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N-methyl-D-aspartate receptor antibodies (NMDAR-Abs) can contribute to neurological relapse after herpes
simplex virus encephalitis (HSE). We describe a child with NMDAR-Ab encephalitis after HSE, which was
recognized and treated early. We discuss the case in the context of existing reports, and we propose a modified
immunotherapy strategy to minimize risk of viral reactivation.
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BACKGROUND

Herpes simplex virus (HSV) is a common cause of in-
fectious encephalitis in children [1, 2]with potentially dev-
astating consequences including severe developmental
impairment and neurodisability [3]. Intravenous (IV) aci-
clovir is a well established effective therapy [4]. The use
of adjunctive steroids is controversial; however, evidence
exists in support of potential benefit, suggesting a role of
inflammation in addition to direct viral effects in disease
pathogenesis [4].

Neurological relapse in theweeks ormonths after primary
HSV encephalitis (HSE) is well described in children and
adults (reviewed in [5]). In a subset of children presenting
with biphasic illness, the second stage is characterized by
predominant movement disorder but negative cerebrospi-
nal fluid (CSF) HSV polymerase chain reaction (PCR)
and stable brain magnetic resonance imaging (MRI) find-
ings [6]. Clinical characteristics of these children during re-
lapse resemble the acute stage of N-methyl-D-aspartate
receptor antibody (NMDAR-Ab) encephalitis (dyskinesia,
autonomic disturbance, seizures) [7, 8]. In recent studies, a

handful of predominantly pediatric cases of neurological
relapse after HSE were reported to be associated with
NMDAR-Abs [5, 9, 10].

In this study, we report a pediatric case in which
post-HSE NMDAR-Ab-associated relapse, characterized
by severe encephalopathy andmovement disorder, was rec-
ognized early. Immunomodulatory treatment was initiated
with the aim of limiting disease progression and optimizing
potential for neurorehabilitation.

CASE REPORT

A previously well, developmentally normal, 16-month-old
girl presented in Pakistan with lethargy and afebrile focal
seizures. After treatment with ceftriaxone and diazepam,
she was discharged on day 6 and given sodium valproate.
On day 7, she developed fever and additional focal seizures
involving the right arm. A computed tomography scan of
the brain demonstrated extensive right-sided infarction.
Intravenous aciclovir was commenced (at a suboptimal
daily dose of 750 mg/m2). Seizures were controlled with
phenytoin then phenobarbitone. She was intubated for
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neuroprotection, remaining ventilated for 6 days. On day
16, lumbar puncture revealed CSF protein 76 mg/dL and
12 white blood cell/μL (mononuclear) with positive
HSV-1 DNA PCR. An electroencephalogram (EEG) dem-
onstrated no epileptiform activity.
On day 21, on transfer to the United Kingdom for fur-

ther management, there was ongoing encephalopathy,
left hemiparesis, and evolving right-sided movement disor-
der. An MRI scan of the brain demonstrated extensive
right-sided encephalomalacia with complete destruction
of the parietal and temporal lobes (Figure 1A–C).
Aciclovir dose was optimized to 1500 mg/m2 per day.
Abnormal movements responded to trihexyphenidyl and
clonidine, until deterioration on day 45, with florid oro-
lingual and facial dyskinesia, dystonia, and right-sided
ballismus. Fever, marked developmental regression and
encephalopathy ensued. High titer NMDAR-Abs were
detected in serum (1:1000) and CSF (1:50), whereas
blood and CSF HSV PCRs were negative. Serum anti-
aquaporin 4, antimyelin oligodendrocyte glycoprotein,
and antidopamine D2 receptor antibodies were negative.
On day 55, EEG tests still did not show seizure activity
nor reported features of NMDAR-Ab encephalitis [11].
The patient completed 5 cycles of plasmapheresis be-

tween day 57 and day 61, with significant improvement
in movement disorder severity and a reduction in serum
NMDAR-Abs (1:200). An MRI scan on day 71 demon-
strated minimal parenchymal progression but persistent
leukoencephalopathy (Figure 1D–F). Dystonia and agi-
tation increased and a second cycle of plasmapheresis
was performed on days 86–90, with further clinical
improvement and reduction in serum antibody titer
to 1:20.
Five months after initial presentation, the patient is at

