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Objective: Significant immunological alterations have been
observed inwomenwith first-onset affective psychosis during
the postpartum period. Recent studies have highlighted the
possibility that a subset of patients with first-onset severe
psychiatric episodes might suffer from undiagnosed autoim-
mune encephalitis. Therefore, the authors performed a three-
step immunohistochemistry-based screening for CNS
autoantibodies in a large cohort of patients with postpartum
psychosis and matched postpartum comparison subjects.

Method: Ninety-six consecutive patients with postpartum
psychosis and 64healthy postpartumwomenwere included.
Screening for antibodies in patient serum was performed
using immunohistochemistry. Samples showing any staining
were further examined by immunocytochemistry using live
hippocampal neurons and cell-based assays to test for
anti-N-methyl-D-aspartate (NMDA) receptor antibodies.
Cell-based assays for all other known CNS antigens were
performed in those samples with immunocytochemistry
labeling but negative for NMDA receptor antibodies.

Results: Four patients (4%) with neuropil labeling suggestive
for extracellular antigen reactivity were identified. Serum

samples from all four patients showed clear extracellular
labeling of live hippocampal neurons. Two women had the
specific stainingpatterncharacteristic for anti-NMDAreceptor
antibody positivity, whichwas confirmedby cell-based assays.
Neither patient with anti-NMDA receptor antibody positivity
had evidence of an ovarian teratoma. The other two patients
tested negative by cell-based assays for all known CNS
antigens. None of the matched postpartum comparison
subjects had confirmed neuronal surface antibodies. The two
patients with anti-NMDA receptor antibodies both showed
extrapyramidal symptoms following initiation of treatment
with low-dose haloperidol.

Conclusions: In patients with acute psychosis during the
postpartum period, systematic screening for anti-NMDA
receptor autoantibodies should be considered. The acute
onset of severe atypical psychiatric symptoms in young fe-
male patients should raise the index of suspicion for anti-
NMDA receptor encephalitis, particularly in the setting
of neurological symptoms, including extrapyramidal side
effects of antipsychotic treatment.
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Postpartum psychosis is the most severe form of pregnancy-
related psychiatric illness, with a prevalence in the general
population of 0.1% (1, 2). Given that postpartum psychosis is
a severe, potentially life-threatening disorder during the
acute phase, the prognosis is remarkably optimistic: nearly all
women have a complete remission of symptoms within 6
months postpartum.However,womenwith aprior episodeof
postpartum psychosis are at a significantly elevated risk of
relapse after a subsequent pregnancy, estimated to be ap-
proximately 30% and therefore approximately 300-fold
higher than the general population risk. In addition, women
with a previous postpartum psychosis also have an increased
risk for severe affective episodesoutside thepostpartumperiod.

Postpartum psychosis occurs most frequently in primip-
arous women without a psychiatric history and generally
manifests acutely within 4 weeks after delivery. The cardinal
symptomatology is affective and severe, including acute

mania, depression, or a mixed state. Psychotic symptoms
almost exclusively occur within the setting of affective in-
stability. Consequently, postpartum psychosis is generally
considered a bipolar-spectrum mood disorder and not
a primary psychotic disorder (3). However, unlike a classical
bipolar-spectrum illness, postpartum psychosis is also no-
table for its delirium-like appearance. Women with post-
partum psychosis frequently exhibit atypical cognitive
symptoms such as disorientation, misrecognition of people,
derealization, and depersonalization (4, 5).

During the acute phase, all patients require thorough
physical and neurological examinations and comprehensive
laboratory analyses to exclude known organic causes for
acute psychosis and mania. In the vast majority of patients,
the underlying pathophysiology remains unknown. For
a subgroup of patients, postpartum activation of the immune
system might be central to the pathogenesis of postpartum
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psychosis (6–8). Patients with postpartum psychosis have
significantly elevated rates of autoimmune thyroiditis and
pre-eclampsia, both of which have established autoimmune
etiologies (9). Furthermore, abnormalities in monocyte
activation and T-cell function have been observed in patients
with postpartum psychosis during the acute phase (6).

