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Introduction

Anti-N-methyl-d-aspartate receptor encephalitis 
(NMDARE), first identified in 2007, is an immune-medi-
ated neuroinflammatory disease and represents the pre-
dominant form of autoimmune encephalitis (Dalmau et 
al. 2019). Characterized by psychiatric disorders, cogni-
tive impairment, seizures, central hypoventilation, speech 
disturbances, and orofacial dyskinesia, NMDARE often 
manifests acutely or subacutely, predominantly affecting 
children and females of reproductive age, with an estimated 
incidence of 1.5 per 100,000 (Dalmau et al. 2018; Dalmau 
et al. 2019; Du et al. 2024). Diagnostic markers include 
antibodies against the GluN1 subunit of NMDAR, which 
induce crosslinking and internalization of the receptor, thus 
disrupting NMDAR-related synaptic transmission (Dal-
mau et al. 2019). Although tumors (especially ovarian tera-
toma) are established triggers, recent studies have identified 
infections, particularly viral, as significant postinfectious 
precipitants of NMDARE (Armangue et al. 2014). Herpes 
simplex virus type 2 (HSV2) from the Herpesviridae fam-
ily, a primary agent of neonatal meningitis characterized 
by fever, headache, and seizures (Bergström et al. 2021), 
is rarely associated with encephalitis in immunocompetent 
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Abstract
Herpes simplex virus-2 encephalitis (HSV2E) in immunocompetent adults is exceptionally rare, and the subsequent onset 
of autoimmune encephalitis after HSV2E is even less common. This report presents the inaugural Chinese case of anti-
N-methyl-d-aspartate receptor encephalitis (NMDARE) induced by HSV2E, confirmed via metagenomic next-generation 
sequencing (mNGS). The patient demonstrated a favorable response to intravenous immunoglobulin (IVIG) monotherapy. 
This case emphasizes the importance of considering autoimmune encephalitis in patients exhibiting new or recurrent neu-
rological symptoms after HSV2E recovery. Comprehensive mNGS and neuronal antibody testing are essential for timely 
diagnosis. Moreover, IVIG monotherapy can serve as an effective treatment for NMDARE induced by HSV2, providing 
a viable alternative, particularly when steroid therapy is contraindicated.
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adults. However, its link to NMDARE remains largely 
underexplored. This report documents the first Chinese case 
of NMDARE induced by HSV2 encephalitis (HSV2E), 
confirmed via metagenomic next-generation sequencing 
(mNGS). The case was distinguished by symptom recur-
rence and cerebrospinal fluid (CSF) anti-NMDAR antibod-
ies detected six weeks post-onset, with a favorable outcome 
following successive intravenous immunoglobulin (IVIG) 
treatment.

Case presentation

A 25-year-old female with no prior medical history pre-
sented acutely with fever, headache, nausea, vomiting, 
memory deficits, and hallucinations. Initially, neurological 
examination indicated drowsiness, disorientation, and neck 
rigidity.

A comprehensive laboratory workup, including complete 
blood count, biochemical profiles, tumor markers, a sys-
temic autoimmune panel, and infectious disease screening, 

revealed no significant abnormalities (Supplementary Table 
1). Imaging studies, including computed tomography (CT) 
of the chest and abdomen, and cardiac ultrasound, were all 
unremarkable. Magnetic resonance imaging (MRI) of the 
brain displayed asymmetrical hyperintensities in the bilat-
eral mesial temporal lobes on T2/fluid-attenuated inversion 
recovery (FLAIR) and diffusion-weighted imaging (DWI) 
(Fig.  1). CSF analysis showed elevated white blood cell 
(WBC) count (350 cells/µL; with 90% lymphocytes), high 
protein concentration (91.0  mg/dL), and normal glucose 
level. Bacterial cultures were negative. CSF mNGS was 
performed and only HSV2 was identified. Tests for neural 
antibodies were negative.

Given the diagnostic evidence, HSV2E was strongly 
indicated. The patient underwent intravenous acyclovir 
treatment (10 mg/kg every 8 h for 21 days). Following three 
weeks of antiviral therapy, psychiatric symptoms resolved, 
leaving only mild memory impairment. A follow-up CSF 
analysis showed a reduction in WBC count (90 cells/µL; 
98% lymphocytes) and protein level (48.0 mg/dL), with tests 

Fig. 1  Patient’s brain MRI. Axial brain magnetic resonance imaging 
(MRI) upon admission reveals T1-weighted hypointensities (A), T2/
fluid-attenuated inversion recovery (FLAIR) hyperintensities (B), and 
restricted diffusion on diffusion-weighted imaging (C) and apparent 
diffusion coefficient mapping (D) within the bilateral mesial temporal 

lobes, with greater prominence on the left side. A follow-up MRI con-
ducted six weeks after the initial presentation shows an expansion of 
the previous lesions. Axial T2/FLAIR images highlight the enlarged 
hyperintensities across the bilateral mesial temporal lobes, along with 
a new lesion in the left parietal lobe (E-F)
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for neuronal antibodies remaining negative. The patient was 
subsequently discharged.