home and undergoing intensive neurorehabilitation. She
remains on suppressive oral aciclovir and a combination
of medications that prevent seizures and manage her move-
ment disorder. Right-sided dyskinesia and dystonia have
reduced; however, left hemiparesis persists. There is severe
global developmental impairment and she is fed through a
gastrostomy feeding tube. The main benefit from treatment
to date is improved awareness and social interaction, which
has optimized neurorehabilitation potential in the setting
of extensive acquired brain injury. Serum NMDAR-Abs
persist (1:100), whereas CSF is negative. Her clinical
course and relation with therapy and antibody levels is il-
lustrated in Figure 1G.
The NMDAR-Abs were tested using a cell-based assay in

routine clinical by the Clinical Neuroimmunology Service
at Oxford Radcliffe Hospital Trust. We investigated for
known single gene defects that predispose to HSE [12].

Functional UNC93B and Toll-like receptor 3 deficiencies
have been excluded. Results of further genetic investiga-
tions (whole exome sequencing) are pending. Abdominal
ultrasound excluded teratoma. Written consent was ob-
tained from parents of the study participant.

DISCUSSION

Early identification of clinical signs characteristic of
NMDAR-Ab encephalitis in this case allowed rapid target-
ed autoantibody testing. Immunotherapy was associated
with amelioration of severe neurological symptoms, opti-
mizing potential for neurorehabilitation. It also highlights
a need for increased awareness of the co-occurrence of
these 2 disorders and the importance of early recognition
and accurate characterization of cases and their response
to immunomodulatory therapy.

NMDAR-Ab encephalitis is a common cause of nonin-
fectious encephalitis in adults and children [1, 2, 4]. The as-
sociation between infection and brain autoimmunity such
as in NMDAR-Ab encephalitis has been recognized [13].
NMDAR-Ab production was reported in 13 of 44 (30%)
adults with HSE [14], suggesting a virus-specific and early
induction of antibodies, although it was unclear whether
any of these patients went on to develop neurological re-
lapse. Subsequently, 2 studies reported that neurological
relapse in children after HSE can be mediated by
NMDAR-Ab encephalitis [5, 9]. Because NMDAR-Ab en-
cephalitis was retrospectively diagnosed, stored samples
(particularly CSF) at time-point of relapse from these co-
horts, were often no longer available for testing. Early
blood and CSF samples from our patient were also unavail-
able. In 5 prospectively diagnosed patients (4 children)
with relapse post-HSE, NMDAR-Abs were identified.
Antibody synthesis started 1–4 weeks post-HSE, preceding
the neurological relapse [10]. Although predominantly re-
ported in children, an additional adult case has been re-
ported [15].

What is the mechanism by which HSV could result in an
autoimmune response to NMDAR? A process of molecu-
lar mimicry has been proposed. However, as in the case de-
scribed above, HSE is often associated with extensive
neuronal destruction. It is considered more likely that
loss of tolerance arises after HSV-mediated cellular damage,
resulting in neuronal cell surface antigens being presented in
such a way as to trigger an aberrant immune response [16].
This autoreactivity extends beyond NMDAR, to include
dopamine-2 receptor [9] and a range of other detected (but
unknown) neuronal surface targets [10]. It remains to be de-
termined whether central nervous system autoimmunity is
triggered in other infectious encephalitides.
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The identification of this autoimmune response in HSE
has significant therapeutic implications. Slow yet substan-
tial recovery is observed in the majority of cases of isolated
NMDAR-Ab encephalitis, 81% in a recently reported
large case series [7]. Aggressive immunotherapy with
second-line therapies such as cyclophosphamide and ritux-
imab in patients who remain symptomatic after failure of
first-line therapy (steroids, immunoglobulins, and plasma-
pheresis) incurs a higher chance of better recovery.
However, when NMDAR-Ab encephalitis and HSE
occur together, the precise contribution of each to the
neurological sequelae may be difficult to distinguish.
Nevertheless, the outcome of patients treated for
longer and with more immunotherapy appears to be better
[5]. In our case, when considering more aggressive

