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ABSTRACT

We report a 3-year-old boy with anti-N-methyl-D-aspartate receptor (NMDAR)
encephalitis with a typical syndrome of movement disorder and encephalopathy and
evidence of herpes simplex virus (HSV) type 1 infection on brain biopsy. HSV type 1
infection and anti-NMDAR encephalitis are immunologically linked in some cases:
this case illustrates that prodromal HSV type-1 infection may be clinically subtle, and

easily missed.

INTRODUCTION

Anti-NMDAR encephalitis is a recently described autoimmune disorder of the central
nervous system (CNS) with a recognizable phenotype consisting of cognitive and
psychiatric features, movement disorder and progressively deteriorating
encephalopathy. It was first described as a paraneoplastic condition in a series of
young women with ovarian teratomas, but more recently has been described in
children, who are more likely than adults to have had a prodromal illness before
presentation and less likely to have an underlying tumor [1]. The outcome is generally
good especially if recognized and treated early with immunosuppressant medication
[1]. In this report we describe a child who had anti-NMDAR encephalitis with a
classical presentation and a good outcome but also had histological evidence of HSV

type 1 infection in neurons.

CASE REPORT

A previously well 3-year-old Caucasian boy presented with a 2 week change in
behavior, irritability and altered sleep pattern followed by difficulty swallowing,
drooling, encephalopathy and involuntary limb and facial movements. He had
developed a mild fever and coryzal symptoms just before admission. Four weeks
earlier he had a mild encephalopathy, consisting of lethargy and excessive sleepiness,
with vomiting lasting 3 days. The parents had sought medical attention, and he was
given a course of antibiotics for presumed tonsillitis but had apparently made a full
recovery. On admission, he was afebrile and encephalopathic with a Glasgow Coma

Scale (GCS) of 9 out of 15 with tachycardia, hyperhidrosis and excessive salivation.



He had evidence of right otitis externa but no other signs of infection. He had a florid
movement disorder characterized by orofacial dyskinesia and coarse writhing
movements of all 4 limbs. He was treated empirically with intravenous aciclovir (total
10 days) and ceftriaxone (total 7 days). His condition deteriorated rapidly over several
hours, with periods of agitation alternating with apneic episodes and reduced
conscious level with tachycardia and excessive salivation. He was intubated and

transferred to a pediatric intensive care unit.

Initial blood workup was normal and blood cultures were negative. Cerebrospinal
fluid (CSF) analysis demonstrated 12 white cells/mm? (100% lymphocytes), protein
58 mg/dL and glucose 450 mg/dL with CSF/plasma glucose ratio of 0.7. CSF
microscopy and culture and polymerase chain reaction (PCR) for HSV types 1 and 2,
enterovirus, echovirus and parechovirus were negative. Oligoclonal bands were
present in serum and CSF with additional bands in CSF, implying a systemic response
with an additional CNS restricted response. Magnetic resonance imaging (MRI) of the
brain showed evidence of T2 hyperintensity, diffusely involving the right temporal
lobe cortex with right hippocampal volume loss, and subtle hyperintensity involving
the left amygdala (Figure 14-C). Electroencephalography (EEG) demonstrated
generalized slowing, most marked over the right cerebral hemisphere, consistent with

encephalopathy, without epileptiform features.

A clinical diagnosis of anti-NMDAR encephalitis was made and 500 mg of
intravenous methylprednisolone was given once daily on days 5-7 of admission
followed by intravenous immunoglobulin (IVIg): total dose 2 g/Kg. He was extubated
after 5 days, but his conscious level continued to be reduced and the florid movement

disorder continued.

Given the unusual MRI findings, which were consistent with HSV type 1 encephalitis,
lesional brain and meningeal biopsies were performed on day 10 after admission
(Figure 1E-I). These showed a non-specific active chronic inflammation with
occasional polymorphonuclear cells, multinucleated giant cells and plasma cells,
scattered macrophages and lymphocytes in meninges, white and cortical type grey
matter consistent with meningoencephalitis. The brain parenchyma had a positive

PCR for HSV type 1, confirmed on repeat testing, and immunohistochemistry for



HSV type 1 showed occasional very faint cytoplasmic staining in neuronal-type cells
(Figure 17). Aciclovir was recommenced and given intravenously for a further 21
days. Anti-NMDAR antibodies (IgG) were subsequently reported to be highly
positive in serum and CSF. Voltage-gated potassium channel (VGKC) complex
antibodies, glutamic acid decarboxylase (GAD) antibodies and a panel of
onconeuronal antibodies were negative. Plasma exchange was commenced on day 12;
he received 15 single volume cycles without complications. On day 15, CSF
demonstrated 2 white cells/mm?, PCR for HSV type 1 was negative and anti-NMDAR
antibodies were negative. Anti-NMDAR serum antibodies were still present on day 15

at low levels but were negative at day 33.

Given the severity of his encephalitis, he took a 6 week tapering course of oral
prednisolone, infusions of cyclophosphamide every month for 6 months (cumulative
dose of 2250 mg/m?) and 2 rituximab cycles, given 6 months apart (1500 mg/kg/m?
given on 2 consecutive days, 2 weeks apart). A repeat MRI 8 months after
presentation revealed atrophy of the right medial temporal lobe with bilateral cerebral
parenchymal volume loss and post-biopsy subdural effusions (Figure 1D). He was
discharged after 4 months of neurorehabilitation having made a good recovery. At last
follow-up, 24 months after presentation, he had no residual physical neurological
disability. Formal neuropsychology has not been performed due to his young age but
the parents report that his understanding and expression of speech, sleep and behavior

are normal. Anti-NMDAR antibodies in serum remain negative.