Over the last several years, multiple neuronal autoanti-
bodies have been identified, leading to an emergingdefinition
of “cell surface antibody-associated CNS disorders” in
patients whomight otherwise have been diagnosed as having
a classical psychiatric illness (10). For example, anti-N-
methyl-D-aspartate (NMDA) receptor encephalitis, an au-
toimmune disorder in which IgG antibodies are directed
against the GluN1 subunit of the NMDA receptor, has been
identified in young patients with first-onset psychiatric
symptoms (11, 12). Against this background, we hypothesized
that postpartum autoimmune encephalitis might be the
primary pathophysiological mechanism for a subgroup of
patients with postpartum psychosis. Accordingly, we per-
formed an immunohistochemistry-based screening for CNS
autoantibodies in a large cohort of patients with postpartum
psychosis and matched postpartum comparison subjects.

METHOD

Patients
Ninety-six (N=96) consecutive patients with postpartum
psychosis were recruited from the Mother-Baby Inpatient
Unit of the Department of Psychiatry of the Erasmus Uni-
versity Medical Center between August 2005 and May 2012.
All patients were diagnosed according to DSM-IV-TR using
the Structured Clinical Interview for DSM-IV Axis I Dis-
orders PatientEdition.Wehave includedpatientswith any of
the following diagnoses, including the specifier “onset
postpartum”: depressive disorder with psychotic features,
maniawith psychotic features, mixed episodewith psychotic
features, or brief psychotic disorder. Importantly, the spec-
ifier “onset postpartum” requires that the onset of symptoms
mustoccurwithin4weekspostpartum.Physical examination
and routine laboratory screening were performed at the time of
studyenrollment(median:4weekspostpartum).Allpatientswere
in an acute disease state at the moment of blood withdrawal.

Of 96women, 21hadadiagnosis ofmania and/orpsychosis
outside the perinatal period (bipolar disorder, psychosis not
otherwise specified).Accordingly, 75patientshadmania and/
or psychosis limited to the postpartum period, of which 62
patientswereexperiencingtheirfirstpsychotic episodewhile
13 had at least one previous episode of postpartum psychosis.

The postpartum comparison cohort consisted of 64 healthy
postpartum women recruited between 2008 and 2012 through
theDepartmentofObstetricsandGynecology (ErasmusMedical
Center, Rotterdam). These women had no clinically significant
psychiatrichistoryandanEdinburghPostnatalDepressionScore
,10 at the time of the 4-week postpartum blood sampling.

The study protocol was approved by the institutional
review board of the Erasmus Medical Center, Rotterdam.

After receiving a complete description of the study, all
patients and their authorized legal representatives provided
written informed consent.

Antibody Testing
Screening for antibodies in patients’ serum was performed in
all casesusing immunohistochemistrywith rat brain optimized
for membrane-bound antibodies. To confirm the presence of
neuronal surface antibodies, all samples showing any staining
were tested by immunocytochemistry using live hippocampal
neurons (13) and HEK cells recombinantly expressing GluN1/
N2B to test for NMDA receptor antibodies (cell-based assay)
(14). Serum samples with immunocytochemistry labeling but
negative for NMDA receptor antibodies were screened with
cell-based assays for all other known CNS antigens, including
AMPA receptor (15), GABAA receptor (16), GABAB receptor
(10), LGI1 (15), Caspr2 (10), DPPX (17), mGluR5 (10), D2 re-
ceptor (18), and glycine receptor (19).

