, steroids,
removal of
tumours)

Definite
paraneoplastic
(24m)

9

48 M

2, (2, CSF1, not
cleara) (0m)

Amnestic syndrome, seizures,
relapsed Hodgkin lymphoma
(‘Ophelia syndrome’)

CSF 4 WCCs; then 10
lymphs; EEG normal;
MRI medial temporal
lobe high signal

Hodgkin
lymphoma
associated
limbic
encephalitis
(Ophelia

Yes (PEX)

Definite
paraneoplastic
(6m) but died
later

Case 1 in
Davies et al.
201017

Case 6 in
Davies et al.
201017

Zandi et al
200916,Irani et
al2

syndrome)

Definite (non-paraneoplastic, listed by NMDAR-Ab first sample)
10

21 F

4, 3 (na)

Psychosis, apraxia,
behavioural change, seizures

CSF 29 WCC, OCB;
EEG encephalopathic,
MRI normal then
meningeal lesions

NMDAR-Ab
encephalitis; no
tumour found

Yes (steroids,
plasmapheresis,
IVIG, AZA)

Definite
(35m)

11

23 F

4, 4 (na)

Psychosis, seizures, dystonia,
autonomic dysfunction. No
follow up.

CSF OCB, EEG slowing,
MRI normal

NMDAR-Ab
encephalitis; no
tumour found

Yes (PEX,
steroids)

Definite (2m)

12

40 F

4, 0 (na)

Behavioural disturbance,
musical hallucinations,
seizure, encephalopathy,
movement disorder. Cardiac
asystole.

CSF 13 WCC, OCB;
EEG slowing, MRI few
areas white matter high
signal

NMDAR-Ab
encephalitis; no
tumour found

Yes
(corticosteroids,
IVIG)

Definite
(40m)

13

41 M

4,3 (1m)

Behaviour change,
hallucinations, seizures, coma,
dysautonomia, rhythmic
orofacial and limb
movements, hyperthermia

CSF normal but then 40
WCC (95% lymph),
raised protein and OCB.;
EEG epileptiform then
encephalopathic; MRI
normal

NMDAR-Ab
encephalitis; no
tumour found

No (Steroids,
IVIG x 2,
plasmapheresis
x 2)

Definite (6m)
died

29 M

3, 1.5

Behaviour change and
seizures, auditory
hallucinations, delusions,
coma and dyskinesias.
Prolonged rehabilitation, now
in sheltered housing.

CSF 12 WCC; transient
positive HSV1, OCB.
EEG slow, MRI normal

NMDAR-Ab
encephalitis; no
tumour found

Yes, (steroids,
plasmapheresis,
rituximab)

Definite
(49m)

Case 2 in
Davies et al.
201017

14
Case 3 in
Davies et al.
201017

15

22 F

(2, CSF1, 0d),
2.5, 1.5 (na)

Behaviour change, amnesia,
movement disorder. Relapses
late 2012.

CSF 20 WCC; EEG
focal temporal and
occipital changes; MRI
normal

NMDAR-Ab
encephalitis; no
tumour found

Yes (IVIG,
PEX, rituximab,
AZA)

Definite (uk)

16

16 F

2.5, 3, 1 (2m)

Musical hallucinations,
seizures, cerebellar syndrome
(subsequent relapsing
cognitive and psychiatric
symptoms)

CSF normal; EEG high
amplitude slow waves
and spikes, MRI normal

NMDAR-Ab
encephalitis; no
tumour found

Yes (steroids,
PEX, IVIG,
rituximab)

Definite
(58m)

17

26 F

2 (na)

Headache, acute confusion,
memory loss and word finding
difficulties, athetoid then
rhythmic movements.

CSF 114 WCC; EEG
encephalopathic; MRI
normal

NMDAR-Ab
encephalitis; no
tumour search.

Yes (Steroids,
IVIG)

Definite
(24m)

28 F

2 (na)

Headache, fever, agitation,
hallucinations, seizures,
dyskinesias.

CSF 60 lymphs; OCB;
EEG encephalopathic,
one seizure; MRI normal
then WM lesions

NMDAR-Ab
encephalitis; no
tumour search

Yes (steroids)

Definite
(48m)

19*

26 F

1.5, (2.5,
CSF1.5, 25d),
4, 2.5 (~1 m).

Behaviour change,
hallucinations, movement
disorder

CSF Lymphocytic; EEG
encephalopathic; MRI
possible frontal
ischaemia

NMDAR-Ab
encephalitis; no
tumour found at
oophorectomy.
Remains
dependent in
nursing
residential care.

