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Summary

Background: Autoimmune encephalitis after herpes simplex virus encephalitis (HSVE-AE) 

represents the intersection of central nervous system infection and autoimmunity. Defining the 

phenotype and the safety and effectiveness of immunotherapy in HSVE-AE would help identify 

immunotherapy candidates, optimise therapeutic strategies, and improve patient outcomes.

Methods: We systematically searched Embase, Medline, PubMed, and Web of Science (2007–

2024) for cases meeting consensus criteria for AE after confirmed HSVE. Demographics, 

phenotype, treatment and outcome data were extracted. Dimensionality reduction, network 

analysis, and multivariate logistic regression was used to explore age- and diagnosis-specific 

patterns and outcome predictors.

Results: From 2259 articles screened, 78 studies (225 patients) were included (median age 7.25 

years; 52.9% female). Children (0–12 years) experienced more seizures during HSVE (p=0.003) 

and movement disorders during AE (p < 0.001). Older patients (> 12 years) had more headaches 

during HSVE (p=0.003), and speech dysfunction (p=0.02) and neuropsychiatric symptoms 

(p=0.02) during AE. HSVE-AE (89.3% N-methyl-D-aspartate receptor-antibody encephalitis 

[NMDAR-AbE]) differed significantly from a canonical NMDAR-AbE cohort (n=1550) in 

clinical, paraclinical and outcome domains.

Poor outcomes were linked to infant and older adult age, neuropsychiatric symptoms, and AE-

phase mRS > 4. Rituximab independently predicted better outcomes. Disability improved over 

time (p < 0.001), with adverse event rates comparable to NMDAR-AbE.

Conclusions and relevance: This meta-analysis defines novel age-specific HSVE-AE 

features, outcome predictors, and confirms the safety and improved outcomes of HSVE-AE after 

immunotherapy.

Keywords

Herpes simplex virus encephalitis; Infectious encephalitis; Autoimmune encephalitis; NMDA 
receptor-antibody encephalitis; Neuroimmunology; Immunotherapy

Introduction

The global health burden of infection with herpes simplex virus (HSV) is high: there are an 

estimated 3.8 billion individuals under the age of 50 (64%) and 520 million aged 15–49 who 

have acquired HSV-1 and HSV-2, respectively.1,2 The World Health Organisation estimated 

104,000 deaths were attributed to encephalitis in 2016, with herpes simplex virus (HSV) as 

the leading cause of infectious encephalitis in industrialised countries.3 HSV encephalitis 

(HSVE) results in inexorable central nervous system (CNS) inflammation with attendant 

significant neurological impairment. Since the introduction of acyclovir half a century ago, 

the mortality rate of HSVE has reduced substantially from 70% to 10%.4 Nevertheless, 

almost half of survivors exhibit moderate-to-severe disability, with fewer than 20% able to 

resume employment, underscoring the substantial socioeconomic burden of this disease.5

Building upon original clinical observations of choreoathetosis emerging months after 

HSVE,6 a retrospective study screened patients for the presence of N-methyl-D-aspartate 
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receptor (NMDAR) antibodies and identified their presence in 30%.7 Subsequently, several 

groups reported patients with clinical features compatible with bona fide autoimmune 

encephalitis (AE) after HSVE (HSVE-AE), which is now thought to emerge in around 

25% of cases.8–11 The emergence of pathogenic neuroglial surface autoantibodies (NSAbs) 

in HSVE-AE – most often targeting NMDAR – highlights a convergence between 

central nervous system (CNS) infection and autoimmunity.7,12 This recent observation has 

implications for tolerance breakdown and autoimmunisation against CNS antigens.

Importantly, it suggests that immunotherapy, rather than antiviral treatments, is beneficial 

in HSVE-AE. Indeed, reports from several cohorts have demonstrated improvements 

in outcomes following immunotherapy.11,13–16 Similarly, outcomes following the use of 

adjunct intravenous dexamethasone (10 mg QDS for 4 days) are being investigated in the 

DexEnceph multi-centre randomised control trial (ISRCTN11774734) for all cases of acute 

HSVE; a treatment which may provide protection against later development of AE. The trial 

has subsequently completed recruitment, and results are anticipated soon.