Immunohistochemistry. This methodology has been described
previously(14). Inbrief,adultWistarratsweresacrificedwithout
perfusion, and brains were removed, mid-sagittally sectioned,
fixed by immersion in 4% paraformaldehyde for 1 hour at 4 C°,
cryopreserved in 40% sucrose for 48 hours at 4°C, embedded in
freezingcompoundmedia, andsnap frozen in isopentanechilled
with liquid nitrogen. Seven micron-thick sections were then
incubated with 0.3% hydrogen peroxide for 20 minutes, with
10%goat seruminphosphate-bufferedsaline for 1hour, and then
labeledwithpatientorcomparisonsample(dilution1:200)at4°C
overnight. The next day, sections were washed and then in-
cubated with a secondary biotinylated goat antihuman IgG
(dilution 1:2,000, Vector BA-3000 [Burlingame, Calif., Vector
Laboratories]) for 1 hour at room temperature, and the reactivity
was developed with the avidin-biotin-peroxidase method
(Burlingame, Calif., Vector Laboratories).

Immunocytochemistry on neuronal cultures. Primary rat hip-
pocampalneuronalcultureswerepreparedaspreviouslyreported
(20). Liveneurons grownoncoverslipswere incubated for 1 hour
at 37°C with patient or comparison serum (dilution 1:200). After
removing themedia and extensivewashingwith cold phosphate-
buffered saline, neurons were fixed with 4% paraformaldehyde,
permeabilizedwith 0.3%TritonX-100, and immunolabeledwith
Alexa Fluor 488 goat antihuman IgG (diluted 1:1,000, Invitrogen
A11013 [Waltham, Mass., Invitrogen]). Immunocytochemistry
labeling was imaged using an epifluorescence microscope
with Zeiss Axiovision software (Thornwood, N.Y., Zeiss).

Cell-based assay. The cell-based assay consisted of HEK293
cells transfected with plasmids expressing GluN1/N2B in
equimolar ratios as described previously (14). Cells were grown
for 24 hours after transfection and in the presence of ketamine
(500 mM) to prevent cell death after transfection. Transfected
cells were then fixed with 4% paraformaldehyde (5 minutes
at room temperature), permeabilized with 0.3% Triton X-100
(5minutesatroomtemperature), incubatedwithserumdiluted1:
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40 (2 hours at room temperature), then washed
with phosphate-buffered saline and incubated
with a mouse monoclonal antibody against
a noncompeting GluN1 epitope located in the
extracellular loop at amino acid 660–811 (di-
lution 1:20,000; MAB363, Billerica, Mass., Mil-
lipore) for 1 hour at room temperature, followed
by the corresponding fluorescent secondary
antibodies (AlexaFluor488goatantihumanIgG,
Invitrogen A11013, diluted 1:1,000; Alexa Fluor
594 goat antimouse IgG, Invitrogen A11032, di-
luted 1:1,000) for 1 hour at room temperature.
Cell-based assays for AMPA receptor, GABAA
receptor, GABAB receptor, mGluR5, LGI1,
Caspr2,DPPX,D2receptor, andglycine receptor
were performed as previously described.

RESULTS

The demographic and overall clinical char-
acteristics of the study cohort are shown in
Table 1. Using the combination of immunohistochemistry,
immunocytochemistry with live hippocampal neurons, and
cell-based assay, we identified four patients with neuropil
labeling suggestive of extracellular antigen reactivity (N=4/
96, 4%; Figure 1A, Figure 1C). Of these four patients, two
(N=2/96, 2%) had the specific staining pattern characteristic
for anti-NMDA receptor antibody positivity, which was
confirmed with cell-based assay. The other two patients
showed clear extracellular labeling of live hippocampal
neurons (Figure 1A, Figure 1C) but tested negative for all
known CNS antigens. The target antigen for the two non-
NMDA receptor patients could not be identified. None of the
other postpartum psychosis patients, nor any of the post-
partum comparison subjects, had neuropil labeling suggestive
of extracellular antigen reactivity.

The clinical details of the four patients with cell surface
antibody-associated CNS disorder are presented in Table 2
and described below. Importantly, no distinguishing clinical
characteristics were identifiable that segregated the four
antibody-positive patients from the remaining 92 patients
within the postpartum psychosis cohort. From the overall
postpartum psychosis cohort, 66 women were treated with
haloperidol, of which 17 were switched to atypical anti-
psychoticsbecauseofclinically significantextrapyramidal side
effects. Notably, however, both patients with anti-NMDA re-
ceptor antibodies showedextrapyramidal sideeffectswith low
doses of haloperidol (Table 2).