Yes (steroids,
IVIG, PEX,
rituximab,
AZA)

Definite
(18m)

20*

33 F

1.5, (1, CSF0,
40d), 2.5 (na)

Headache, seizures, coma,
dysautonomia

CSF not known; EEG
sharp waves; MRI
normal

NMDAR-Ab
encephalitis; no
tumour found

Yes (steroids,
IVIG,
rituximab)

Definite (uk)

21

68 M

1.5, 1 (14m)

Seizures, amnesia, cerebellar
and bradykinesia, coeliac

CSF normal, EEG
borderline theta;MRI
atrophy and

Post mortem
Alzheimer’s
Disease type

Yes (PEX,
steroids), then
deteriorates and

Definite
(20m) then

Case 5 in
Davies et al.
201017
18
Case 4 in
Davies et al.
201017

disease, subsequent dementia

periventricular WM high
signal

pathology and
basal ganglia
and
hippocampal
encephalitic
changes; no
tumour found

dies

died

22*

46 M

(1.5, CSF0, 0d),
(0, CSF0) (8m)

Complex partial seizures,
amnesia. Ankylosing
spondylitis and previous antiTNF therapy (adalimumab)

CSF normal, EEG left
temporal slowing, MRI
high signal left temporal
lobe

NMDAR-Ab
encephalitis
(post anti-TNF);
no tumour
found

Yes (steroids,
PEX)

Definite
(40m)

23

57 F

1.5 (1m)

Confusion and delusions,
psychosis, catatonia, orofacial
dyskinesia

CSF 225 lymph; OCB;
EEG no epileptic
activity; MRI, few areas
of WM high signal

NMDAR-Ab
encephalitis; no
tumour found

Yes (PEX,
steroids MMF)

Definite
(11m)

24

18 M

1, 0, CSF0
(1m)

Psychosis, insomnia,
headache, agitation, then
sustained remission

CSF 22 WCC; EEG,
MRI normal

NMDAR-Ab
psychosis; no
tumour found

Yes (IVMP)

Definite (9m)

25

44 M

1, (0, CSF0
5m), 0 (11m)

Cerebellar syndrome, with
asymmetric myoclonus,
dyspraxia and bradykinesia of
right arm, memory problems

CSF raised protein,
OCBs; EEG, MRI
normal

NMDAR-Ab
encephalitis; no
tumour found

Yes (PEX)

Definite (7m)

Possible (paraneoplastic; non-paraneoplastic, listed by NMDAR-Ab first sample)
26

65 F

1(2m)

Seizures, head jerks, cognitive
impairment, rheumatoid
arthritis, non-small cell lung
adenocarcinoma subsequently
found

CSF normal; EEG slow;
MRI normal

Localisation
related seizures;
non-small cell
lung cancer

Not tried
(possible
spontaneous
resolution of
symptoms)

Possible
paraneoplastic
(22m) died
two m later

27

79 M

1 (2m)

Weight loss, encephalopathy,
agitation and unsteadiness.

CSF 34 lymphs; EEG
frontal slowing; MRI

No diagnosis
made in life;

Not tried

Possible
paraneoplastic

non-specific WM
changes

oesophagus
mass; prostate
adenocarcinoma

(0m) died

28

22 F

4, 4, 4 (na)

Headache, fatigue,
hypersomnolence, fever,
coma. Initial working
diagnosis of neuro-Behçet’s
disease.

CSF 30 WCC; EEG slow
with some sharp features;
MRI normal initially
except transverse and
sinus thrombosis. Later
MTL inflammation

NMDAR-Ab
encephalitis and
venous sinus
thrombosis; no
tumour found

No (Steroids,
infliximab,
methotrexate;
plasma
exchange and
rituximab
following
NMDAR
antibody result).

Possible (7m)

29

80 F

4, 4, 1.5 (3m).

Behavioural change and facial
dyskinesia (3m). Two years of
depression, received
electroconvulsive therapy.

CSF and EEG nd; MRI
normal

Depression; no
tumour search

No (steroids)

Possible (0m)

30

52 F

4, 2.5, 1.5
(12m)

Encephalitis, seizures,
myeloradiculopathy. Chronic
seizures and cognitive
impairment.

CSF 34 WCC, raised
protein, OCB, ACE
raised; EEG slowing;
MRI signal change T6 to
conus, cerebellar
haemorrhage

Biopsy proven
neurosarcoidosi
s with systemic
sarcoidosis; no
tumour found

Not tried
(already on
steroids and
methotrexate for
sarcoid)

Possible (no
follow-up)

31

33 M

2.5(na)

Relapsing encephalitis in
youth. Mild fluctuating
psychiatric symptoms since
then. Antibodies tested when
well.