To assess the clinical spectrum and treatment in HSVE-AE, we conducted a systematic 

review and meta-analysis of all published cases to comprehensively profile its phenotypic 

complexity, outcome predictors, and the safety and efficacy of immunotherapy. Moreover, 

we used data derived from a previous meta-analysis assessing the outcomes and safety of 

immunotherapy following non-HSVE-associated NMDAR-antibody encephalitis (NMDAR-

AbE) as a comparator cohort to identify clinically relevant differences.17 Through this 

comparative approach, we aimed to delineate clinically important differences between 

HSVE-AE and non-HSVE NMDAR-AbE, providing a detailed novel clinical profile, 

and guiding tailored HSVE-AE-specific therapeutic strategies to facilitate immunotherapy 

decisions.

Methods

Search strategy

A systematic review and meta-analysis were undertaken in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses statement (PRISMA) 

guidelines. Searches for individual patient-level data were conducted in Ovid Embase, 

Medline, PubMed and Web of Science, using the terms ‘herpes simplex’, ‘encephalitis’, 

‘HSVE’ and ‘HSE’ (see Supplementary Methods for further details). Reference lists and 

review articles were evaluated to find other relevant cohorts not identified in the databases. 

The search was not limited by age, gender, race or ethnicity. Studies published between 

January 1, 2007, and Sep 1, 2024, were included. Eligible studies involved confirmed HSVE 

defined by phenotypic compatibility and evidence of HSV-1 or HSV-2 in the cerebrospinal 

fluid (CSF) or brain tissue, confirmed by PCR or immunohistology confirmation. AE and 

NMDAR-AbE were defined using the Graus criteria in the presence of new or worsening 

of pre-existing CNS symptoms for longer than 24 h.18 Two reviewers (JC and RC) assessed 

cases with disagreements resolved by a third (AEH). Data extraction was conducted using a 

comprehensive data extraction form, which included demographics, phenotype, treatment, 

and outcomes during both HSVE and AE clinical phases. Authors from manuscripts 

reporting potential cases for inclusion were contacted, where missing data were identified to 
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obtain the relevant raw dataset (Tables S9 & 10). Raw data from the landmark canonical 

NMDAR-AbE meta-analysis were provided by the corresponding authors for detailed 

univariate analyses.17 The review protocol was prospectively registered with PROSPERO 

(CRD42024522232).

Outcomes of interest

The primary outcome was the modified Rankin Scale (mRS) score, with poor outcome 

defined as an mRS of > 2. The mRS was modified for the paediatric cohort, in accordance 

with an adapted version from Bigi et al.19 Secondary outcomes included neuropsychiatric 

sequelae, seizures, anti-seizure medication use, HSV recurrence defined by the reemergence 

in the CSF and immunotherapy-associated adverse events.

Statistical analysis

To analyse the spread of complex phenotypic data in two-dimensional space, dimensionality 

reduction was performed using ‘FactoMineR’ and ‘Factoextra’, including all variables 

reported in ≥80% of cases. Initial age group clustering was guided by the spread 

of the data dictated through the ‘quantile’ function in base R (Fig. 1A). Detailed 

inter-relationship analysis of the clinical and paraclinical features was presented in a 

network plot using ‘igraph’. Similar to previous methods,20 variables with > 10% the 

frequency of the maximally observed feature were included. We compared symptom 

network properties between age groups using the ‘NetworkComparr’ package, applying 

a non-parametric permutation-based test (10,000 iterations) to assess group differences in 

centrality (closeness, betweenness, strength, and expected influence).

Multivariate logistic regression was used to predict outcomes (favourable: mRS 0–2 vs. 

poor mRS > 2). To prepare the data, except for outcomes which were unimputed, a 10% K-

nearest neighbour imputation method was used and predictor variables with > 10% missing 

data were excluded leaving 15 individual predictor variables and reducing the final set of 

observations to 154. Backward stepwise regression using the Akaike Information Criterion 

was employed and multicollinearity was assessed using a Variance Inflation Factor. A 20–80 

test-and-train split was used to evaluate the performance of the model. Odds ratios and 95% 

confidence intervals were extracted from the coefficients of the final model.

