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Abstract
Objective  Encephalitis is brain parenchyma 
inflammation, frequently resulting in seizures which 
worsens outcomes. Early anti-seizure medication could 
improve outcomes but requires identifying patients at 
greatest risk of acute seizures. The SEIZURE (SEIZUre 
Risk in Encephalitis) score was developed in UK cohorts 
to stratify patients by acute seizure risk. A ‘basic score’ 
used Glasgow Coma Scale (GCS), fever and age; the 
‘advanced score’ added aetiology. This study aimed 
to evaluate the score internationally to determine its 
global applicability.
Design  Patients were retrospectively analysed 
regionally, and by country, in this international 
evaluation study. Univariate analysis was conducted 
between patients who did and did not have inpatient 
seizures, followed by multivariable logistic regression, 
hierarchical clustering and analysis of the area under 
the receiver operating curves (AUROC) with 95% CIs.
Participants and setting  2032 patients across 13 
countries were identified, among whom 1324 were 
included in SEIZURE score calculations and 970 
were included in regression modelling. The involved 
countries comprised 19 organisations spanning all WHO 
regions.
Outcome measures  The primary outcome was 
measuring inpatient seizure rates.
Results  Autoantibody-associated encephalitis, low 
GCS and presenting with a seizure were frequently 
associated with inpatient seizures; fever showed 
no association. Globally, the score had limited 
discriminatory ability (basic AUROC 0.58 (95% CI 0.55 

to 0.62), advanced AUROC 0.63 (95% CI 0.60 to 0.66)). 
The scoring system performed acceptably in western 
Europe, excluding Spain, with the best performance 
in Portugal (basic AUROC 0.82 (95% CI 0.69 to 0.94), 
advanced AUROC 0.83 (95% CI 0.72 to 0.95)).
Conclusions  The SEIZURE score performed best in 
several countries in Western Europe but performed 
poorly elsewhere, partly due to differing and unknown 
aetiologies. In most regions, the score did not reach a 
threshold to be clinically useful. The Western European 
results could aid in designing clinical trials assessing 
primary anti-seizure prophylaxis in encephalitis 
following further prospective trials. Beyond Western 
Europe, there is a need for tailored, localised scoring 
systems and future large-scale prospective studies 
with optimised aetiological testing to accurately identify 
high-risk patients.

STRENGTHS AND LIMITATIONS OF THIS STUDY
⇒⇒ The study consisted of one of the largest sample 
sizes of any encephalitis study with patient cohorts 
from every WHO region.

⇒⇒ Data collection was standardised to facilitate accu-
rate comparisons and was centrally screened for 
accuracy prior to being included in analysis.

⇒⇒ Varying facilities between countries prevented inter-
regional analysis of certain variables, while limited 
sample sizes in certain regions and the small num-
ber of paediatric cases reduced how representative 
the data is for certain populations.
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Introduction
Encephalitis is inflammation of the brain parenchyma, 
typically due to infection or autoantibody-driven 
processes. Patients with encephalitis often develop 
acute seizures which are associated with increased 
morbidity and worse long-term outcomes, including 
epilepsy.1 2 Prophylactic anti-seizure medicines (ASMs) 
are not routinely used due to insufficient safety and effi-
cacy evidence.3 It remains unclear whether the poorer 
outcomes are due to seizures acting as a proxy marker of 
disease severity or secondary damaging effects including 
cerebral hypoxia, hypoglycaemia or excitotoxic injury.3 
However, identifying patients with encephalitis at greatest 
risk of acute seizures would facilitate risk stratification, to 
identify patients requiring high-level care including elec-
troencephalogram (EEG) monitoring to identify subtle 
seizures, and clinical trials to determine whether primary 
ASM prophylaxis in high-risk patients will improve long-
term outcomes, and consequently whether seizures inde-
pendently worsen outcomes or simply indicate disease 
severity. The SEIZURE (SEIZUre Risk in Encephalitis) 
score was developed in two UK cohorts to stratify patients 
with encephalitis by seizure risk.4 Two scores were devel-
oped: a ‘basic score’ using the Glasgow Coma Scale 
(GCS), fever and age, and an ‘advanced score’ including 
aetiology. Both scores showed good discrimination to 
determine acute seizure risk in patients with encepha-
litis.4 Prior research has established age and GCS as risk 
factors for seizures of any cause and also specifically in 
patients with encephalitis.2 5–7 The SEIZURE score was 
the outcome of the first study to combine this prior 
knowledge into an applicable, validated, risk stratifying 
tool for UK patients with encephalitis. The utility of this 
score for patients with encephalitis globally is unknown. 
The primary aim of this study was to assess this scoring 
system globally and identify regions in which it can be 
used to identify high-risk patients, and areas that require 
tailored scoring systems. We hypothesise that the discrim-
inatory ability of the scoring systems will vary, with poorer 
performances in countries with variations in aetiology 
and healthcare systems that are distinctly different from 
the initial UK cohorts.3 8–10 Secondary aims included 
identifying features associated with increased seizure 
risk in patients with encephalitis, comparing aetiolo-
gies of encephalitis between regions and analysis of the 
outcomes between different regions.

