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ABSTRACT

Background and Objectives: Infectious encephalitis is a serious global health problem linked to high rates of mortality and
morbidity. However, clinical and laboratory factors that impact neurological outcomes following infectious encephalitis remain
poorly understood. Accordingly, we undertook a systematic review and meta-analysis of clinical and laboratory factors influenc-
ing neurological outcomes following infectious encephalitis.

Methods: We searched MEDLINE and EMBASE from inception to 25th September 2023 for observational studies that re-
ported on neurological outcomes at discharge or at > 6 months. We assessed the prognostic value of a priori selected clinical and
laboratory-based features by estimating pooled risk ratios (RRs) through a random-effects meta-analysis. The I? statistic was
used to assess heterogeneity. This study is registered with PROSPERO (CRD42023485045).

Results: There were several key findings. First, immunocompromised status, status epilepticus, and Glasgow coma scale of <8
during initial admission were significantly associated with poor neurological outcomes both at discharge and > 6 months after
infectious encephalitis onset. Second, CSF leucocytosis [RR: 0.83 95% CI: 0.69-0.98, p=0.03, n=>5, I?’=0%| conferred better
neurological outcomes while elevated CSF protein [RR: 1.25 95% CI: 1.07-1.46, p=0.006, n="7, I>*=0%] was linked to worse neu-
rological outcomes at discharge. Third, there was no significant association between adjunct steroid therapy and neurological
outcomes at discharge and > 6 months.

Discussion: This is the first systematic review and meta-analysis to investigate prognostic factors linked to neurological out-
comes following infectious encephalitis. The results highlight the prognostic value of a range of easily accessible clinical and
laboratory parameters.

1 | Introduction condition can arise from a diverse range of pathogens, nota-

bly viruses such as herpes simplex and Japanese encephalitis,
Infectious encephalitis (IE) refers to inflammation in the as well as parasites including Toxoplasma gondii. IE dispro-
brain parenchyma precipitated by an infectious agent. This  portionately affects the youngest and oldest people in the

Defne Saatci and Lahiru Handunnetthi contributed equally to this work.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2025 The Author(s). European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology.

European Journal of Neurology, 2025; 32:€70445 1of14
https://doi.org/10.1111/ene.70445


https://doi.org/10.1111/ene.70445
https://doi.org/10.1111/ene.70445
https://orcid.org/0000-0002-1817-9817
mailto:
mailto:lahiru.handunnetthi@well.ox.ac.uk
http://creativecommons.org/licenses/by/4.0/

population [1, 2]. It is associated with high rates of mortality
and morbidity and represents a substantial economic burden
globally [3-5]. Despite this disease burden, our understanding
of prognostic factors such as clinical features and laboratory
markers associated with mortality and morbidity outcomes is
poor. Further research in this area is needed for effective risk
stratification, targeted rehabilitative follow-up, and allocation
of healthcare resources.

Our current knowledge of prognostic factors in IE is predomi-
nantly derived from small, often single-centre, hospital-based
cohort studies that focus on either pathogen-specific or mixed
aetiologies [6-9]. Whilst the underlying aetiology of the in-
fectious agent is important, it is essential that we understand
the role of other prognostic factors for several key reasons.
First, the pathological mechanisms underlying brain paren-
chymal injury involve not only direct pathogen-mediated
damage but also the host immune responses. In particular,
dysregulated or excessive immune activation can exacerbate
neuronal injury [10, 11]. Second, identification of the caus-
ative organism is often a diagnostic challenge, and thus, even
in well-resourced healthcare settings, in approximately 50%
of the cases, the pathogen remains unidentified [12]. Third,
prognostication whilst awaiting the identification of a patho-
gen is a common clinical challenge. Fourth, IE is a global dis-
ease, and it is important that research reflects the demands of
resource-limited settings of low to middle-income countries
(LMICs) with a paucity of diagnostic tools such as PCR ma-
chines [13]. Therefore, there is a need to assess the prognostic
value of readily identifiable and universally accessible clinical
and laboratory features.