Sensitivity analyses were undertaken to address the impact of missing data and the inclusion 

of Armangue et al.11 which included non-random data missingness (supplementary figure 

3). A risk of bias assessment was performed using the JBI critical appraisal tool 

(supplementary tables 9 and 10).21

Chi-squared and Mann-Whitney U tests were used for categorical and continuous 

variables, respectively. Benjamini-Hochberg corrections were applied for tests with multiple 

comparisons to reduce the probability of type I errors. Spearman’s rank correlation 

coefficients were calculated for correlative analyses. Statistically significant values were 

defined as p-values < 0.05 and denotated as < 0.05*, < 0.01** and < 0.001***. Analyses 

were undertaken in R (version 2024.09.0+375) and Microsoft Excel (version 16.90.2).
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Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all 

the data in the study. All authors had final responsibility for the decision to submit for 

publication.

Results

From 2259 screened articles across 4 databases, we included data from 78 studies (225 

patients) (Fig. 1; Tables S1-10). The median age was 7.25 years (IQR 43 years) with 52.9% 

(117/221) females. The median time from HSVE diagnosis to AE onset was 28 days (IQR 

23 days). There were associated tumours identified in 3 (3.7%, [3/81]) patients: 2 involving 

the nervous system – paraclinoid meningioma and optic nerve tumour – and the third with 

thymic hyperplasia.

During their index HSVE illness, most patients (52.3%, [57/109]) had extensive 

supratentorial inflammation on MRI with 3 or more brain lobar involvement. CSF often 

showed a pleocytosis (90.9%, [97/103]) with elevated protein (66.7%, [97/103]) and red 

blood cell counts (66.7%, [26/39]). During the AE illness, electroencephalogram (EEG) was 

frequently abnormal (86.8% [79/91]) with predominant focal or diffuse slow-wave activity. 

CSF pleocytosis was found in 90% (117/130) with elevated protein in 52% (65/125), but 

few oligoclonal bands (19.4%, [21/108]). HSV was detected in 16.6% (32/193) of CSF 

samples during the AE phase. Additional MRI-brain T2 and/or FLAIR hyperintensities were 

identified in 91.5% (118/129) with frequent reports of new contrast enhancement (44/76, 

[57.8%]).

Most patients became positive for NMDAR antibodies (89.3%, [201/225]) with 22.6% 

(31/137) demonstrating evidence of other CNS autoantibodies alone or in combination 

with NMDAR antibodies. Other autoantibodies included: contactin-associated protein-like 

2 (CASPR2), leucine-rich glioma-inactivated 1 (LGI1), glutamic acid decarboxylase 

(GAD), myelin oligodendrocyte glycoprotein (MOG), gamma-aminobutyric acid A 

receptor (GABAAR), GABABR, alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 

acid receptors (AMPAR), glial fibrillary acidic protein (GFAP), metabotropic gluta-mate 

receptor 5 (mGluR5), and dopamine 2 receptor, as well as antibodies directed against 

unknown antigenic targets.

Most patients received immunotherapy (90.7%) with a median time to treatment from 

AE onset of 9 days (IQR 24 days) and a median time from AE onset to last 

follow-up of 12 months (IQR 18 months). First-line immunotherapy was administered 

in 90.2% (203/225), which included: corticosteroids (80.9%, [182/225]); intravenous 

immunoglobulins (63.1%, [142/225]); plasma exchange (76%, [171/225]). Second-line 

immunotherapy was administered in 45.8% ([103/225]) of patients: rituximab (RTX) 

(42.2%, [95/225]) and cyclophosphamide (13.8%, [31/225]). There was no significant 

difference in time to first- and second-line immunotherapy during the AE illness between 

HSV CSF PCR positive and negative cohorts (p=0.92).
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Other medical treatments administered during HSVE-AE included anti-seizure medications 

(61.5%, [80/130]), acyclovir (57.4%, [81/141]), antipsychotics (29.5%, [33/112]), and 

medications to ameliorate movement disorders (13.5%, [15/111]) and dysautonomias (7.1%, 

[7/98].

Dimensionality reduction of all clinical features into two dimensions identified maximal 

phenotypic heterogeneity between 0–12 and > 12 years (Fig. 2A-B; Fig. S1). In HSVE, 

seizures were more frequently observed in the younger cohort (χ2 =10.8; p = 0.003) whereas 

more headaches were observed > 12 years (χ2 = 11.8; p = 0.003) (Fig. 1C). Within 

the younger 0–12-year cohort, AE presented more frequently with movement disorders 

(χ2=14.2; p < 0.001) whereas > 12-year-olds experienced more neuropsychiatric symptoms 

(χ2 = 7.1; p = 0.05) and speech dysfunction (χ2 = 6.6; p = 0.02) (Fig. 2C). NMDAR 

antibodies were more prevalent in the 0–12-year-old group (χ2 = 10.2; p = 0.003) and other 

NSAbs were most prominent > 12-years-old (χ2 = 9.14; p = 0.005).