Methods
Data collection
Data collection was standardised using a case report form. 
Prespecified options in the case record form were used to 
maximise the integrity and consistency of data collection, 
based on the original SEIZURE score publication, with 
a free-text option for additional detail. Without access 
to the raw patient notes, it was not possible to audit the 
quality of clinical care. Responses were centrally screened 
to verify data collection accuracy and any omissions, 

with clear errors or inconsistencies highlighted to the 
study centre to recheck their data. Study sites were large 
tertiary centres and identified via established networks, 
including The Global Neuro Research Coalition, the 
World Federation of Neurology and Encephalitis Inter-
national.11–13 Anonymised raw data were collected retro-
spectively by local neurologists from pre-existing datasets 
or via medical records using discharge coding and case-
by-case review based on the WHO Acute Encephalitis 
Syndrome definition.14 Case ascertainment methods 
were not standardised, study centres were encouraged to 
provide their most recent 50 cases for consistency, and to 
capture current practice in diagnostics for autoimmune 
encephalitis. Pre-collected cases from prior research 
were also included to maximise the sample size. The data 
were centrally collated into a global group, following 
local ethical approval and data-sharing agreements 
where applicable, or centres could send deidentified pre-
analysed data by established a priori methodology.4

Mandatory data included age, GCS, temperature on 
admission, presenting complaint of fever, aetiology 
and inpatient seizure status. Data collection addition-
ally included demographics, symptomology and dura-
tion prior to admission, investigations and Glasgow 
Outcome Scale (GOS) score. Seizures were categorised 
as a ‘presenting symptom’, defined as seizures occur-
ring in the community, or ‘inpatient seizures’, defined 
as witnessed seizures occurring following admission and 
categorised in accordance with the International League 
Against Epilepsy (ILAE) terminology.15 Electrographic 
seizures were included under ‘inpatient seizures’ in 
centres with continuous EEG monitoring. Status epilep-
ticus (SE), as defined by the ILAE, was included within 
‘inpatient seizures’ and also analysed separately. SE was 
only recorded for inpatient seizures due to potential inac-
curacies with community diagnoses and in line with the 
primary aim of the study, which was to evaluate the utility 
of the score in predicting those at risk of seizures during 
admission, and therefore potentially amenable to prophy-
lactic therapy. SE subtypes were included, but the sample 
size was inadequate for subgroup analysis. Admission 
dates ranged from 2010 to 2023 and data collection took 
place retrospectively over a 14-month period (February 
2023 to April 2024), including 19 organisations from 13 
countries across all WHO regions (figure 1).

The primary outcome was inpatient seizure. Age was 
categorised as required for the SEIZURE score.4 GCS was 
inputted as an ordinal variable for scoring and categorical 
variable (normal, 15; mild impairment, 13–14; moderate 
impairment, 9–12; severe impairment, 3–8) for univar-
iate analysis. For multivariable analysis, it was treated as a 
continuous variable.

Aetiology was categorised identically to Wood et al 
using the same diagnostic criteria.4 Fever was defined as 
≥38°C or a history of fever. Immunosuppressed catego-
ries included metabolic, drug-induced, congenital, preg-
nancy, HIV and malignancy. EEG analysis categories were 
simplified as per Wood et al to normal, focal abnormalities 
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Figure 1  A world map detailing the countries involved in the study, separated into Gross National Income bands as per The 
World Bank. Specific hospitals and centres are noted below the map, divided by country.

or consistent with encephalitis; MRI was either normal or 
abnormal.4 A high lactate was defined as ≥4 mmol/L, low 
sodium as ≤120 mmol/L, and a low cerebrospinal fluid 
(CSF):serum glucose ratio was defined as <0.5. A poor 
outcome was defined as a GOS score of <5 and a good 
recovery as GOS=5 at 6 months post-discharge.