Case Vignettes of Patients With Anti-NMDA Antibody
Positivity
Patient 1. “Mrs. H” is a 31-year-old primiparous primigravid
woman with no prior psychiatric history, who delivered
a healthy daughter at home following an unremarkable
pregnancy.After 1week, she confessed toherhusbandabelief
that she had special gifts. She developed increasingly

progressiveconfusion, leading topsychiatric admissionatday
12 postpartum. On admission, she wrapped a blanket and
a towel around her head and right arm, explaining to the
psychiatrist, “This has everything to do with my special
daughter and the beautiful, colorful world and prime num-
bers.” She was diagnosed with manic and psychotic features.
Physical examination and routine laboratory investigations,
including thyroid screening, were normal. On admission,
Mrs. H was treated with lorazepam and haloperidol. How-
ever, because of extrapyramidal side effects, haloperidol was
switched to olanzapine. After 2 weeks, she required addition
of lithium according to our structured treatment protocol
(21). Over the next month, she developed a subclinical
hypothyroiditis, which was diagnosed as thyroid peroxidase
antibody-positive autoimmune thyroiditis. On a combination
of lithium, olanzapine, and lorazepam, her psychiatric
symptoms fully remitted,with the total durationofherepisode
being 34days.Olanzapine and lorazepamwere slowly titrated
to discontinuation, after which she was discharged home
from the hospital on lithium monotherapy, 2 months after
delivery. Lithium was discontinued at 9 months postpartum,
with no recurrence of symptoms following inpatient
discharge.

Two years after her first delivery, Mrs. H gave birth to
a second healthy daughter. Immediate postpartum pro-
phylactic treatment with olanzapine was initiated to reduce
the 30% relapse risk postpartum without medication (22).
Olanzapinewas recommended formood stabilization instead
of lithium, given the relative contraindication regarding the
risk for thyrotoxicity in patients with thyroid peroxidase
antibody positivity (9). Mrs. H remained psychiatrically
stable throughout the postpartum period. During the past
7 years of outpatient follow-up since discharge, she has
remained in full remission and maintained successful full-
time work.

TABLE 1. Patient Demographic and Clinical Characteristics

Characteristic
Postpartum Psychosis

Group (N=96)

Healthy Postpartum
Comparison
Group (N=64)

Mean SD Mean SD

Age (years) 31.2 5.6 32.8 4.2
Days postpartum blood was drawn 32.3 28.5 29.5 17.2

N % N %

Caucasian 79 82 48 75
Primiparity 75 78 41 64
Primigravidity 59 61 38 59
Caesarean section 15 16 16 25
Psychiatric history
Bipolar disorder 16 17 0 0
Psychosis 5 5 0 0
Previous postpartum episodes 13 14 0 0

Phenomenology
Manic features 55 57 NA —
Depressed features 11 12 NA —
Mixed features 22 23 NA —
Psychosis with no affective features 8 8 NA —
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Patient 2. “Mrs. A” is a 25-year-old multiparous woman who
gave birth to her third child, a healthy daughter. She had
experienced postpartum psychosis at the age of 16 in Middle
East Asia. Because of traumatic events, she fled her home
countryand immigrated to theNetherlandswithherhusband
and child. During her second pregnancy, she was referred to
our hospital and agreed to use lithium for postpartum pro-
phylaxis. She remained clinically stable throughout the entire
postpartum period. Two years later, her third pregnancy was
uneventful. After delivery, she declined lithium prophylaxis
and relapsed. On admission, 3 weeks after her singleton
delivery, she told the psychiatrist, “I gave birth to a twin, but
someone has taken my other baby away.” She had auditory
hallucinations, and she was diagnosed with a psychotic ep-
isode, without manic features. She was treated with the se-
quential addition of lorazepam, haloperidol, and lithium, but
haloperidol was tapered off because of extrapyramidal side
effects. Her symptoms were in remission within 3 months.
Over the past 5 years of outpatient follow-up since discharge,
Mrs. A has been free of manic or clear psychotic symptoms,
but she had minor mood instabilities and transient paranoid
ideas. According to her husband, she has had these symptoms

since her flight from her home country but has been able to
take care of their three children.