Several clinical and laboratory factors, such as advanced age
and ICU admission, provide prognostic value in determining
mortality and neurological disability following IE [14, 15].
However, most studies are restricted by their small sample
size and report conflicting results. For example, the prognos-
tic value of seizures in relation to poor neurological outcomes
at discharge has been studied through several multi-centre
prospective cohorts [14, 16, 17]. Evidence, however, remains
inconclusive, with some studies reporting a positive associa-
tion between seizures and adverse outcomes [14], while others
report a non-significant relationship [16, 17]. This highlights
the need for further research in the area. Accordingly, we con-
ducted a systematic review and meta-analysis of cohort and
cross-sectional studies to investigate the clinical and laboratory
features of IE patients and their relationship to mortality and
neurological disability outcomes.

2 | Methods
2.1 | Search Strategy

We identified potentially eligible studies by systematically
searching, with no language restrictions, MEDLINE and
EMBASE from inception to 25th September 2023. Our search
strategy used subject headings and keywords such as ‘infection’,
‘encephalitis’, ‘viral’, ‘bacterial’, ‘parasitic’, ‘risk factor’, ‘risk’,
‘predictor’, ‘prognosis’, ‘death’, ‘mortality’, and ‘outcome’. Our
full search criteria are detailed in File SI.

2.2 | Study Selection

Eligible studies underwent title and abstract screening by two
authors (D.S. and T.J.) to select for full-text review. Any dis-
agreements were resolved through assessment by a third re-
viewer (LH). Any studies published in a different language were
translated and included in our study if appropriate. Authors of
studies that were only available as abstracts were contacted to
retrieve the full text. Unpublished conference abstracts were ex-
cluded. After study selection, bibliographies of included studies
were manually screened to ensure all available studies matching
our inclusion criteria had been identified.

Inclusion criteria were (i) a primary cohort study or case series
of IE; (ii) involve more than 10 participants; (iii) investigate clin-
ical and laboratory features; and (iv) report on a clinical outcome
(mortality and/or neurological disability) within a 5-year period.
In studies where the proportion of non-IE patients was quan-
tified, we included any study where non-infectious aetiologies
comprised < 10% of the patient cohort. Articles that reported the
same hospital of recruitment, period of study, and associated
factors were identified as duplicates, and only one study with
the largest sample size was included.

2.3 | Data Extraction and Quality Assessment

We extracted data from included studies using a standardised
form, which required information on year of study, study design,
population characteristics (country, average/median age, ethnic-
ity, socioeconomic status, aetiology, male: female ratio, ICU vs.
non-ICU cohort), measures of outcome, outcome timeframe, and
major results (Table 1; Table S1). To assess the quality and risk of
the included studies, the Newcastle-Ottawa scale and quality in
prognostic factor studies (QUIPS) tool were used (Table 1; File S2).

2.4 | Prognostic Factors of Interest

To maximise the objectivity, and therefore clinical utility of the
results of our meta-analysis, we chose to focus on quantifiable
prognostic factors and/or those with standardised, internation-
ally recognised criteria. These included demographic factors
(including sex, age, deprivation level, and ethnicity), geogra-
phy (as defined by location of recruitment in rural suburban, or
urban areas), seizure activity or diagnosis of epilepsy during ad-
mission, focal neurological signs during admission, physiolog-
ical parameters (including fever and shock), blood test results,
CSF markers, microbiology, neuroimaging (including CT and
MRI), and medication (specifically: steroids, anti-seizures, and
osmotherapies). When studies did not provide their own defini-
tions for continuous variables, such as CSF pleocytosis and pro-
tein count, we used internationally recognised definitions and
thresholds and individual patient data to classify patients into
‘exposed’ or ‘unexposed’ groups (File S3).

2.5 | Outcomes of Interest

There were two primary outcomes of interest: mortality alone
and neurological disability defined by standardised rating scales.
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All studies reporting on mortality alone were analysed sepa-
rately. Studies reporting composite outcomes that included both
mortality and neurological disability using the modified Rankin
scale (mRS), Glasgow Outcome scale (GOS), and Liverpool
Outcome scale (LOS) were analysed together. Using previously
published evidence, we were able to combine the mRS and GOS
to generate a binary ‘good” and ‘poor’ neurological outcome that
could be subject to meta-analysis [18]. For example, an mRS
score of 0-2 and GOS score of 4-5 were categorised as ‘good neu-
rological outcome’ while an mRS score of 3-6 and GOS score of
1-3 were categorised as ‘poor neurological outcome’. To evalu-
ate this categorisation approach and assess comparability across
these standardised rating scales, we first conducted an epistemic
analysis of semantics in relation to the mRS and GOS [19]. Next,
using a panel of clinicians (D.S., T.J., and L.H.), we calculated
inter-rater reliability as well as correlation across these scales
of neurological disability by using different clinical scenarios
(File S4). Furthermore, we carried out sensitivity analyses for
the three most widely reported exposures in which studies using
mRS and GOS were excluded to evaluate whether the direction
of effect reported by studies using non-standard outcome mea-
sures differed.