DISCUSSION

There is increasing evidence of an association between HSV type 1 encephalitis and
the presence of anti-NMDAR antibodies. To date, 33 cases of HSV type 1
encephalitis in adults (n=18) and children (n=15) have been reported in close
temporal relationship to the identification of anti-NMDAR antibodies in the serum

and/or CSF [2-9] (Supplementary Table 1).

Several small case series and case reports have identified patients, primarily children,
with clinical relapse following proven HSV type 1 encephalitis. These relapses were

associated with development of movement disorders, not seen during the HSV



encephalitis, and anti-NMDAR antibodies in the serum, and in CSF when available
[3-9]. In 7 cases, sera and CSF from the original HSV encephalitis period were shown
to be negative for anti-NMDAR antibodies, demonstrating that these developed only

during relapse [5,6,7,9].

In another retrospective study, stored acute serum from a cohort of 44 adults
diagnosed with HSV type 1 encephalitis (CSF PCR positive), were tested for anti-
NMDAR antibodies [2]. None had clinical features suggestive of anti-NMDAR
encephalitis, but 13 had anti-NMDAR antibodies with a mixture of IgA, IgM and IgG
classes. All the anti-NMDAR antibody positive patients had extensive temporal lobe
hyperintensity on MRI imaging in keeping with the typical appearances of HSV type

1 encephalitis, and additional imaging features were not reported.

Our patient differs from those in previous reports as he did not have features of severe
clinical HSV type 1 encephalitis initially. Also, the CSF PCR for HSV type 1 was
negative throughout the time of hospitalisation, although no lumbar puncture was
undertaken during his initial mild encephalopathy. Nevertheless, PCR of the
parenchyma of the temporal lobe lesion was positive for HSV type 1, 25 days from
onset of symptoms and there was histological evidence of infection within some of
the neurons. Given his age, it seems likely that this was a primary infection, possibly

occurring during his earlier mild encephalopathy.

The temporal lobe changes seen on the MRI, including hippocampal volume loss, are
also consistent with a previous HSV infection with residual damage. MRI findings in
anti-NMDAR encephalitis are usually less florid (or normal) and include
abnormalities in the medial temporal lobes or less frequently in the thalamus or
occipital cortex [10]. Therefore, the evidence of bilateral medial temporal lobe
involvement in addition to right-sided diffuse temporal lobe involvement in this case
is an important finding that supports features of both HSV type 1 and anti-NMDAR

encephalitis.

Our patient had a mild and brief encephalopathy 4 weeks prior to presentation; we
therefore hypothesize that he had mild HSV type 1 encephalitis at this point but by

admission he was displaying a secondary anti-NMDAR encephalitis syndrome. The



clinical features of HSV type 1 infection may have been less severe because the non-
dominant temporal lobe was most affected. The response to immunotherapy observed,
and the correlation between the fall in anti-NMDAR antibody titres and clinical
improvement, suggest that the pathological process at the time of presentation was

primarily antibody mediated rather than as a result of viral infection.

The mechanism by which viral infection leads to the production of autoantibodies is
not clear. Inflammation and viral neuronal lysis caused by HSV type 1 infection may
result in the exposure of neuronal surface proteins, leading to antibody production
directed against antigens to which tolerance is normally preserved [7]. Alternatively, a
process of molecular mimicry between virus-associated antigens and the NMDA
receptor may occur [2]. However, the existence of other infections co-incident with
anti-NMDAR encephalitis, such as adenovirus identified in the CSF of one child,
argues against specific molecular mimicry involving HSV type 1 [3]. Further studies
are needed to characterize the role of anti-NMDAR antibodies in HSV type 1
encephalitis, as well as to establish the prevalence of active infection with HSV type 1

or other viruses in patients with anti-NMDAR encephalitis.

Our findings suggest that some patients with anti-NMDAR encephalitis may have had
a preceding subtle HSV type 1 infection which may be the precipitant for an
autoimmune process, and that more cases of anti-NMDAR encephalitis may be

associated with HSV type 1 than currently recognised using CSF PCR only.
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FIGURE LEGENDS
Figure 1.

A-C, T2 weighted coronal (4,B) and axial (C) MRI images from 3-year-old child
taken on day 3 after presentation with anti-NMDAR encephalitis showing T2
hyperintensity involving the right temporal lobe cortex (white arrows) including the
hippocampus which demonstrates volume loss (open arrow). Focal T2 hyperintensity
is seen within the left amygdala (black arrows). D, coronal MRI image from 8 months
after presentation showing atrophy of the right temporal lobe (arrow) with bilateral
cerebral parenchymal volume loss and associated subdural effusions. The larger right

sided subdural effusion is evident (arrow heads).

E-I, images of meningeal biopsy (E-F) and brain biopsy (G-H) from day 10 after
presentation, E-H, stained with hematoxylin and eosin, showing active chronic
inflammation with an occasional multinucleated giant cell. 7, HSV type 1
immunohistochemistry (Dako HSV1 antibody B0114, dilution 1:2000) showing an
occasional neuronal type cell with very faint cytoplasmic staining. Bars represent 100

um for £ and G; 20 um for F, H and /.

Supplementary Table 1.

Review of 33 patients with HSV type 1 encephalitis (PCR positive in CSF) with
associated anti-NMDAR serum antibodies.

D, days; Mo, months; Y, years; M, male; F, female; NMDAR, N-methyl-D-aspartate
receptor; CSF, cerebrospinal fluid; N/A, not available; HSV, herpes simplex virus;
MP, methylprednisolone; IVIg, intravenous immunoglobulin; Cycloph,
cyclophosphamide; Cyclosp, cyclosporine; PLEX, plasma exchange; MMF,

mycophenolate mofetil; Ritux, rituximab; Pred, prednisolone.
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