Bothpatient 1 andpatient2were identifiedretrospectively
as anti-NMDA receptor antibody positive through this re-
search study. We informed both women of this result and
performed evaluations for ovarian teratoma by transvaginal
ultrasound, which was negative. CSF analysis was not per-
formed, given the remissionof psychiatric symptomswithout
requiring maintenance pharmacotherapy and the absence of
any known neurological or somatic symptoms.

Case Vignettes of Patients With Antibodies Against
Unknown Cell Surface
Patient 3. “Mrs. V” is a 30-year-old primiparous primigravid
woman with no prior psychiatric history, who delivered
a healthy son after a 32-hour labor and delivery. Within 3
weeks postpartum, she developed increasingly severe de-
pression and anxiety. Her family developed particular con-
cern for her well-being because her mother had committed
suicide within a few weeks after her birth.

Six weeks after delivery, Mrs. V experienced delusions of
guilt and visual hallucinations and soon thereafter stopped

FIGURE 1. Demonstration of Uncharacterized Cell-Surface Antigens in a Cohort of Postpartum Psychosis Patientsa

a The reactivity of a postpartum psychosis patient’s serum antibodies is shown using immunohistochemistry of rat brain (brown staining in panel A) and
cultured dissociated hippocampal neurons (green cell-surface neuronal labeling in panel C). The identity of the antigen is unknown. Panels B and D
show the lack of reactivity of serum from amatched postpartum healthy comparison subject. In panels C and D, the nuclei of the neurons are shown
with 4’,6-diamidino-2-phenylindole. In panels A–B, original magnification32 is shown, counterstained with hematoxylin. In panels C–D, a 100X oil
lens was used for immunofluorescence imaging.
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eating. On admission she reported, “I am bankrupt, and my
son is ill,” the reality of which was refuted by parallel his-
tory from the family. She was treated with lorazepam and
quetiapine, without therapeutic benefit. Two weeks after
admission,Mrs.V attempted suicide byhanging. Lithiumwas
added to her medication regimen. On the combination of
lorazepam, quetiapine, and lithium, she achieved full re-
mission of her symptoms after 65 days. She was discharged
home at 4months postpartum.Lithiumwas discontinued at 9
months postpartum according to our structured treatment
protocol, given the absence of any relapse episodes following
discharge (21). Four years after discharge, Mrs. V became
pregnant again and delivered a healthy daughter. She was
given prophylactic lithium immediately following the de-
livery of her daughter and remained stable throughout the
postpartumperiod.Over thepast 6 years of outpatient follow-
up since discharge, Mrs. V has remained in full remission.

Patient 4. “Mrs. M” is a 21-year-old primiparous primigravid
woman with no prior psychiatric history, who delivered
a healthy son after an unremarkable pregnancy. One week
after delivery, her husband noticed that shewas gettingmore
andmore depressed and anxious. At 2weeks postpartum, she
was involuntarily admitted to the Erasmus Medical Center.
Shewascrying and screaming that peoplewere followingher,
and she had auditory hallucinations. She was diagnosed with
postpartum psychosis with depressive features and treated
withbenzodiazepines andantipsychotics. Becauseof anemia,
ferrous fumarate was started. Within 2 weeks, her psychotic
and depressive symptomswere in remission, but shewas still
highly irritable. Upon her request, she was transferred to
a mother-baby unit in her own geographic region. Over the
past 12 months of outpatient follow-up since discharge, Mrs.
M has remained in full remission.