Age-specific network structures identified unique age group-specific clusters interlinking 

multiple clinical and paraclinical factors (Fig. 2D). In the 0–12-year cohort, HSVE-

associated fever and seizures, and AE-associated MRI-brain abnormalities (new signal and 

≥3 lobe involvement) demonstrate high frequency and centrality. Raised CSF red blood cell 

count in HSVE interconnected strongly with brain necrosis during AE; dominant thalamic 

involvement in HSVE with seizures in AE; and ≥3 lobe involvement in HSVE were linked 

with necrotic brain changes and epileptiform EEG abnormalities during AE. In the > 12-year 

cohort, HSVE phases were characterised by central features of encephalopathy and CSF 

pleocytosis and raised protein. During the AE phase, neuropsychiatric symptoms, speech 

dysfunction, raised CSF protein, and new MRI-brain signal were most central. In contrast to 

the 0–12-year cohort, interconnectedness between HSVE and AE phases in this older cohort 

was less pronounced. Overall, relevant HSVE and HSVE-AE clinical symptoms are shared 

amongst all age groups. However, the centrality of the HSVE-AE clinical and paraclinical 

networks is clearly distinct (Table S11).

To assess for HSVE-AE-specific features (n=225; 89.3%, [201/225] NMDAR-AbE), we 

compared this cohort to a non-HSV-associated NMDAR-AbE cohort17 (n=1550) (Table 1, 

S1–4 and 6). We found that HSVE-AE patients were typically younger (median age 7.25 

versus 20 years; p < 0.001) with a less marked sex ratio (52.9% female versus 73.3%; χ2 

=38.5; p < 0.001). HSVE-AE patients appeared to experience fewer severe presentations: 

seizures (40.9% versus 68.3%; χ2 =62.3; p < 0.001), decreased consciousness (36% versus 

55.4%; χ2 = 28.6; p < 0.001) and autonomic dysregulation (24.7% versus 43.2%; χ2 =26.7; 

p < 0.001) were all significantly lower than the non-HSVE-associated NMDAR-AbE cohort.

CSF was more frequently cellular (80.3% versus 67.8%; χ2 =8.2; p=0.01) with elevated 

protein (52% versus 21.6%; χ2 =53; p < 0.001) in HSVE-AE but CSF-restricted oligoclonal 

bands were more frequent in NMDAR-AbE (62.6% versus 19.4%; χ2 =62.0; p < 0.001). 

EEG abnormalities were comparable between both cohorts, with focal or diffuse slow waves 

being the predominant features and extreme delta brush observed in 6% (5/84). Fewer 

associated neoplasms were identified in HSVE-AE patients (3.7% versus 25.6%; χ2 =19.8; 

p < 0.001).
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Immunotherapy paradigms were similar except for more frequent use of plasma exchange 

(PLEX) in traditional NMDAR-antibody encephalitis (33.7% versus 24% in HSVE-AE; 

χ2 =8.45; p=0.01). Unexpectedly, a higher proportion of patients were administered 

immunotherapy within 30 days (78.7% versus 59.8%; χ2 =38.5 p < 0.001) in the HSVE-

AE cohort. There were no differences in immunotherapy commencement between HSV 

CSF PCR positive versus negative patients (Table S5). Rituximab (RTX) was used more 

commonly and promptly in HSVE-AE (42.6% versus 24.5%; χ2 = 33; p < 0.001; with 62% 

versus 13.1% given within 30 days; χ2 = 45.2; p < 0.001). Overall, outcomes were worse 

with HSVE-AE than canonical NMDAR-AbE (median mRS 3 versus 2; p < 0.001) but with 

lower mortality (1.4% versus 6.3%; χ2 = 8.71; p=0.009).

