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Abstract

Background and purpose—Anti-NMDA receptor encephalitis is an autoimmune disease 

mediated by IgG1 or IgG3 antibodies to the GluN1 subunit of the NMDAR, resulting in down-

regulation of NMDA receptors. Early diagnosis, prompt reduction of anti-NMDAR antibodies and 

removal of associated ovarian tumors when identified are important drivers of prognosis.

Materials and methods—Immunohistochemical studies were performed to evaluate B-cell, 

plasma cell, and T-cell infiltrates in the brain of a 3-year-old patient with anti-NMDA receptor 

encephalitis who failed to improve after plasma exchange and Rituximab treatment. Complement 

activation was evaluated by C4d staining.

Results—Plasma cells and B-cells were rarely detected in the brain. In contrast, persistent intra-

parenchymal infiltrates and perivascular CD3+ T-cells and evidence of complement activation 

were detected. Activated microglia and microglial nodules were also detected in the frontal lobes 

and basal ganglia.

Conclusion—The role of T-cells and complement activation should be investigated in patients 

who do not respond to plasma exchange and Rituximab treatment.
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INTRODUCTION

Since its discovery in 2007, over 600 worldwide cases of the autoimmune encephalitis 

disease associated with antibodies against the N-methyl-D-aspartate receptor (NMDAR) 

have been documented in the literature1–5. NMDAR autoimmune encephalitis (NMDAR-

AE) is the most common form of autoimmune encephalitis6–8, and is associated with a set of 

psychiatric and neurological symptoms with rapid onset9,10. Hospitalization of NMDAR-AE 

patients averages 3–4 months with mean recovery time following first-line treatment of 14 

months although 20–25% of patients will have a disease relapse11. Prognosis in NMDAR-

AE is dependent on early recognition, prompt reduction of anti-NMDAR antibodies, and 

removal of associated tumors when identified1,4.

The condition is often associated with CSF lymphocytic pleocytosis, olygoclonal bands, and 

a frequently unremarkable brain MRI12. High titer detection of IgG antibodies to the GluN1 

subunit of the NMDAR (also known as NR1) in serum or CSF confirms the diagnosis7, and 

high titers of CSF antibody in particular are associated with worse outcome3,11, most likely 

due the ability of the anti-NMDAR antibodies to cause a reversible decrease in NMDA 

receptors on neuronal surfaces13. Females with ovarian teratomas are highly susceptible to 

NMDAR-AE since the tumor contains a component of immature neural tissue expressing 

NMDA receptors, allowing the immune system access to this self-antigen without the 

protection of the blood brain barrier. Thus, removal of the teratoma is a first-line therapy in 

such cases. Glucocorticoids, intravenous immune globulin, and plasma exchange aimed at 

inhibiting the B-cell mediated immune response have also been used, but in cases where 

first-line treatment fails, Rituximab and cyclophosphamide have also been given12.

Histopathologic examination of post-mortem brain samples of NMDAR-AE cases have 

revealed microglial activation and perivascular B-cell and plasma cell infiltrates14. Rare 

perivascular and intra-parenchymal T-cells have also been reported, however, the role of T-

cells in the pathogenesis of this condition has not been investigated to date, particularly in 

cases that are refractory to treatment13,15. While IgG1 and IgG3 subtypes can potentially 

activate complement, it remains unknown whether complement activation plays a significant 

role in pathogenesis of NMDAR-AE, particularly in those cases that are refractory to 

treatment13.

In this case report, the NMDAR-AE patient failed to respond to standard therapy with 

plasma exchange and rituximab. At autopsy, CD20+ B cells were rare as expected since this 

patient had recently been treated with Rituximab, as were CD138+ plasma cells, but 

perivascular and parenchymal CD4+ and CD8+ T-cell infiltrates were persistently detected. 

Complement activation as detected by C4d staining was also evident. We conclude that the 

role of T-cells and complement activation in patients who don’t respond to standard 

treatment needs to be investigated in a larger cohort of NMDAR-AE cases.
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METHODS

Tissue selection

The whole brain was sectioned in the coronal plane after fixation in 20% formalin for a 

period of two weeks. Once sectioned, >20 brain regions were selected for H&E histology 

including gray and white matter from the bilateral frontal, temporal, parietal, and occipital 

lobes, bilateral basal ganglia, bilateral hippocampi, and brain stem, based on a modified 

protocol for pediatric autopsy at our institution.