Statistical analysis
All data were collated into a global population for 
SEIZURE score calculations, including groups that 
provided pre-calculated SEIZURE scores. Where raw data 
were available, a global dataset was created for further 
analysis. Data were also separated into WHO regions and 
individual countries where possible. Univariate analysis 
was conducted using Prism-10 (V.10.2.2). Categorical vari-
ables were analysed using χ2 or Fisher’s exact test, para-
metric continuous variables were analysed using Student’s 
t-test, and non-parametric data using Mann-Whitney U 
test. ORs were reported with 95% CIs, and standard two-
sided p<0.05 criteria was used for determining statistical 
significance. For univariate analysis, when calculating OR 
for variables with multiple discrete categories, including 
age and aetiology, the reference value was defined as the 
combined sum of the remaining categories. The excep-
tions for this were GCS, which consistently used 15 as a 
reference score, and the SEIZURE score categories. The 
SEIZURE score categories were defined using the sum 

of the two lowest-scoring categories as a reference range, 
consistent with the original Wood et al study. The catego-
ries were kept separate to allow for visualisation of the 
distribution of scores among the groups. Sensitivities, 
specificities and receiver operating curves (ROC) were 
calculated, reported as area under the receiver oper-
ating curve (AUROC) with 95% CI, alongside the posi-
tive predictive value (PPV) of discrete scores. AUROC 
of <0.65 was considered poor, 0.65–0.80 acceptable and 
>0.80 excellent. Inter-regional analysis used χ2 for cate-
gorical analysis and one-way analysis of variance for 
comparing means.

Outcomes were assessed by comparing GOS distri-
bution based on seizure status and a dichotomous 
approach for poor outcomes comparing GOS=5 
against GOS <5; both using χ2. Patients were divided 
into those who did not have an inpatient seizure, those 
who had an inpatient seizure without SE and those 
who developed SE.

Bonferroni correction was applied to univariate analysis 
to limit type I errors, and p values were adjusted with a 
cap of p>0.99.

R-studio (V.2024.04.0+735) was used for multivari-
able binary logistic regression on all complete data 
from the core global dataset. Variables were selected 
based on univariate analysis OR and evidence from 
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Figure 2  A flow chart detailing the origins of the global patient study group. AFR, African Region; AMR, Regions of the 
Americas; EMR, Eastern Mediterranean Region; EUR, Europe Region; SEAR, South-East Asia Region; USA, United States of 
America; WPR, Western Pacific Region.

Wood et al. The reference categories for the OR for age 
and aetiology were identical to those used in the Wood 
et al study and are marked as OR 1.00 for clarification. 
Variables not readily available in all regions, such as 
EEG, were excluded.4 R-studio was used for creating 
heatmaps of group-associated variables among patients 
who had inpatient seizures and hierarchical agglom-
erative cluster analysis. This was performed using the 
average linkage method and Euclidean distance as the 
similarity measure. The optimal number of clusters was 
determined by visual inspection of the dendrogram 
and assessment with the silhouette plot. The rationale 
was to compare the analyses done in the original paper 
and facilitate an exploratory analysis with flexibility, 
ease of interpretability and the ability to reveal natural 
groupings.

Results
A total of 2032 patients were identified, of whom 1379 
had sufficient raw data to calculate the SEIZURE score, 
639 patients were pre-analysed due to ethical approval 
reasons and 15 were excluded due to missing required 
data. Within this cohort, univariate analysis was conducted 
on 1324 patients with comprehensive data and regression 

modelling was completed on 970 patients with complete 
raw data (figure 2).

Patients were mostly adults, with fever, seizure 
and behavioural changes being common presenting 
complaints. There was a wide range of aetiologies, apart 
from Africa (AFR), where herpes simplex virus (HSV) 
(23/52, 44 %) and ‘other’ infections (21/52, 40%) 
predominated (table 1). Eastern Mediterranean Region 
(EMR) was mainly HSV infection (13/51, 25.5%), 
immune-related (11/51, 22%) and unknown causes 
(13/51, 26%), while South-East Asian Region (SEAR) had 
high proportions of autoantibody-associated (41/175, 
23%) and bacterial encephalitis (38/175, 22%). Western 
Pacific Region (WPR) was predominantly ‘other’ infec-
tions (23/68, 33.8%) and unknown causes (20/68, 29%), 
while Europe (EUR) and the Americas (AMR) were 
mostly ‘other’ infections (240/525, 46%) and unknown 
causes (215/455, 47%), respectively.