We included 154 patients in the final regression model to predict overall outcomes defined 

as favourable (mRS 0–2) or poor (mRS > 2) (Fig. 3; Fig. S2). Demographic predictors of 

follow-up mRS-defined poor outcomes paralleled findings from traditional NMDAR-AbE 

including infancy (0–2 years) (OR 9.4, 95% CI: 3.77–23.41; p < 0.001) and age > 65 years 

(OR 4.24, 95% CI: 1.23–14.61; p=0.02). Clinical features associated with poor outcomes 

included neuropsychiatric symptoms in the HSVE-AE phase (OR 2.92, 95% CI: 1.08–7.86; 

p=0.03) and peak disability mRS > 4 at HSVE-AE disease nadir (OR 2.51, 95% CI: 1.15–

5.48; p=0.02). The only factor associated with improved outcomes was use of the B-cell 

depleting medication, RTX (OR 0.44, 95% CI: 0.19–0.98; p=0.04; Fig. S2A-C). The model 

performed with a 73% accuracy and an area under the curve (AUC) of 0.76. Results from the 

other regression models, including this dataset without imputation and the full dataset, are 

shown in Fig. S2.

We further assessed treatment and outcome trends across the entire cohort. Treatment 

paradigms varied over time from the first confirmed publications in 2013, with more 

pronounced fluctuations focussing around the COVID-19 pandemic epoch. Strikingly, 

cyclophosphamide was administered to patients less frequently, whereas RTX usage 

increased across the COVID-19 pandemic. PLEX usage also reduced in frequency around 

the pandemic, whereas steroid and IVIg administration remained broadly the same. Despite 

evolving immunotherapy strategies, mRS-defined outcomes remained relatively stable (Fig. 

4A).

Overall, patients proportionately improved from a median peak admission AE mRS of 5 

(IQR 1) to 3 at last follow-up (IQR 2; χ2 = 183.4 p < 0.001; Fig. 4B). There were age-

dependent differences in outcomes (Fig. 4C): follow-up mRS was higher in 0–12-year-olds 

than those > 12-year-old (χ2 = 19.9, p < 0.001; Fig. 4C) with this cohort experiencing 

increased rates of epilepsy (χ2 =11.4; p=0.002 and motor deficits (χ2 =24.4; p < 0.001). 

Cognitive (74.3%, [153/206]) and motor problems (32.1%, [65/203]) were the principal 

drivers of long-term disability (Fig. 4D). In contrast to canonical NMDAR-AbE, while 

significantly poorer outcomes did correlate independently with longer time-to-treatment 

(p=0.04; Fig. S3A&B), this did not reach significance in multivariate regression analysis 

(OR 1.77, CI: 0.44–7.1; Fig. S3C).

Immunotherapy-associated adverse events were comparable to canonical NMDAR-AbE 

(3.3% versus 3.8%, respectively; χ2 =0.1; p=0.8), which included hospital acquired 
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infections, vascular events, haemodynamic instability secondary to PLEX and one case 

of diabetes insipidus (Tables S1, S8). One patient treated with steroids died from bowel 

ischaemia due to thrombosis of the mesenteric artery.

Discussion

This comprehensive systematic review and meta-analysis makes several observations about 

the recently described phenomena of HSVE-AE.11 We found that a 12-year age cut-off 

was a key determinant of phenotypic heterogeneity, highlighted key clinical and paraclinical 

differences compared to traditional NMDAR-AbE, identified features associated with poor 

outcomes (extremes of ages [0–2, and > 65 years], peak disability and neuropsychiatric 

symptoms) or good outcomes (RTX), and demonstrated that immunotherapy was associated 

with few adverse events.

The emergence of maximal phenotypic heterogeneity at 12 years represents a watershed 

for age-dependent clinical trajectories in HSVE-AE, signifying junctures in disease 

progression and response to treatment. For instance, seizures and movement disorders 

are more frequent in the younger cohort, whereas neurobehavioural, headache and speech 

dysfunction symptoms are more salient clinical hallmarks in those > 12 years. This finding 

substantiates a smaller cohort study reviewing differences between adults and teenagers 

with younger children.22 Importantly, many clinical features frequently observed in the 

> 12-year cohort, assumed to be naturally higher than the younger cohort, were not 

solely responsible for maintaining this phenotypic dichotomy. Moreover, additional network 

structures incorporating paraclinical data demonstrated age-specific differences of additional 

clinical utility: new MRI-brain necrosis during AE central to 0–12-year group; AE-phase 

encephalopathy, speech dysfunction, raised CSF protein, epileptiform abnormalities on EEG 

central to > 12-year group; and severe brain inflammation affecting ≥3 brain lobes and new 

T2/FLAIR hyperintensities central to both cohorts.