When follow-up times varied within a cohort study, the median
or mean follow-up time was used to categorise the timeframe
of the clinical outcome. Using these rules, we organised stud-
ies into three groups for meta-analysis: (i) discharge mortality
alone, (ii) poor neurological outcome at discharge, and (iii) poor
neurological outcome at 6 months to 5years. These timepoints
were selected to delineate patient cohorts with either ‘short-
term’ or ‘long-term’ outcomes where possible.

2.6 | Statistical Analysis

Each prognostic factor was analysed separately to calculate
pooled risk ratios (RRs) in a generic inverse variance random-
effects model due to the assumed heterogeneity of our patient
cohorts.

Heterogeneity between studies was assessed using the I? statis-
tic. The levels of heterogeneity were categorised as low (<25%),
low to moderate (25% to < 50%), moderate to high (50% to < 75%),
or high (>75%) [20]. To investigate the robustness of the pooled
estimates, a sensitivity analysis was done in which studies with
non-representative patient cohorts (immunologically compro-
mised or requiring intensive care) or extreme effect sizes were
removed.

Publication bias was assessed either using Egger's test (if studies
>10) or funnel plots [21]. All analyses were carried out using
Review Manager 5.4 and the R package (Version 2023.12.1+402)
‘meta’ [22, 23].

Subgroup analyses were carried out for patient factors identified
in our study protocol a priori. Subgroup analyses included (1)
the infectious aetiology of their patient cohort using CSF-based
evidence, (2) the infectious aetiology of their patient cohort ac-
cording to individual study definitions, (3) paediatric and adult
cohorts to investigate the effect of age on different exposure ef-
fect sizes, and (4) ICU patient cohorts to ensure the applicability

of prognostic factors across IE patients with different severities
of illness. We assigned ‘paediatric’ or ‘adult’ descriptors to each
study cohort based on the study definition.

3 | Results

Out of a total of 3629 studies, 56 studies encompassing 15,385
patients were eligible for inclusion in our meta-analysis
(Figure 1 and Table 1). The age range of patient cohorts
spanned across paediatric and adult populations, with 20, 26,
and 9 studies reporting on adult, paediatric, and mixed (all-
ages) categories, respectively. Using the Newcastle-Ottawa
scale, we rated 90% of our included studies as ‘high quality’
(Table 1). Using the QUIPS tool, we also carried out an in-
depth evaluation of our included prognostic studies and our
assessment showed that 15 studies received an assessment
of low risk of bias across all 6 domains, and 33 studies had
low risk of bias in the prognostic factor measurement domain
(File S2).

Twenty-eight studies provided evidence of an infectious ae-
tiology using CSF- and/or serum-based tests. Fourteen stud-
ies identified an infectious agent in the CSF. Consistent with

3,629 studies identified from electronic
database searches and screened after
removal of duplicates.

3,304 studies excluded after
title and abstract screening.

A 4

325 studies screened for eligibility criteria.

269 studies excluded after full
text screening.

89 studies had an
inappropriate patient
population.

66 studies did not report data
that could be analysed.

44 studies had inappropriate
outcomes.

25 studies were linked to
conference abstracts.

20 studies did not have
accessible full text data.

9 studies used data from
overlapping patient cohorts.
12 studies used an
inappropriate study design.
4 studies were duplicates of
excluded studies.

\ 4

A 4

56 studies eligible for inclusion providing
data on 15,385 patients included in meta-
analysis.