Patients that had seizures had significant variation 
between regions for most variables (online supplemental 
tables S1 and S2). In particular, significant differences 
in seizure risk were seen for GCS and autoantibody-
associated, HSV and unknown aetiology categories.

Overall, 439 out of 1324 (33.2%) of the patients in 
the comprehensive raw global dataset had at least one 
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inpatient seizure (table  2). Significant differences were 
seen in aetiology and the proportion with a GCS ≤8 
between patients who did and did not have an inpatient 
seizure. Autoantibody-associated encephalitis had the 
highest seizure risk (OR 3.77 (95% CI 2.79 to 5.09)). 
Data on 13 antibody subtypes were available for 12 out 
of 221 patients with autoantibody-associated encephalitis. 
Leucine-rich glioma-inactivated 1, gamma‐aminobutyric‐
acid A receptor, Ri, and glutamic acid decarboxylase anti-
bodies all demonstrated significantly increased seizure 
risks (online supplemental table S3). Presenting with a 
seizure and having EEG abnormalities was significantly 
more frequent in those who had an inpatient seizure, 
while fever, headache, respiratory symptoms and neck 
stiffness were significantly less common. The variables 
most significantly related to inpatient seizure risk on 
multivariable logistic regression (online supplemental 
table S4) were GCS (OR 0.84 (95% CI 0.78 to 0.91) for 
each additional point) and seizure being the presenting 
complaint (OR 49.90 (95% CI 31.68 to 81.02)).

Combining the cohorts overall, the scoring system 
performed poorly with a basic score AUROC of 0.58 
(95% CI 0.55 to 0.62) and an advanced score AUROC 
of 0.63 (95% CI 0.60 to 0.66). The advanced score 
performed better in AMR and SEAR (AUROC 0.70 (95% 
CI 0.65 to 0.75) and 0.73 (95%CI 0.63 to 0.83), respec-
tively) (figure 3). Additionally, the greater the basic and 
advanced SEIZURE score, the higher the rates of inpa-
tient seizures in the global cohort (OR 2.07 (95% CI 1.37 
to 3.08) and OR 2.72 (95% CI 2.03 to 3.60), respectively), 
although this was predominantly due to European and 
USA cohorts (online supplemental table S5). A PPV 
of over 0.50 was observed in the basic score for Africa 
(scores 9–11), Eastern Mediterranean (9–11) and the 
highest scoring category in Western Pacific, USA group 
and Europe. In the advanced scoring system, a PPV >0.50 
was also calculated in Eastern Mediterranean (scores 
14–16) and the highest scoring categories of Western 
Pacific, Region of the Americas, USA group and Europe. 
After Bonferroni correction in these groups, statistical 
significance was observed only in Europe, USA group and 
Region of the Americas.

Africa
All patients were adults and 24 out of 52 (46%) had a 
seizure. Every patient presenting with a seizure had a 
further inpatient seizure (online supplemental table S6). 
Aetiology was significantly different prior to adjustment. 
EEG and serum lactate were not conducted.

SE occurred in 8 out of 24 patients, mostly due to HSV-1 
(4/8, 50%). All patients had an abnormal MRI and 6 out 
of 8 (75%) died.

The SEIZURE score in AFR demonstrated poor 
discriminatory ability with an AUROC of 0.50 (95% CI 
0.35 to 0.66) and 0.44 (95% CI 0.28 to 0.60) for basic and 
advanced scores, respectively. No significant differences 
were seen in discrete scoring categories.

Eastern Mediterranean
Within EMR, 19 out of 51 (37%) patients had a seizure 
with no significant differences in demographics (online 
supplemental table S7). HSV encephalitis was associated 
with a high seizure risk (OR 3.93 (95% CI 1.05 to 14.69)) 
and patients presenting with a seizure had a significantly 
increased risk of a subsequent inpatient seizure (OR 
54.00 (95% CI 8.87 to 328.82)).

SE occurred in 5 out of 51 patients (10%), mostly those 
with unknown aetiology. All patients with SE had an 
abnormal MRI and an EEG consistent with encephalitis, 
of whom 4 out of 5 (80%) presented with a seizure, and 2 
out of 5 (40%) died.