Further phenotypic granularity is provided through comparison with a large dataset of 

non-HSVE-associated NMDAR-AbE. This broadly reveals a less fulminant NMDAR-AbE 

presentation in HSVE-associated disease and a lower associated mortality. However, 

disability was higher in HSVE-AE, although it was challenging to determine the 

contribution of HSVE or AE to the final outcomes. Neoplasms were rarely identified 

in patients with HSVE-AE; however, notably, two of the three affected individuals had 

neoplasms involving the nervous system. It could be speculated that local malignancies 

could facilitate a dysregulated local inflammatory milieu, predisposing certain individuals 

to acquisition of HSVE and/or later AE – an observation requiring continued vigilance 

and analysis in larger future cohorts. Finally, time-to-immunotherapy was expedited in the 

HSVE-AE cohort, which could reflect heightened suspicion for possible development of AE 

following confirmed pre-disposing HSVE.

Poor outcomes in the 0–2-year and > 65 year subgroups reflect similar findings in canonical 

NMDAR-AbE.17 This observation in the younger cohort may reflect a more severe immune 

response to primary HSV infection – which is more common to this age group – than latent 

reactivation.23 Moreover, inherited immune dysfunctions are found frequently in infancy, 
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especially inborn errors involving the toll-like receptor (TLR)-dependent interferon response 

pathways.24–27 Patients > 65-years-old also have worse outcomes, potentially due to lack 

of cognitive reserve or frailty. Moreover, immune senescence in older patients is known 

to impair host control of the certain infections.28 In turn, this could allow more severe 

HSV-mediated brain inflammation and senescence-related pro-inflammatory states could, in 

part, predispose to later CNS autoimmunity; the latter synonymous with other age-related 

autoimmune diseases.29

HSV was detected in the CSF of 16.6% AE patients, predominantly affecting younger 

patients with a median age of 7.25 years. Notwithstanding, time-to-immunotherapy was not 

affected in comparison to the HSV CNS negative cohort (Supplementary Table 5). This 

suggests immunotherapy does not significantly contribute to poorer outcomes in patients, 

previously treated with a sufficient course of acyclovir, in the AE illness phase. Overall, 

treatment with acyclovir prior to CSF testing is recommended and there is no evidence to 

delay immunotherapy if AE is confirmed.

This persistent viral detection within the CNS raises further hypotheses about this patient 

cohort. This observation could suggest ongoing viral-mediated neural damage and host CNS 

epitope release ultimately serves as a substrate for peripheral autoimmunisation. Indeed, a 

recent study supports the association between ongoing neuroaxonal damage – assessed by 

measuring serum neurofilament light chain levels – with subsequent AE.30 However, the fact 

that NMDAR-AbE is not frequently observed after other forms of brain injury suggests this 

is not sufficient for AE and that additional, yet unknown viral-specific and host factors are 

also necessary for CNS autoimmunity.

Overall, the eventual level of disability improved from the admission AE-phase mRS nadir. 

First-line immunotherapies were administered in the majority (90.7%, [201/225]), making it 

challenging to identify any of these as significant predictors of outcomes. However, RTX use 

was associated with improved outcomes. Together with the observation of a low frequency 

of CSF-restricted OCBs, this indirectly suggests that targeting B cells involved in peripheral 

germinal centre-based autoantibody production process is beneficial, as seen in other 

forms of NSAb-mediated diseases.31,32 Importantly, although an essential prognostic factor 

in canonical NMDAR-AbE, time-to-immunotherapy did not correlate significantly with 

overall outcomes for HSVE-AE. However, the timing of immunotherapy was insufficiently 

described in many reports, which highlights the importance of future studies to detail this 

information.

This study represents the most comprehensive systematic review and meta-analysis of 

patients with HSVE-AE to-date, incorporating a rigorous framework, systematic quality 

assessment, and detailed subgroup analysis. However, there were several limitations. The 

main limitations of this study include the reporting heterogeneity and retrospective nature 

of case reports which are subject to biases including reporting patients with atypical 

presentations. There is potential bias of reporting specific symptoms by age but sensitivity 

analysis suggested that this was not a key driver of age-specific heterogeneity (Fig. S2B&C). 