Patients 3 and 4 were diagnosed with “CNS disorders
associated with antibodies against unknown neuronal cell
surface antigens” through this research study. The target
antigen remains unknown. Monocyte gene expression and
T-cell data previously collected from these two patientswere
retrospectively analyzed (6). No difference in inflammatory
gene expression was observed in comparison with the other
first-onset postpartum psychosis patients examined in par-
allel. In contrast, patients 3 and 4 showed notable differences
in their lymphocyte counts. Natural killer cells were mod-
erately elevated in patients 3 and 4 (20.3% and 13.8%, re-
spectively) compared with the overall group with first-onset
postpartum psychosis (10.9% [SD=4.7%]) and postpartum
comparison subjects (8.8% [SD=3.4%]). Furthermore, we
previously showed that these patients exhibit a blunted
postpartum elevation of T-cells (74.4% [SD=8.4%]) com-
pared with healthy postpartum comparison subjects (81.1%
[SD=6.0%]) (6). Patients 3 and 4 had particularly low T-cell
counts (57.4% and 66.8%, respectively). In addition, per-
centages of CD4+CD25highFoxP3+ natural T-regulatory cells
were lower in patients 3 and 4 (1.5% and 1.6%, respectively)
comparedwithpostpartumpsychosispatientsandpostpartum

comparison subjects (2.1% [SD=0.61%] and 2.2% [SD=0.76%]).
Regulatory T-cells have a primary role inmaintaining tolerance
to self-antigens, for which T-regulatory cell deficiencies have
been increasingly associated with autoimmune disorders (23).

DISCUSSION

Out of 96 consecutive patients with postpartum psychosis
screened for CNS surface antibodies, four patients showed
neuronal cell surface antibodies suggestive for encephalitis
(4%). Two of these patients were identified as having anti-
NMDAreceptorencephalitis,while for theother twopatients
the antigen remains unknown. Notably, none of the 64
healthy postpartum comparison subjects had confirmed
neuronal surface antibodies.

Two patients (2%) out of the total cohort of 96 were
identified as anti-NMDA receptor antibody positive. Notably,
anti-NMDA receptor encephalitis was not initially consid-
ered during the acute clinical presentation because of the
absence of classical features of autoimmune encephalitis,
including seizures, decreased consciousness, dyskinesia, and
autonomic instability. Importantly, however, and only in
retrospect, it is notable that both of the patients with anti-
NMDA receptor antibody positivity had extrapyramidal
symptoms with only a low dose of haloperidol, a clinical sign
frequently seen among patients with autoimmune enceph-
alitis (personal observations by M.J.T. and J.D.).

Both patients recovered after treatment with lithium, and
remissionwas sustained, despite the absence of any steroid or
immunosuppressive treatment. In general, immunotherapy
and removal of an identified ovarian teratoma are the de-
finitive treatments for anti-NMDA receptor encephalitis,
both during the acute phase and for relapse prevention (24).
The effectiveness of this treatment strategy has been de-
scribed in the postpartum period (25–27). In contrast to
previous case reports of postpartum anti-NMDA receptor
encephalitis, our patients displayed only a fewof the classical
neurological symptoms. A partial, or attenuated, anti-NMDA
receptor encephalitis syndrome with predominantly psy-
chiatric symptoms and few, if any, classical neurological
features of anti-NMDA receptor encephalitis has been de-
scribed in approximately 4% of all patients with NMDA
encephalitis (28, 29).Moreover, some of these patientsmight
have antibodies with a distinct affinity and/or antigen loca-
tion within the NMDA receptor complex (13, 30). Lastly, the
dynamic immunological changes of the postpartum period
could also provide an explanation for the full recovery of both
patients without immunotherapy in the present study.