Within the EMR cohort, there was poor discriminatory 
ability of the basic SEIZURE score (AUROC 0.59 (95% CI 
0.43 to 0.75)), which slightly improved for the advanced 
score (0.63 (95% CI 0.48 to 0.79)).

South-East Asia
Of the SEAR cohort, 21 out of 175 (12%) had a seizure 
and age was associated with significant differences in 
inpatient seizure risk (online supplemental table S8). 
Autoantibody-associated encephalitis carried the highest 
seizure risk of aetiologies (OR 5.75 (95% CI 2.21 to 
14.92)). Significant differences in inpatient seizure risk 
were seen in patients presenting with a seizure (OR 9.12 
(95% CI 3.14 to 26.50), p<0.01) and, prior to adjustment, 
patients with GCS ≤8 (OR 5.85 (95% CI 1.23 to 29.67)).

Seven patients developed SE and all survived. All but 
one had autoantibody-associated encephalitis, abnormal 
MRIs and EEGs consistent with encephalitis, and 
presented with a seizure.

The basic score had a poor AUROC of 0.57 (95% CI 
0.45 to 0.70) and adding aetiology improved the AUROC 
to 0.73 (95% CI 0.63 to 0.83).

Western Pacific
There were no significant differences in demographics, 
GCS, investigations or aetiology between those with and 
without inpatient seizures (online supplemental table 
S9). All the inpatient seizure group presented with a 
seizure, while gastrointestinal and respiratory complaints 
were negatively associated with seizure risk.

Of this cohort, 3 out of 25 (12%) developed SE, all with 
‘other’ infections or unknown aetiology, and all patients 
survived.

The SEIZURE score showed acceptable discrimination 
in WPR. The AUROC for the basic and advanced scores 
was 0.67 (95% CI 0.55 to 0.80) and 0.63 (95% CI 0.50 
to 0.77), respectively. Prior to adjustment, a significant 
increase in seizures was seen in patients scoring over 12 
in the basic score (OR 6.00 (95% CI 1.14 to 31.29)).

Europe
The overall EUR group consisted of 580 patients, of 
whom raw data were available for 525 (online supple-
mental table S10). Finland sent pre-calculated scores for 
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Figure 3  Receiver operating curves (ROC) for the performance of the SEIZURE (SEIZUre Risk in Encephalitis) score for the 
global study group and all WHO regions with area under the curve calculated and sample sizes documented. AUROC, area 
under the receiver operating curve; USA, United States of America.

55 patients to incorporate into EUR. The online supple-
mental file contains individual country data.

Of those with raw data available, 201 out of 525 (38%) 
had a seizure and autoantibody-associated and HSV 
encephalitis demonstrated increased seizure risk (OR 
2.39 (95% CI 1.35 to 4.23) and 2.38 (95% CI 1.28 to 
4.43)), respectively, while bacterial (OR 0.37 (95%CI 0.16 
to 0.85)) and ‘other’ infections (OR 0.59 (95% CI 0.41 
to 0.85)) were associated with reduced risk. The clinical 
factors most strongly associated with inpatient seizure risk 
were presenting with a seizure (OR 169.75 (95% CI 82.24 
to 338.03)) and GCS ≤8 (OR 3.18 (95% CI 1.84 to 5.46)). 
EEG changes and high lactate measurements were also 
associated with inpatient seizures.

SE occurred in 58 out of 503 (12%), frequently due to 
autoantibody-associated or other immunological aetiolo-
gies, and 3 out of 58 (5%) died. Fever was present in 20 
out of 58 (34%) and 41 out of 58 (71%) presented with a 
seizure. In addition, 37 out of 58 (65%) had an abnormal 
MRI and 48 out of 50 (96%) had an abnormal EEG.

The basic score performed poorly in Europe with an 
AUROC of 0.62 (95% CI 0.57 to 0.67) and an improved, 
acceptable, advanced score AUROC of 0.67 (95% CI 0.62 
to 0.71). The highest scoring categories were associated 
with significantly increased seizure rates.

ROC for individual EUR countries is available in online 
supplemental tables S11–16, figure S1. Excluding Spain, 
the SEIZURE score performed acceptably within western 
Europe. The highest discrimination was in Portugal, with 

an excellent basic score AUROC of 0.82 (95% CI 0.69 to 
0.94) and 0.83 (95% CI 0.72 to 0.95) for the advanced 
score. In Spain, the basic score AUROC was 0.62 (95%CI 
0.44 to 0.79) and the advanced score was 0.54 (95% CI 
0.36 to 0.73).