FIGURE1 | Study selection.
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sis, CSF hypoglycorrhachia, CSF protein, EEG abnormality, CT Modi et al., 2017 0.0000 0.2606 F Y 100 [0.60; 167]
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Nineteen studies reported on mortality at discharge, and six
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o
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For the outcome mortality at discharge, seven studies reported
on paediatric patients (File S5). We observed an increase in
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Heterogeneity was reported as low or low to moderate for 5 out

of the 6 clinical and laboratory features significantly associ- FIGURE 2 | Risk ratio of the effect of clinical and laboratory expo-
ated with risk of mortality at discharge. The moderate-to-high sures on mortality at discharge.
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heterogeneity associated with CSF elevated protein was reduced
to 37% in our sensitivity analysis (pooled RR: 3.27 [95% CI:
1.49-7.19], p=0.003, n=5, I*=37%) when we removed the study
suggesting that CSF elevated protein level was associated with
a lower risk of mortality at discharge, opposing the direction of
effect reported by the other five studies [8]. For this outcome, the
removal of other individual studies based on extreme effect sizes
did not change the direction of effect for any exposure. Similarly,
the removal of a single study reporting on an ICU-only cohort
did not influence heterogeneity or the direction of effect of any
exposure (File S5) [24].

3.1.4 | Publication Bias

Neither funnel plot analysis nor Egger's test revealed any evi-
dence of publication bias (File S6).

3.2 | Poor Neurological Outcome at Discharge
3.2.1 | Results Summary

Twenty-two studies reported on neurological outcome at dis-
charge, and 12 clinical and laboratory factors were associated
with this outcome (Figure 3). Regarding demographic expo-
sures, male sex reduced the risk of poor neurological outcomes
at discharge (pooled RR: 0.88 [95% CI: 0.80-0.98], p=0.01,
n=14, I’=0%), whilst living in a ‘rural’ (versus suburban or
urban) region increased the risk of poor neurological outcomes
(pooled RR: 2.14 [95% CI: 1.10-4.17], p=0.02, n=4, >=16%).

3.2.1.1 | Clinical Features. Immunocompromised (pooled
RR: 2.10 [95% CI: 1.07-4.09], p=0.03, n=4, I>=84%), seizure
activity (pooled RR: 1.45 [95% CI: 1.11-1.90], p=0.007, n=13,
I>=78%) and status epilepticus (pooled RR: 1.96 [95% CI: 1.12—
3.41], p=0.02, n=>5, I>’=63%), were associated with poor neuro-
logical outcomes at discharge.

3.2.1.2 | Laboratory Features and Investigations. CSF
elevated protein level (pooled RR: 1.25 [95% CI: 1.07-1.46],
p=0.006, n=7, I’=0%), CSF hypoglycorrhachia (pooled RR:
1.25 [95% CI: 1.03-1.52], p=0.03, n=3, I’=0%), and electro-
encephalography (EEG) abnormalities (pooled RR: 1.47 [95%
CI: 1.14-1.89], p=0.003, n=6, I?’=0%) significantly increased
the risk of poor neurological outcomes at discharge. CSF leu-
cocytosis reduced the risk of poor neurological outcomes at
discharge (pooled RR: 0.83 [95% CI: 0.69-0.98], p=0.03, n=>5,
I’=0%). The association between serum thrombocytopae-
nia and poor neurological outcome (pooled RR: 1.65 [95% CI:
1.00-2.73], p=0.05, n =2, I*=12%) at discharge trended towards
significance.

3.2.1.3 | Level of Consciousness and Critical Care Fac-
tors. GCS <8 on or during admission (pooled RR: 2.45 [95%
CI: 2.02-2.99], p<0.00001, n =12, I*=52%), intubation and ven-
tilation (pooled RR: 3.62 [95% CI: 2.30-5.70], p<0.00001, n=7,
I’=88%), and osmotherapy (pooled RR: 2.37 [95% CI: 2.00-
2.80], p<0.00001, n=4, I>=0%) significantly increased the risk
of poor neurological outcomes at discharge. Adjunctive steroid
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FIGURE 3 | Risk ratio of the effect of clinical and laboratory expo-
sures on poor neurological outcome at discharge.
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risk of poor neurological outcomes at > 6 months. Adjunctive ste-
roid therapy was not associated with the risk of poor neurologi-
cal outcome at > 6 months (pooled RR: 1.50 [95% CI: 0.72-3.10],
p=0.28, n=3,1>°=0%).