Approximately six weeks post-HSV2E episode, the 
patient presented with prominent psychiatric symptoms 
and memory loss. A repeated MRI revealed increased T2/
FLAIR hyperintensities in the bilateral mesial temporal 
lobes and a new hyperintense lesion in the left parietal 
lobe (Fig. 1, E-F). Upon readmission, neurological exami-
nation identified cognitive deficits and spatial disorienta-
tion. CSF analysis was negative for HSV2 via mNGS but 
positive for anti-NMDAR antibodies through a cell-based 
assay. Screening for occult tumors yielded no findings. The 
diagnosis was updated to postinfectious NMDARE. Due 
to concerns about the side effects of corticosteroids, the 
patient received IVIG at 0.4  g/kg/d for five days, leading 
to gradual symptom improvement. Subsequently, monthly 
IVIG treatments at 0.4 g/kg/d for five days were adminis-
tered over six months. Eight months after initial onset, CSF 
analysis showed negative results for HSV2 via mNGS and 
absence of anti-NMDAR antibodies (Fig. 2). At the 3-year 
follow-up, the patient exhibited only mild memory impair-
ment, not significantly impacting daily activities. MRI scans 
indicated slight lesion improvement with evidence of partial 
encephalomalacia.

Discussion

The patient initially manifested acute neuropsychiatric 
symptoms, corroborated by neuroimaging and CSF find-
ings indicative of HSV2E. Following initial symptomatic 

improvement, the patient experienced severe psychiatric 
symptoms and cognitive decline. This deterioration was 
associated with radiological evidence of lesion enlargement 
on MRI, a positive anti-NMDAR antibody test, and a nega-
tive HSV2-mNGS result in the CSF, collectively suggest-
ing a diagnosis of post-HSV2E NMDARE rather than an 
HSV2E recurrence.

Previous studies indicate a correlation between postin-
fectious NMDARE and viral infections, with the median 
time from HSV (mainly HSV1) encephalitis to NMDARE 
onset being less than three months (Armangue et al. 2018; 
Nosadini et al. 2017). Increasing reports show adult serum/
CSF positivity for anti-NMDAR antibodies within 2 weeks 
post-HSV1 infection (Hu et al. 2021; Schein et al. 2017). 
The exact mechanisms underlying post-HSV encephali-
tis (HSVE) NMDARE remain undetermined. Proposed 
pathways involve molecular mimicry, antigen exposure, 
immune tolerance disruption, reduced toll-like receptor 
3 function, bystander activation, and genetic predisposi-
tions (Galli et al. 2017; Manglani et al. 2021). Notably, 
post-HSV2E NMDARE is rarely documented. HSV2 is 
more commonly linked with genital herpes and is prevalent 
among neonates and immunocompromised individuals (Le 
Doare et al. 2015; Bradshaw et al. 2016). In adults, HSV2 
CNS infections typically result in a milder herpes simplex 
meningitis, with most patients recovering within 2 weeks 
and exhibiting minimal or no neurological deficits (Miller 
et al. 2013). In contrast to HSV1 infections, which often 
result in severe encephalitis impacting the limbic system 
and temporal lobe, HSV2 infrequently causes encepha-
litis in adults, leading to minimal neuronal damage and 

Fig. 2  Clinical course timeline for the patient. A timeline depicting 
the key events in the patient’s clinical journey, including significant 
symptoms, CSF analysis, diagnoses, and treatments. CSF, cerebrospi-
nal fluid; D, day; HSV2E, herpes simplex virus 2 encephalitis; HSV-
mNGS, herpes simplex virus-metagenomics next-generation sequenc-

ing; IgG, immunoglobulin G; IVIG, intravenous immunoglobulin; 
M, month; ND, not done; NMDAR, N-methyl-D-aspartate receptor; 
NMDARE, anti-N-methyl-D-aspartate receptor encephalitis; Red bar 
indicates fever; green bar indicates psychiatric disorder; black bar indi-
cates cognitive deficits
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considered for NMDARE treatment post-HSV2E, particu-
larly when steroids are contraindicated.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s13365-
024-01228-5 .
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