The Americas
The AMR cohort included 1094 patients, of whom 639 
were pre-analysed as ‘USA group’ (online supplemental 
table S17). The AMR ROC and tables refer to the 
remaining 455, including partial data from 354 patients 
(online supplemental table S18).

The USA group had a high proportion of unknown 
aetiology (236/620, 38%) with significant differences 
in inpatient seizure risk seen in known aetiologies. The 
highest risk of an inpatient seizure was presenting with a 
seizure (OR 11.03 (95% CI 7.38 to 16.37)).

In AMR, 152 out of 455 (33%) had an inpatient seizure 
with a significantly lower risk in males (OR 0.20 (95% CI 
0.14 to 0.30)). A significant difference was seen between 
aetiologies, with the highest risk in those with an autoan-
tibody cause (OR 2.98 (95% CI 1.93 to 4.62)) while fever 
was significantly associated with reduced seizure risk (OR 
0.46 (95% CI 0.30 to 0.69)).

SE occurred in 36 out of 99 (36%) patients with 
complete data in AMR and 3 out of 36 (9%) patients died. 
Within this group, 21 out of 36 (58%) had autoantibody-
associated encephalitis and 13 out of 36 (36%) other 
immune encephalitides. Overall, 31 out of 99 (86%) 
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Figure 4  A diagram of complete hierarchical cluster analysis and the associated heatmap demonstrating associated variables 
among patients that had seizures in the global cohort. Red boxes delineate the variables into four appropriate clusters. ADEM, 
acute disseminated encephalomyelitis; AFR, Region of Africa; AMR, Region of the Americas; ASM, anti-seizure medication; 
CSF, cerebrospinal fluid; EMR, Eastern Mediterranean region; EUR, European region; GCS, Glasgow Coma Scale; HSV, herpes 
simplex virus; SEAR, South-East Asian region; TB, Mycobacterium tuberculosis; VZV, varicella zoster virus (VZV); WPR, Western 
Pacific region.

presented with a seizure, while abnormal MRI and EEG 
were seen in 25 out of 36 (69%) and 33 out of 36 (92%) 
of cases, respectively.

The SEIZURE score had variable discriminatory ability 
with a poor basic AUROC of 0.60 (95% CI 0.55 to 0.66) 
and 0.54 (95% CI 0.49–0.60) for USA group and AMR, 
respectively. The advanced score AUROC improved to 
0.67 (95% CI 0.61–0.72) and 0.70 (95% CI 0.65–0.75), 
respectively. Importantly, the higher the SEIZURE score, 
the greater the seizure risk in both groups.

Hierarchical cluster analysis
Hierarchical clustering assessed for associated variables 
among patients that had inpatient seizures (figure  4). 
The first two clusters are markedly separate from most 
other variables and contain high-risk variables including 
presenting with a seizure, autoantibody-associated aeti-
ology, GCS ≤8, age 5–18, and taking ASM prior to admis-
sion. The heatmap demonstrates the percentage of 
patients that had an inpatient seizure, demonstrating 
wide heterogeneity between regions.

Separate EUR analysis (online supplemental figure S2) 
showed a similar cluster including GCS ≤8, presenting 
with a seizure, and focal EEG abnormalities. The third 
cluster contained low seizure-risk variables including VZV 
and GCS 15.

Outcomes
Outcomes varied between regions (figure  5). Globally, 
individuals with SE were significantly more likely to have 
poor outcomes than patients who did not have seizures 
(OR 1.8 (95% CI 1.07 to 2.34), p=0·03). The EUR cohort 
demonstrated significant differences in poor outcomes in 

patients who developed SE as compared with those who 
patients did not have inpatient seizures (OR 3.70 (95% 
CI 2.09 to 6.64)). GOS distributions between patients 
who did and did not have seizures differed significantly in 
SEAR, without a significant difference in proportion with 
a poor outcome. In the AFR cohort, GOS distributions 
differed significantly between patients that developed SE 
and patients that had no seizure or a seizure without SE 
No differences in GOS were seen in the AMR, EMR and 
WPR cohorts.