CSF 12 WCC in 1996
(counted in this
analysis); EEG nd; MRI
normal

Idiopathic
encephalitis and
psychiatric
syndrome; no
tumour search

Not tried
(relevance
unclear, mild
symptoms)

Possible
(44m)

32

67 M

2, (1.5, CSF0
22m), 2.5 (0m)

Porencephalic cyst,
longstanding schizophrenia.
Episode of delirium. (0m)
(Relapse with seizures 1 year
later, and further seizures and

CSF, EEG and MRI nd
at presentation; EEG
discharges at first relapse
and slow at second, CSF
cellular 1st relapse, with

Localisation
related seizures
and chronic
schizophrenia;
no tumour

Not tried
(spontaneous
resolution)

Possible
(28m)

possible stroke at 22 months)

MRI high signal right
hemisphere at 22
months.

found.

33*

22 M

1.5 (0m)

Acute psychosis: visual and
auditory hallucinations with
cannabis (0m) Childhood
generalised seizures.

CSF, EEG nd;MRI
normal

First episode
psychosis; no
tumour search

Not tried; (lost
to follow up)

Possible (no
follow-up)

34

26 F

1.5, 2.0, 1.5
(2m)

Relapsing psychosis

CSF and EEG normal;
MRI subtle increased
signal cingulate, insular
and hippocampi

First episode
psychosis; no
tumour found

Yes (steroids
then
olanzapine)

Possible
(13m)

35

39 M

1.5, 2.5, 1
(14m)

Paroxysmal hyperkinetic
movement disorder, cognitive
dysfunction and subsequent
psychiatric symptoms

CSF normal; EEG
intermittent slowing;
MRI normal

No clear
diagnosis made;
no tumour
found

No; (steroids
only)

Possible (no
response but
only given
steroids; no
follow-up)

36

68 M

1.5, 1 (0m)

Spontaneously rapidly
resolving acute encephalitis
with confusion and poor
communication post
respiratory infection

CSF 120 PMNs, 20
lymphs, raised
protein;EEG
slowing;MRI probable
small vessel disease

Possible
NMDAR-Ab
encephalitis; no
tumour found

Not tried
(spontaneously
recovers)

Possible (6m)

37*

56 F

1.5 (1m)

Acute mania

CSF nd; EEG and MRI
normal

Manic episode;
no tumour
search

Not tried; (lost
to follow up)

Possible (no
follow-up)

38*

54 M

1.5, 2, 1 (60m)

5 years progressive difficulty
using right arm, and gait
disturbance. Myoclonus and
pyramidal signs. Stimulus
sensitive jerky tremor.
Polycythaemia.

CSF normal tau and
abeta; EEG nd; MRI
atrophy and small vessel
disease

Possible
corticobasal
degeneration; no
tumour search

Not tried (not
felt to be
relevant at the
time)

Possible (0m)

39

33 M

1, 2.5 (84m)

Refractory localisation related
epilepsy. Encephalitis

CSF 38 WCC; EEG
normal; MRI

Hippocampal
sclerosis; no

Not tried

Possible

considered in admission 6
years prior to this presentation
(fever, amnesia)

hippocampal sclerosis

tumour found

(27m)

40

56 M

1, 1.5, (0.5,
CSF0 2.3y)
(144m)

Recurrent partial seizures and
epilepsia partialis continua,
and increasing frequency of
seizures over 12 years.
Tremor.

CSF raised protein; EEG
L hemispheric slowing;
MRI progressive
hemiatrophy

Rasmussen’s
encephalitis; no
tumour found

No (steroids,
PEX, AZA)

Possible
(46m)

41

48 M

1, 0 (0m)

Post respiratory tract infection
relapsing encephalitis
(fluctuating drowsiness,
spontaneous resolution). (0m)
Antibodies not measured in
first episode 6 years prior to
this episode.

CSF 20 WCC, raised
protein; EEG nd; MRI
normal

Idiopathic
encephalitis; no
tumour found

Not tried
(spontaneous
resolution)

Possible (9m)

42

62 M

1 (0m)

Abdominal pain then seizures,
hyponatraemia. (0m)
Epilepsy for 4 years, recent
bowel surgery for
pseudomembranous colitis (5
m prior)

CSF normal; EEG
asymmetrical with sharp
features; MRI atrophy

No diagnosis
made in life; no
tumour search

Not tried; (result
not known in
life)

Possible (0)
died

43

71 F

1 (3m)

Seizures requiring sedation
(3m)

CSF normal;EEG
epileptiform;MRI high
signal MTL, left parietal
lobe haemorrhage

Diagnosis not
made in life; no
tumour found

No (steroids)

Possible (4m)
died

Unlikely (remaining cases, listed by tumour then NMDAR-Ab first sample)
44*

77 M

1.5

Cerebellar syndrome (6m)

CSF and EEG nd; MRI
posterior fossa mass

Glioma; died;
no autopsy

Not tried; DEX
only

Unlikely (2m)
died

45

72 M

(2.5, CSF0, 0)
(30m)

2.5 years of amnesia
suggestive of mild
Alzheimer’s disease, isolated
generalised seizure, few

Small IgG kappa 12g/L
paraprotein. CSF slightly
raised protein (scored
normal); EEG nd; MRI

Alzheimer's
disease; no
tumour found

Not tried

Unlikely
(26m)

episodes of deja vu. Deep vein
thrombosis

normal

found

46

28 M

2

Probable relapsing cerebral
vasculitis, first episode with
parenchymal haemorrhage 6
years prior, progressive
infarcts and narrowing
medium sized vessels on
angiography despite
immunosuppression

CSF 146 lymph; EEG
n.d., MRI WM
ischaemia.