Moreover, the reports often lacked detailed data on the disability accrued after index HSVE, 

making it difficult to attribute any improvement specifically to immunotherapy. The rare 
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nature of HSVE-AE necessarily means that the number of cases available for analysis was 

limited. However, our findings were consistent across multiple iterations of regression and 

clustering analysis. Finally, case reports and cohorts were geographically biased to Europe, 

reinforcing the need for broader global datasets for future analyses.

Conclusion

This study identifies significant phenotypic variations in viral and autoimmune encephalitis 

across distinct age groups, offering crucial insights for tailored diagnostic and therapeutic 

strategies. By high-lighting clinically actionable predictors of outcomes and providing robust 

evidence for the safety and effectiveness of immunotherapy in HSVE-AE, these findings 

have the potential to substantially influence clinical management guidelines and therapeutic 

protocols. There remains a critical need for comprehensive and standardised reporting of 

phenotypic data within prospective cohorts of HSVE across diverse populations. Addressing 

this gap will enhance the generalisability of clinical predictions and outcomes in HSVE-

AE, ultimately driving improvements in patient care and informing healthcare treatment 

decisions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel: Research in Context

Evidence before this study

The World Health Organisation estimated 104,000 deaths were attributed to encephalitis 

in 2016, with HSV as the leading cause of infectious encephalitis in industrialised 

countries. HSVE is traditionally thought to generate significant and often irreversible 

morbidity with no active treatment paradigms beyond anti-viral therapy. Clinicians are 

becoming increasingly aware of the recently described phenomena of AE following 

HSVE, although deep phenotypic data, clinically useful predictors for outcomes and 

the effectiveness and safety of immunotherapy strategies are limited. We systematically 

searched Ovid Embase, Medline, PubMed, and Web of Science from Jan 1, 2007, 

to Sep 1, 2024, for studies on autoimmune encephalitis (AE) or NMDAR-antibody 

encephalitis following confirmed herpes simplex virus encephalitis (HSVE). Inclusion 

criteria were clearly defined cases meeting consensus diagnostic criteria. Studies not 

meeting these criteria or lacking sufficient clinical data were excluded. The search 

terms included combinations of “autoimmune encephalitis,” “herpes simplex virus 

encephalitis,” “NMDAR-antibody encephalitis,” and related synonyms. The evidence 

quality was variable, given the observational nature and heterogeneity of included 

studies. No systematic reviews or meta-analyses of this kind have been published to 

date.

Added value of this study

This individual patient meta-analysis consolidates previously fragmented evidence, 

clarifies age-specific clinical phenotypes and highlights critical predictors of clinical 

outcomes in HSVE-AE. By using robust statistical methods, including multiple factor 

analyses, network analyses, and multivariate logistic regression, we demonstrated 

significant differences compared to canonical NMDAR-antibody encephalitis, identified 

rituximab as an independent predictor of improved outcomes, and confirmed 

immunotherapy’s safety profile.

Implications of all the available evidence

Our findings have significant clinical implications, emphasising the necessity for age-

tailored assessment and management strategies in HSVE-AE. The identification of 

predictive factors such as age, neuropsychiatric symptoms, and disability severity at 

AE-phase nadir can guide clinicians in prognosis and treatment decisions. The confirmed 

safety and effectiveness of immunotherapy, particularly rituximab, support its broader 

clinical implementation, particularly in the context of a previous infectious encephalitis. 

To reduce the significant HSVE-related health burden, future research should focus on 

prospective studies and HSVE clinical trials to further validate these findings.
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Fig. 1. PRISMA diagram.
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Fig. 2. Phenotypic heterogeneity of HSVE and HSVE-AE.
A) Multiple factor analysis clustered by age reveals a dichotomy in HSVE and HSVE-