Two patients (N=2/96, 2%) showed neuronal cell surface
antibodies suggestive for encephalitis, but the corresponding
antigenhas remainedunknownafter comprehensive screening
with cell-based assays. Levels of antibodies were insufficient
to identify theantigen.Ourhope is thatwithongoing screening
of additional cases, we might find additional patients with
similar stainingpatterns andprovide an opportunity formore
sophisticated antigen identification approaches. In contrast
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to patients with anti-NMDA receptor encephalitis for
whom the estimated relapse risk is 15%, the relapse risks for
these two patients with unknown antigens remains un-
known. We intend to closely monitor all four patients
identified with cell surface antibody-associated CNS dis-
order and have advised them to contact us immediately if
they experience any remarkable neurological or psychiatric
symptoms.

Amajor caveat in CNS autoantibody testing has been false
positivity, as previously shown in patients with a presumed
diagnosis of schizophrenia who tested positive for NMDA
receptor antibodies using only cell-based assay screening
(31). Amonghealthy cohorts, anti-NMDAreceptor antibodies
can often be detected in serum using cell-based assays,
although IgG antibodies are rarely present (0.4%) (32).
Therefore, we previously recommended that detection of
serum antibodies to neuronal cell surface antigens, including
anti-NMDA receptor, should involve at least two of three
antigen-binding assays: 1) immunohistochemistry with rat
brain sections optimized for antigen presentation, 2) live
dissociated primary neuronal cultures, or 3) a recombinant
cell-based assay using transfected cells expressing the anti-
gen of interest or confirmation by CSF testing (10, 13, 14).
Accordingly, if a patient’s serum demonstrates autoantibody
positivity by cell-based assay, then at least one additional
assay should be performed to verify the result. Using this
confirmatory method, no false positives have yet been
identified by our group, together including over 10,000
samples (unpublishedobservations). In addition, thismethod
of confirmatory screening has also been shown to provide
significantly higher sensitivity for detecting CNS cell surface
antibodies (10, 33).

In the present study, CSF was not sampled at the time of
acute symptomonset, given the lack of any overt neurological
symptoms suggestive of classical anti-NMDA receptor en-
cephalitis.CSFhasbeenpreviously showntoprovide ahigher
sensitivity and specificity for detecting CNS autoantibodies,
and therefore our analysis using serum may underestimate
the frequency of autoimmune encephalitis in postpartum
psychosis (14). Importantly, however, all four patients with
positive immunohistochemistry labeling were confirmed
using liveneuron immunocytochemistry, therebyproving the
presence of an antibody binding to an extracellular antigen.

To date, systematic screening for anti-NMDA receptor
encephalitis in psychiatric case/control cohorts has been
reported infive studies. Zandi et al. (28) exclusively used cell-
based assay and concluded that three out of 46 schizophrenia
patients had GluN1 and/or GluN2 serum antibodies. Of these
patients, twohaddecreasedverbalfluency, and the remaining
third had antibody titers that would fall below the currently
accepted threshold for positivity (34). Three follow-up
studies did not confirm these findings using cell-based as-
say, among a total of 206 schizophrenia patients and 70 af-
fectivedisorderpatients, forwhichasubsetof80subjects also
tested negative by immunohistochemistry (32, 35, 36). In the
most recent study, IgG anti-GluN1 serum cell-based assay
positivity was reported in eight of 1,378 schizophrenia
patients (0.6%) and six of 310 affective disorder patients
(1.9%); however, no additional confirmatory antibody testing
or clinical follow-upwas performed (36). Taken together, the
current best evidence suggests that most patients with well-
established chronic psychiatric disorders are unlikely to have
anti-NMDA receptor encephalitis (24, 30).

Previous cohort studies of patients with anti-NMDA re-
ceptor encephalitis have shown that the majority of patients
were women (N=468/577, 81%; median age: 21 years) (24).
Furthermore, several case reports and a larger cohort study
described anti-NMDA receptor encephalitis in patients with
first-episode psychosis (29). Compared with chronic
patients, the likelihood of identifying carriers of CNS auto-
antibodies in patients with recent-onset severe psychiatric
symptomatology is expected to be higher, especially when
atypical psychiatric symptoms are present (29).