Immunohistochemistry

Four micron thick sections of formalin-fixed, paraffin-embedded tissue underwent heat-

induced epitope retrieval using CC1 (Ventana Medical Systems, Inc., Tucson, Arizona, 

USA), a Tris-based buffer at pH 8–8.5, followed by IHC staining with rabbit monoclonal 

CD3 (Ventana), mouse monoclonal CD4 (Leica Biosystems, Ltd., Newcastle, United 

Kingdom), rabbit monoclonal CD8 (Ventana), mouse monoclonal CD20 (Ventana), mouse 

monoclonal CD68 (Dako, Carpinteria, CA, USA), mouse monoclonal CD138 (Dako), 

mouse monoclonal HLA-II (anti-HLA-DP, -DQ, -DR) (Dako), or mouse monoclonal C4d 

(Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Microscopy

Photographs were taken with a Nikon DS-Fi1-L2 microscope camera (Nikon Corporation, 

Melville, NY, USA) using ACT-1 software Version 2.63 (Nikon). Cell counts for CD4+ and 

CD8+ T-lymphocytes were performed manually from images of 10 identical regions of the 

bilateral frontal neocortex and basal ganglia.

CASE REPORT

This 3-year-old male child presented with a history of seizures, chorea and agitation 

prompting an MRI, which was read as normal. There was no reported history of a preceding 

flu-like illness11. Anti-NMDA receptor IgG was measured in both the serum and CSF at the 

time of presentation, demonstrating a titer of 1:2,560 and 1:160, respectively. Based on these 

serological findings, the patient was given a clinical diagnosis of anti-NMDA receptor 

autoimmune encephalitis.

The patient was treated with corticosteroids, plasma exchange and then Rituximab, with 

some improvement. However, his agitation and frequency of seizures worsened and he was 

admitted for further workup and further therapy. During the admission, the patient became 

pulseless and apneic and could not be resuscitated. At autopsy, the immediate cause of death 

was determined to be aspiration pneumonia.

Detailed examination of the brain at autopsy showed microglial activation and microglial 

nodule formation by CD68 and HLA-II (Figure 1A–C) that were particularly prominent in 

basal ganglia, as well as perivascular mononuclear cell infiltrates by H&E (Figures 2–3). 

GFAP showed astrocytes that were consistent with reactive gliosis (data not shown). 

Parenchyma near vessels within the basal ganglia were particularly inundated with 

mononuclear infiltrates by H&E (Figure 2A) which consisted primarily of CD3+ T cells 
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(Figure 2B). As expected, few CD20+ B cells (Figure 2C) were detected in this patient who 

had recently received Rituximab treatment. A thoracic lymph node from this patient also 

demonstrated prominent CD3+ T cells (Figure 2E), but few CD20+ B cells (Figure 2F) in 

comparison to lymph node tissue from a patient who had not been treated with Rituximab 

(Figure 2G and 2H). CD3+ T cells were also detected in the parenchyma of the frontal lobe 

(Figure 3B–C). B-cells (Figure 3D) and plasma cells (Figure 4) were very rare compared to 

previous reports. Both the basal ganglia and frontal lobe tissues displayed a CD4:CD8 T cell 

ratio of approximately 1:1 (Figure 5). C4d immunostaining highlights granular endothelial 

staining in small vessels of both the frontal lobe and basal ganglia (Figure 6).

DISCUSSION

NMDAR-AE is a recently defined entity that is increasingly diagnosed as the cause of 

immune-mediated encephalitis. Often occurring in patients with a teratoma or characterized 

by a preceding prodromal illness, early diagnosis and aggressive treatment with a first-line 

regimen of glucocorticoids, intravenous immune globulin, and plasma exchange and second-

line treatment of Rituximab or Cyclophosphamide, has a good prognosis in the vast majority 

of cases11. The main findings of this case report are microglial activation and nodule 

formation (Figure 1), low frequency of CD20+ B-cells, persistent parenchymal and 

perivascular CD3+ T-cell infiltrates (Figures 2, 3, and 5), and C4d complement activation in 

the frontal lobes and basal ganglia (Figure 6) in a patient who did not clinically respond to 

standard treatment.