AE phenotypic heterogeneity emerging at the age of 12. Age-specific clusters were 

guided by quantiles supplying an equal split of the dataset. B) Specific symptoms are 

hierarchically ranked by the contribution to the dimension reductions and presented 

in vector-weighted contributions. C) Stacked bar charts split by the MFA-dictated age 

dichotomy reveal significant symptom-specific differences. p-values shown are adjusted 

for multiple comparisons. D) Network analysis of the clinical and paraclinical features 

of HSVE and HSVE-AE. The clinical and paraclinical features are represented as nodes; 

the size of the nodes is proportionate to the frequency of the feature and the edge 

thickness is proportionate to the frequency of co-occurrences. The nodes are colour-coded 

by closeness centrality, a measure of interconnectedness. CSF = cerebrospinal fluid; EEG 

= electroencephalogram; FLAIR = fluid-attenuated inversion recovery; OCB = oligoclonal 

band; RBC = red blood cells.
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Fig. 3. Multiple logistic regression model for HSVE-AE outcomes.
Results from a backward stepwise logistic regression model excluding Armangue et al.11 

and with 10% KNN imputation are displayed. Reports with 10% or more missing data were 

also excluded leaving n=154 in the final model. Outcomes are defined as good by an mRS 

0–2 and poor by mRS > 2. AE = autoimmune encephalitis; mRS = modified Rankin scale; 

RTX = rituximab.
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Fig. 4. Treatment and outcomes of HSVE-AE.
A) Immunosuppression treatment and follow-up disability over time by publication year 

revealing changes in second-line immunotherapy with similar outcomes. Grey shaded area 

highlighting the COVID-19 pandemic epoch. B) Peak acute AE phase disability is plotted 

in parallel alongside follow-up disability showing significant improvements across the 

overall cohort. C) mRS defined disability outcomes at follow-up, divided into 0–12- and 

> 12-year age groups. D) Correlogram displaying relationships across all primary and 

secondary outcomes. Positive correlations are depicted in grey and negative correlations 

in red. The size of the circle is proportional to the strength of the correlation with the R 

value depicted in each circle. Behaviour and neuropsychiatric manifestations appear under 

the label “behaviour”. ASMs = anti-seizure medications; CS – corticosteroids; CYC = 

cyclophosphamide; IVIG = intravenous immunoglobulins; PEX = plasma exchange; RTX = 

rituximab; mRSFP = mRS at follow-up.
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Table 1 Significant clinical differences between HSVE-AE and a canonical NMDAR-AbE cohort.

Domain HSVE-AE cohorta N= 225 Nosadini et al. (2021) N=1550 P-valueb

Demographics Female 52.9% 73.3% < 0.001

Age at Onset Median: 7.25; Median: 20; Mean: 22.97; IQR: 
16.3

< 0.001

Mean: 21.70;

IQR: 43

Clinical Seizures 40.9% (91/222) 68.3% (944/1382) < 0.001

Decreased level of consciousness 36.0% (80/222) 55.4% (744/1343) < 0.001

Autonomic dysfunction 24.7% (55/222) 43.2% (583/1351) < 0.001

Paraclinical Abnormal MRI 98.5% (140/142) 40.6% (434/1069) < 0.001

CSF: pleocytosis 79.5% (102/127) 67.8% (618/911) 0.01

CSF: elevated proteins 52.0% (65/125) 21.6% (189/873) < 0.001

CSF: oligoclonal bands 19.4% (21/108) 62.6% (223/356) < 0.001

Tumour presence 3.7% (3/81) 25.6% (389/1524) < 0.001

Treatment Acyclovir use 57.4% (81/141) 19.8% (220/1113) 0.004

Anti-seizure medication use 61.5% (80/130) 40.8% (461/1129) 0.004

Plasma exchange use 24% (54/225) 33.7% (500/1482) 0.01

Second-line immunotherapy 46.2% (103/225) 31.8% (486/1526) 0.004

Rituximab 42.6% (96/225) 24.5% (363/1484) 0.004

Long-term Rituximab 3.7% (8/214) 0.5% (7/1508) 0.004

Time from AE to immunotherapy ≤30 
days

78.7% (100/127) 59.8% (277/463) < 0.001

Time between onset and Rituximab ≤30 62.0% (31/50) 13.1% (18/137) < 0.001

Outcome Good Outcome at Follow-up (mRS ≤2) 45.8% (104/225) 71.5% (1108/1550) < 0.001

a
HSVE-AE cohort included 225 patients with 89.3%, [201/225] NMDAR-AbE.

b
Chi-squared tests with Benjamini-Hochberg post-hoc corrections for categorical and Mann-Whitney U tests were used for continuous data.
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