Discussion
Encephalitis carries a high seizure risk associated with 
worse outcomes, as shown in our analysis.1 Our study 
used the SEIZURE score, consisting of age, GCS, fever 
and aetiology, to assess its potential for seizure predic-
tion in encephalitis patients internationally. The score 
showed acceptable discrimination in western Europe, 
excluding Spain, and identified high-risk patients in 
AMR. However, even in these areas, the results suggest 
that it has a limited clinical utility in its current format. 
The poorer performance elsewhere was likely partly due 
to underpowered cohorts, particularly the proportion 
with a SEIZURE score >12, and differing epidemiology, 
confirming that many regions require localised scoring 
systems. This study highlighted the large proportion of 
unknown encephalitis cases and heterogeneity of seizure 
risk for given aetiologies.

Hierarchical analysis identified high-risk variables 
including prior seizures, autoantibody-associated aeti-
ology and low GCS, many of which were significant after 
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Figure 5  Bar charts of the global and regional study groups showing the distribution of Glasgow Outcome Scale scores when 
separated dependent on seizure status (no inpatient seizure, inpatient seizure without status epilepticus, status epilepticus). (o) 
signifies a significant difference in the proportion of poor outcomes; (m) signifies significantly different distributions of Glasgow 
Outcome Scale scores between groups. *p<0.05; **p<0.01; ***p<0.001.

logistic regression. These findings align with prior liter-
ature and aspects were reflected in groups with good 
SEIZURE score discrimination.2 16–18 Finland demon-
strated limited improvement with aetiology, likely due to 
few autoantibody-associated patients having seizures. This 
is despite high seizure rates among patients with HSV 
encephalitis, a documented epileptogenic aetiology.19 
Poor performance in Spain was likely influenced by a 
low number of normal GCS patients, reducing analytical 
power.

The ability to analyse regional heterogeneity was limited 
by wide inter-regional variations in seizure rates, even 
within the same encephalitis aetiology. This could explain 
the poor performance of the SEIZURE score globally. 
Variance may stem from symptom duration, time until 
management, availability of neurology expertise and EEG 
access, particularly for subtle motor or non-convulsive 
seizures.20 The necessity for timely treatment is well docu-
mented, particularly for HSV and Mycobacterium tubercu-
losis encephalitis, which both had marked inter-regional 
variation.21–23 To better analyse regional heterogeneity, 
future studies should specify whether inpatient seizures 
were diagnosed clinically or via EEG, detailing durations 
of EEG recording in regions with readily-available moni-
toring. Additionally, ASM use differed between centres, 

something shown in evident international studies.19 24 
Some centres prescribed ASM prophylactically at the clini-
cian’s discretion for patients presenting with seizures in 
the community. This may explain regions where seizure 
risk was unchanged irrespective of GCS, but the time-
points of ASM prescribing are unknown, preventing 
subanalysis.

Second, a single SEIZURE score for unknown or ‘other’ 
infections is not applicable globally. Regional encepha-
litis aetiology varies with rarer ‘other’ infections in the UK 
being common elsewhere, such as Japanese encephalitis 
virus in WPR.25 This may be partly reflected in diagnostic 
testing capacity, yet variance in the proportion of enceph-
alitis of unknown aetiology differed widely between coun-
tries despite similar diagnostics.26 Furthermore, seizure 
risk differs within the unknown category, with Glaser et 
al and other studies describing clinical subsets.27 28 This 
is reflected among our Portugal and Spain cohorts, with 
seizure rates for ‘other’ infections of 28.6% and 0%, 
respectively.

Our study did not associate fever with increased seizure 
risk, likely due to the higher proportion of bacterial 
(meningo)encephalitis cases. The negative association 
between seizure risk and neurological signs/symptoms 
including neck stiffness and headache in some of our 
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groups suggests predominantly meningeal, as opposed to 
parenchymal, involvement which carries a lower seizure 
risk.29 30 Fever, including subjective or measured fevers, was 
associated with a significantly lower seizure risk globally. 
This suggests fever may indicate the underlying aetiology 
which confounds the results, as opposed to independently 
increasing seizure risk. In the original UK study, fever may 
have been linked to the high HSV prevalence, while in 
this study, it may indicate lower seizure-risk viruses, such 
as VZV. Additionally, autoantibody-associated enceph-
alitis can manifest as seizures with apyrexia, which may 
further explain this negative association.9 Indeed, a fever 
may not be detrimental; a meta-analysis found moderate 
fever was associated with improved outcomes for some 
infectious diseases.31 Fever is an established seizure risk 
factor in children. The relatively low proportion of chil-
dren, compared with Wood et al, may have underpowered 
our study.7 This would explain why age was often not a 
significant risk factor despite prior literature.2 5 Nonethe-
less, our findings suggest that the link between seizure 
risk and fever or bacterial encephalitis needs further 
evaluation.