3.4.2 | Subgroup Analysis

For poor neurological outcomes at > 6 months follow-up, 7 stud-
ies reported on paediatric patients (File S5). We found that status
epilepticus increased the risk of poor neurological outcomes at
> 6months to a greater extent in paediatric cohorts (pooled RR:
3.28 [95% CI: 1.01-10.66], p=0.05, n=3, ’=94%) than in adult
and mixed cohorts (pooled RR:1.83 [95% CI:1.15-2.93], p=0.01,
n=3,I>=0%). We also found that GCS < 8 significantly increased
the risk of poor neurological outcomes at >6months in paedi-
atric cohorts (pooled RR: 4.91 [95% CI: 2.95-8.17], p<0.00001,
n=4,>=0%) as well as adult or mixed cohorts (pooled RR: 2.77
[95% CI: 2.11-3.64], p<0.00001, n=>5, I>=20%).

For poor neurological outcomes at >6months follow-up, six
studies reported on JEV-only patients and five studies reported
on HSV-only patients (File S5). Seizure activity increased the
risk of poor neurological outcomes at >6months in JEV-only
cohorts (pooled RR: 3.10 [95% CI: 1.24-7.71], p<0.00001, n=4,
I>=89%), but not in HSV-only cohorts (pooled RR: 0.86 [95%
CI: 0.61-1.22], p<0.39, n=4, I*=0). Status epilepticus was also
found to be associated with a higher risk of poor neurological
outcomes at >6months in JEV-only cohorts (pooled RR: 5.49
[95% CI: 3.32-9.08], p<0.00001, n=2, ’=0%) and HSV-only
cohorts (pooled RR: 1.94 [95% CI: 1.18-3.19], p=0.009, n=6,
2=0%).

3.4.3 | Heterogeneity Assessment

Heterogeneity was reported as low or low to moderate for 4 out
of the 7 factors significantly associated with poor neurological
outcomes at > 6 months follow-up. The heterogeneity associated
with seizure activity and status epilepticus reduced substan-
tially when accounting for age and aetiology. In our sensitivity
analysis of studies investigating the requirement for intubation
and ventilation, the removal of two studies with outlier effect
sizes did not change the direction of effect (File S5) [9, 25].

3.4.4 | Publication Bias

Neither funnel plot analysis nor Egger's test revealed any evi-
dence of publication bias (File S6).

4 | Discussion

This systematic review and meta-analysis of 56 studies encom-
passing 15,385 patients identified demographic, clinical, and
laboratory features associated with mortality and poor neuro-
logical outcomes following IE. Several key findings emerged
from this analysis. First, a number of factors were significantly
associated with poor neurological outcomes both at discharge
and 6months or more after the onset of IE. These included

immunocompromised status, epilepticus during admission,
a GCS score of less than 8 during admission. Second, specific
laboratory findings such as elevated CSF protein were linked
to worse neurological outcomes at discharge, whereas CSF leu-
cocytosis conferred better neurological prognosis at this time
point. Third, the role of adjunct steroid therapy was evaluated,
and our results found no significant association with neurolog-
ical outcomes at discharge and 6 months after the onset of IE.

Seizure activity and status epilepticus are common manifesta-
tions of IE, particularly amongst viral encephalitides such as
JEV [23], and were associated with poor short- and long-term
neurological outcomes in our study. In addition, our subgroup
analyses showed that paediatric-only cohorts are particularly
vulnerable to the effects of seizure activity. This may reflect
the vulnerability of key neurodevelopmental processes that
can result in poor long-term neurological outcomes [26, 27].
Collectively, these findings carry clinical implications. It is
possible that active monitoring and controlling seizure activity
could, in turn, help to achieve better neurological outcomes fol-
lowing IE. Furthermore, identifying vulnerable patients with
protracted seizure activity could help to prioritise those for ad-
mission to critical care units who would benefit from sparse in-
tensivist resources.