CNS vasculitis;
no tumour
found

n/a (partial effect
cyclophosphami
de, steroids,
azathioprine)

Unlikely
(31m)

47

17 M

1.5, 0 (60m)

Subacute ataxia and jerky
nystagmus; known maple
syrup urine disease (MSUD)
without biochemical evidence
of decompensation (1m)

CSF, EEG, MRI normal

Probable
exacerbation of
maple syrup
urine disease;
no tumour
search

Not tried
(spontaneously
improves)

Unlikely
(13m)

48

63 M

1.5 (40m)

Focal seizures and migraine

CSF normal; EEG L
epileptiform focus; MRI
normal

Cryptogenic
epilepsy; no
tumour found

Not tried

Unlikely (0m)

49

67 M

1, 3, 1.5 (48m)

Cognitive dysfunction and
complex partial epilepsy

CSF normal; EEG
intermittent slowing L
temporal; MRI mild
atrophy (scored normal
in analysis)

Possible early
Alzheimer’s
Disease; no
tumour found

Not tried

Unlikely
(37m)

50

33 M

1, 1, 0 (10m)

Motor neuron disease. Upper
limb weakness and cramps,
initially thought to be
multifocal motor neuropathy

CSF OCBs; EEG and
MRI nd

Motor neurone
disease; no
tumour found

No (IVIG)

Unlikely
(51m)

51

45 F

1, 0, 0 (60m)

Migraine, small meningioma,
malaise, anti-purkinje
antibody weak positive,
Raynaud’s phenomenon,

CSF, EEG and MRI
normal

No clear
diagnosis
made; no

Not tried

Unlikely
(23m)

bipolar disease, previous
possible temporal lobe
epilepsy. Subsequent loss of
antibody

tumour found

52

49 F

1(na)

Depression, mutism, previous
possible systemic lupus
erythematosus and
polymyositis.

CSF and EEG normal;
MRI non-specific WM
signal (normal in
analysis)

Depression

n/a (AZA)

Unlikely (0m)

53

49 F

1 (13m).

Progressive cerebellar
syndrome

CSF and EEG normal;
MRI cerebellar, peduncle
and pontine volume loss

Idiopathic late
onset cerebellar
ataxia; no
tumour found

Not tried

Unlikely
(18m)

54

52 M

1 (na)

3 years of a frontal dementing
illness, self-neglect,
disinhibition. Father had a
late onset Parkinsonian
syndrome with similar brain
imaging findings

CSF normal; EEG some
slowing; MRI confluent
WM change

Probable
leukodystrophy
, genetics
undetermined;
no tumour
search

Not tried

Unlikely (1m)

55

55 F

1, 0 (30m)

Stiffness, difficulty walking,
startle, pyramidal signs,
eventual bulbar involvement.
(30m)

CSF normal; EEG
unknown; MRI normal

Upper motor
neuron
predominant
motor neurone
disease

No (PEX)

Unlikely
(18m)

56

57 M

1 (120m)

Recurrent focal seizures over
10 years, previous aneurysmal
subarachnoid haemorrhage 43
years prior.

CSF normal; EEG L
frontotemporal
discharges; CT L
temporal lobe volume
loss with aneurysm clips.

Refractory
epilepsy

Not tried

Unlikely
(48m)

Cases #27, 42, and 43 died before the information about the antibody was available and their likelihood was assigned by the authors.
Abbreviations: AZA azathioprine; ACE angiotensin converting enzyme; CSF cerebrospinal fluid; DEX dexamethasone; EEG
electroencephalogram; HSV1 herpes simplex virus 1; IVIG intravenous immunoglobulin; L left; lymphs lymphocytes; MRI magnetic resonance
imaging; MSUD maple syrup urine disease; na not available; nd not done; OCB oligoclonal bands seen in CSF; PEX plasmapheresis; PMN

polymorphonuclear leukocytes; uk unknown; WCC white cell count; WM white matter. *The NMDAR-Ab scores at first sampling (1.5) were
reported as positive in seven patients, before this value was re-designated as Low Positive. In cases with more than three longitudinal scores the
1st serum CBA score and last CBA score are given, with the maximum CBA score given if not one of the former, and a maximum of one CSF
paired score is given if available.