Our results highlight the global treatment gap for 
encephalitis and seizures, with particularly poor outcomes 
in AFR and SEAR, where the disease burden is likely 
highest. These regions had fewer EEG data, which limits 
the diagnosis of subtle seizures. However, in our global 
cohort, EEG abnormalities carried a higher seizure risk 
than a high SEIZURE score, highlighting the need to 
improve global EEG access.5 The WHO recently identi-
fied encephalitis as a public health priority, stating the 
need for further research in low- and middle-income 
countries and for a One Health approach.32 The WHO 
Intersectoral Global Action Plan on Epilepsy and Other 
Neurological Disorders provides a framework for further 
action.

This study represents global collaboration within the 
neurology community, with one of the largest sample sizes 
of any encephalitis study. The case report form provided 
ensured standardisation with Wood et al and minimised 
inter-centre variability. Retrospective data collection facili-
tated maximising the sample size, but may have introduced 
misclassification bias, particularly for aetiology. This was 
mitigated by minimising the amount of ‘mandatory’ vari-
ables to ensure the data to calculate the SEIZURE score 
were accurate. Additionally, this reduced the number of 
participants excluded from the study due to key missing 
data. While this negated the need for multiple imputa-
tion analysis, this may be beneficial in future large-scale 
studies with higher proportions of participants with clin-
ically important missing data. The study involved coun-
tries from every WHO region and thus available resources 
were highly varied. Furthermore, timely access to quali-
fied personnel for interpretation of MRI and EEGs may 
have contributed to the regional differences. All centres 
had access to similar standard diagnostic tools, yet some 
centres did not routinely run specialised tests. This vari-
ance, and the inclusion of patients from a decade ago 

prior to rigorous antibody testing in some settings, may 
have inflated the unknown proportions.33 To maintain 
statistical power, we ensured each region contained at 
least 50 patients. However, only having one or two coun-
tries in certain regions, with minimal children, impacts 
the ability to draw comprehensive conclusions.

Despite many of the countries in Western Europe 
performing better than other regions, the poor perfor-
mance in Spain warrants caution prior to widespread use 
and in many areas, including the Americas, the discrim-
ination ability only just reached ‘acceptable’. Further-
more, when creating scoring categories, globally and 
across many of the regions, the scores had a low PPV of 
<0.50, suggesting limited reliability in predicting the risk 
of an inpatient seizure. Although the PPV was often >0.50 
when tested on high scoring patients in Europe and the 
USA, the general trend of lower PPVs globally suggests 
the score may be better used as a screening tool to high-
light patients who may benefit from closer monitoring as 
opposed to a confirmatory test of seizure risk. While the 
overall cohort number was large, the inclusion of a single 
centre or country is unlikely to be representative of the 
entire region. Therefore, some of the regional analysis 
was likely underpowered and could be evaluated with 
larger sample sizes prior to reliably concluding the lack 
of discriminatory ability. Future research should focus 
on prospective trials and refining the scoring system 
within Western Europe. Bespoke scoring systems should 
be created for other regions with larger regional sample 
sizes and standardised case ascertainment methodology. 
The scoring allocation for fever and bacterial encepha-
litis should be reassessed alongside the single score for 
unknown infections, and aetiological categories should 
be region-specific. Additional variables could be included, 
particularly presenting with a seizure and EEG abnor-
malities for regions with reliable access, both of which 
carried a higher risk of having an inpatient seizure than 
patients in the highest category of the SEIZURE score in 
the global cohort. Conversely, negative predictors could 
be included, such as respiratory symptoms. Ultimately, 
regions that can demonstrate a localised scoring system 
with good discriminatory ability in prospective trials 
should aim to conduct randomised trials of ASM prophy-
laxis in patients with encephalitis deemed at high risk of 
seizures.

Conclusion
The SEIZURE score performed variably across interna-
tional settings, with the best performance observed in 
several Western European countries. However, in most 
regions and countries, the scoring system fell below 
the threshold typically considered clinically useful. 
Even in areas where the performance was acceptable, 
prospective validation trials are still needed. Other 
regions should develop local scoring systems with larger 
cohorts to improve the discriminatory ability. This will 
facilitate future trials on the utility of ASM prophylaxis 
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and screening for high-risk patients to target further 
investigations.
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