Previous histopathologic studies demonstrated CD20+ B-cells dominate the perivascular and 

parenchymal infiltrates in brain tissue of NMDAR-AE patients13,15. In contrast, we observed 

a low frequency of CD20+ B-cells in the lymph node and brain tissue of the patient we 

report here. This was an expected finding since the patient in this case had recently received 

Rituximab treatment. Previous histopathogic studies also demonstrated that plasma cells 

which secrete antibody are also detected in the brain tissue of NMDAR-AE patients13,15. In 

contrast, we detected very few plasma cells in the brain tissue of the patient we report here. 

It is thought that activated CD20+ B-cells can cross the intact blood brain barrier and 

differentiate into plasma cells which produce antibodies that are detected in CSF, and persist 

for a prolonged period of time. It is possible that by depleting the CD20+ B cells, the plasma 

cell population was also reduced.

The patient in this study was treated with both Rituximab to deplete CD20+ B cells and 

plasma exchange to remove anti-NMDAR antibodies, and yet the patient failed to improve 

clinically. We did not test for anti-NMDAR antibody titer in the serum or CSF of this patient 

post-mortem, nor do we have a pre-treatment brain biopsy sample to establish whether 

CD20+ B cells dominated the patient’s mononuclear infiltrate population prior to treatment. 

However, we did observe that following Rituximab treatment, CD3+ T cells dominated the 

parenchymal mononuclear infiltrates within the brain of this patient. Complement activation 

near the capillaries of the parenchyma was also detected. These observations may suggest 

that CD3+ T cell infiltrates and complement activation may provide an alternative 

pathophysiological mechanism in NMDAR-AE patients that are refractory to plasma 

exchange and Rituximab treatment. Additional studies on the potential pathogenic role of 
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these T-cells as well as the contribution of complement activation in NMDAR-AE are 

needed.
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Figure 1. 
(A) H&E, (B) CD68, and (C) HLA-II immunostaining showing activated microglia (arrows) 

and a microglial nodule in the basal ganglia. All images taken at a total of 200× 

magnification, scale bar = 50μm.
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Figure 2. 
A basal ganglia vessel demonstrating residual perivascular T-lymphocyte cuffing after 

Rituximab therapy. (A) H&E section, (B) CD3 immunohistochemistry to detect perivascular 

T-cells, (C) CD20 immunohistochemistry to detect B-cells, and (D) CD68 

immunohistochemistry to detect histiocytes. As a control, a thoracic lymph node from the 

Rituximab-treated NMDAR-AE patient was used to detect the presence of (E) CD3-

immunopositive T-cells and (F) CD20-immunopositive B-cells as compared to a lymph node 

from a patient without Rituximab treatment (G–H). Images A–D are taken at a total of 100× 

magnification, images E–H are taken at a total magnification of 20×, all scale bars = 50μm.
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Figure 3. 
Frontal lobe parenchyma demonstrating perivascular CD3+ T-lymphocyte cuffing and 

parenchymal CD3+ T-lymphocyte infiltration. (A) H&E section, (B) CD3 

immunohistochemistry to detect T-cells, (C) CD3 immunohistochemistry at higher power, 

demonstrating T-cell morphology in the brain parenchyma (D) CD20 immunohistochemistry 

to detect B-cells, and (E) CD68 immunohistochemistry to detect histiocytes. Images A, B, 

D, and E are taken at a total of 40× magnification, image C is taken at a total of 200× 

magnification, all scale bars = 100μm.
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Figure 4. 
CD138-staining demonstrating rare plasma cells around vessels and in the parenchyma of 

(A) the basal ganglia and (B) frontal lobe. Arrows rare identify examples of CD138+ plasma 

cells. Pictures are taken at a total magnification of 100× (A) and 40× (B), scale bar = 50μm.
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Figure 5. 
T-cell immunohistochemistry in a frontal lobe blood vessel showing perivascular T-

lymphocyte cuffing with approximately equal distribution between (A) CD8 T-cells and (B) 
CD4 T-cells. All pictures taken at a total of 100× magnification, scale bar = 50μm.
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Figure 6. 
C4d immunohistochemistry showing complement deposition in the (A) frontal lobe and (B) 
basal ganglia. All images taken at a total of 100× magnification, scale bar = 50μm.
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