immunotherapy, the irreversible neuronal insult from
HSV and the risk of viral reactivation needed to be ba-
lanced with the recognized benefits from treating isolated
NMDAR-Ab encephalitis. Additional improvement ob-
served in children undergoing second-line immunotherapy
with isolated NMDAR-Ab encephalitis is modest. Data de-
rived from Figure S4 from reference [7] reveal that an addi-
tional 15% treated with second-line immunotherapy had a
modified Rankin Scale score of 3 and below. This result
should be considered in the context of established severe
neurodisability secondary to HSV primary insult, potential
for HSV reactivation and other severe infectious, and im-
munological complications of second-line agents such as
rituximab [17]. Immunotherapy regimens used in reported
cases of NMDAR-Ab encephalitis complicating HSE are

Figure 1. (A–F) Neuroimaging of patient with N-methyl-D-aspartate receptor antibody (NMDAR-Ab) encephalitis after herpes simplex virus encephalitis (HSE). Axial
T2 images on day 24 (A–C) demonstrates hyperintensity in frontoparietal (A), occipital (B), and temporal lobes (C), with evidence of profound atrophic changes in
corresponding regions, and widespread patchy white matter changes (arrows). Repeat neuroimaging on day 71 (E–F) reveals progressive atrophy in previously affected
regions with no evidence of new regions of parenchymal hyperintensity. The persisting white matter changes prompted further courses of plasmapheresis. (G) Graph
illustrating timeline correlating antibody levels, clinical syndromes, and therapy. (H) Proposed diagnostic and treatment algorithm for patients with neurological relapse
after HSE. CSF, cerebrospinal fluid; HSV, herpes simplex virus; IV, intravenous; IVIG, IV immunoglobulin; PCR, polymerase chain reaction; PLEX, plasmapheresis;
−, negative; +, positive.
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variable. The majority of patients received steroids with
1 or more of IV immunoglobulin (IVIG), plasmapheresis,
cyclophosphamide, cyclosporine, rituximab, or mycophe-
nolate mofetil [5, 9, 10, 15].We propose that when treating
potential HSE-triggered brain autoimmunity such as
NMDAR-Ab encephalitis, considerations should be given
to modifying treatment recommended for NMDAR-Ab en-
cephalitis previously proposed [13]. First, before initiation
of immunosuppressive therapy, ongoing HSV replication
should be excluded using CSF plus or minus blood HSV
PCR. Second, therapies with an established risk of HSV re-
activation (ie, high-dose steroids [18]) should be deferred
until after treatment with IVIG or plasmapheresis. Third,
empirical antiviral therapy (known to be effective in pre-
venting HSV reactivation in patients following haemato-
poietic stem cell transplant [19]) should be administered
conjunctly in patients undergoing immunotherapy.
Finally, regular surveillance for HSV reactivation using
blood/CSF PCR may be beneficial. The proposed diagnos-
tic and therapeutic pathway for patients presenting with
possible NMDAR-Ab encephalitis after HSE is summa-
rized in Figure 1H. This therapeutic strategy differs from
the algorithm recently proposed by Titulaer et al [20],
with an emphasis on concurrent suppressive aciclovir ther-
apy, monitoring HSV PCR and NMDAR-Ab, and post-
ponement of steroids to second-line therapy.
In conclusion, we have described a rare, yet severe possi-

ble complication of HSE. Accumulating case reports sup-
port the hypothesis that NMDAR-Abs contribute to
neurological relapse after HSE. In view of the infrequently
documented incidence of HSE-associated NMDAR-Ab en-
cephalitis, increased awareness, early recognition, and
carefully described prospective cohorts will help delineate
how best to optimize outcome using immunomodulatory
therapy when these 2 potentially devastating diseases com-
bine. Collaboration among pediatricians, neurologists,
and infectious disease specialists at the national and
international level will be required to unravel the complex
interaction between infection and autoimmune neuro-
inflammation and in delineating the communal and
disease-specific pathomechanisms.
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