Compared with nonpuerperal psychosis, the character-
istics of women with postpartum psychosis likely increases
the a priori likelihood of NMDA receptor autoantibodies
because these patients are female, generally young, and have
first-onset episodes of atypical psychiatric symptoms, in-
cluding delirium-like symptoms. In addition, following de-
livery, there is a well-described period of rebound immune
activation, which has been widely implicated in the onset or
exacerbation of multiple autoimmune disorders (37). For
example, postpartum immune activation causes clinically
significant increases in thyroid peroxidase antibody levels,
with elevated rates of clinical thyroid dysfunction (38). The
postpartum period is also a well-established period of

TABLE 2. Characteristics of Four Patients With CNS Disorders Associated With Antibodies Against Neuronal Cell Surface Antigens

Patient Parity/Gravidity,
Pregnancy Outcome (Sex),
and Age CNS Antibody

Predominant Psychiatric
Symptoms Postpartum Treatment Episode (Days)

P1G1, healthy daughter, 31
years old

Anti-N-methyl-D-aspartate receptor Mania; delusions of grandeur;
bizarre behavior

Antipsychotic,
lithium

34

P3G3, healthy daughter, 25
years old

Anti-N-methyl-D-aspartate receptor Auditory hallucinations; paranoid
delusions

Antipsychotic,
lithium

30

P1G1, healthy son, 30 years
old

Unknown neuronal surface antibody Depression; delusions; visual
hallucinations; suicidal ideation

Antipsychotic,
lithium

65

P1G1, healthy son, 21 years
old

Unknown neuronal surface antibody Depression; auditory
hallucinations; paranoid

Antipsychotic 25
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substantially elevated risk for both first-onset and relapse
episodes of autoimmune CNS diseases, such as multiple
sclerosis (39). Accordingly, a similar mechanism could
underlie anti-NMDA receptor autoantibody pathogenesis
during the postpartum period.

Patients with anti-NMDA receptor encephalitis often
present with memory deficits, disorientation, and/or de-
creased consciousness. Furthermore, affective psychotic
symptoms are relatively common. Postpartum psychosis is
remarkable for having both features: an acute delirium-like
appearance and prominent affective symptoms. Additionally,
in the present study, bothwomenwith postpartum psychosis
and anti-NMDA receptor autoantibodies exhibited extra-
pyramidal symptoms with low-dose haloperidol, a clinical
response that is not particularly common among patients
with postpartum psychosis. Interestingly, in patients with
anti-NMDA receptor encephalitis, classical antipsychotics
such as haloperidol seem to result in a high incidence of
extrapyramidal symptoms, aswell as the exacerbationofmild
motor symptoms evident prior to antipsychotic treatment.
Accordingly, we acknowledge the possibility that subtle
neurological signs may have been unrecognized during the
acute phase of the illness. Taken together, the acute onset of
severe atypical psychiatric symptoms in young female
patients should raise the index of suspicion for anti-NMDA
receptor encephalitis, particularly when patients demon-
strate neurological symptoms, including extrapyramidal side
effects of low-dose antipsychotic treatment (40). Primary
screening for anti-NMDA receptor encephalitis is most op-
timal when performed using CSF. The problem of false
positives when using serum has been recently shown in
several studies (34, 41, 42), thereby emphasizing the im-
portanceof confirming serumcell-based assay resultswith an
independentmethodology (e.g., immunohistochemistrywith
brain sections and/or live cultured neurons) (33, 42).

In conclusion, we recommend NMDA receptor autoan-
tibody screening for all patients with the acute onset of
a severe psychiatric illness comorbid with neurological
symptoms, including seizures, decreased consciousness,
dyskinesia, or overt motor symptoms. Furthermore, anti-
NMDA receptor encephalitis should be considered within
the differential diagnosis for any patient with first-onset
psychosis or mania, especially if multiple risk factors are
present. The present study suggests that anti-NMDA

receptor autoantibody screening should be considered in
particular for patients with postpartum psychosis.
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