IE patients require intubation and ventilation due to the risk of
airway compromise and loss of ventilatory drive [28]. GCS <8
and the requirement for intubation and ventilation were asso-
ciated with poor outcomes at all timepoints. Hypoxic insults
secondary to airway compromise, thromboembolic events,
microhaemorrhages, and hospital-acquired infections may all
damage the brain parenchyma in the critical care setting, in
addition to metabolic and inflammatory threats posed by the
infection itself [29, 30]. Focal and global neurological deficits
are well-documented complications of recovery after critical ill-
ness [31, 32]. In our subgroup analyses, we observed that JEV
patients with GCS <8 are at a lower risk of discharge mortality
when compared to non-JEV patients. This may be due to sur-
vivor bias and the predominance of paediatric patients in the
subgroup [7, 8, 33].

Importantly, we found CSF leucocytosis has a protective effect
and may serve as an early indicator of better neurological out-
comes. This information could support clinical and escalation
of care decision-making. This is also consistent with our ob-
servation that immunocompromised patients are at high risk
of poor neurological outcomes. Indeed, the protective effect of
CSF pleocytosis has previously been reported in immunocom-
promised HSV-E patients [34]. A robust leucocytosis in the CSF
may indicate the effectiveness of the immune response in the
CNS compartment. Mouse models suggest that this is likely to
be immune cell and pathogen-specific [35-38]. Further work
should focus on immune cell- and aetiology-specific analysis of
CSF composition of immunocompetent IE patients in relation to
neurological outcomes.

CSF elevated protein increased the risk of poor neurolog-
ical outcome at discharge. Failure of the immune system to
control infection may result in direct damage to the brain
parenchyma and blood-brain barrier. Therefore, a rise in in-
trathecal protein concentrations could reflect uncontrolled
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neuroinflammatory processes [39-42] Further, our results
showed serum thrombocytopaenia trended towards an asso-
ciation with poor neurological outcomes at discharge. This is
consistent with previous findings that thrombocytopaenia is
an independent predictor of worse outcomes in patients with
sepsis [43, 44], and may increase the risk of cerebral microhae-
morrhages in IE [45].

We also found that steroid therapy had no impact on neurolog-
ical outcomes in patients with IE at discharge and > 6 months.
This is broadly consistent with the results of several limited co-
hort studies, although steroid therapy appears to be beneficial
in some animal models of IE [46, 47]. The large, multi-centre,
prospective randomised clinical trial ‘DexEnceph’ aims to inves-
tigate the benefit of steroids in patients with HSV-E [48]. The re-
sults from this study will help to provide more granular insights
into steroid treatment in IE.

4.1 | Strengths and Limitations

This meta-analysis has several strengths. First, our results re-
flect the global burden of IE and included cohort studies from
every major continent. This is therefore the first meta-analysis
on this topic with more than 15,000 patients to date. Second, we
conducted a rigorous systematic review to identify studies, and
after selection, we took several steps to maximise the compara-
bility of studies by grouping them according to available clinical
data, outcomes, and outcome timeframe. Third, we systemati-
cally explored study heterogeneity through sensitivity analysis
and subgroup analyses and identified high-risk patient groups
and aetiology-specific prognostic factors. Finally, our focus on
readily available clinical and laboratory factors is of particular
value to clinical decision-making in resource-limited LMICs,
many of which are disproportionately impacted by the global
burden of IE.

This meta-analysis also has several limitations. The majority of
studies included in this meta-analysis were single-centre cohort
studies which are at risk of selection and information bias. We
mitigated the potential impact of this by using a random-effects
model in our meta-analysis. Due to the intrinsic heterogeneity
of IE patient cohorts, inclusion criterion varied considerably be-
tween studies. In some instances, patients were only included
when an infectious aetiology was established through PCR or
serological analysis and/or all non-infectious causes of enceph-
alitis had been excluded. In contrast, other studies were solely
reliant on the international guidelines for encephalitis and/or
epidemiological evidence, such as the extraction of data from
patients during an epidemic. We accounted for this heterogene-
ity by performing subgroup analyses of studies with PCR and/or
serological evidence of an infectious aetiology. These analyses
consistently showed the same direction of effect when all studies
were accounted for.

Whilst the identified prognostic factors might provide some in-
sight into management when the causative organism remains
unidentified, their generalisability is limited because of the over-
representation of single pathogens, such as HSV and JEV, in our
analyses. To address this, we carried out subgroup analyses

where possible but further meta-analyses of larger mixed co-
horts amenable to multi-variate regression analyses will be re-
quired to identify pathogen-independent prognostic factors.

Given the observational nature of the included studies, our
findings regarding the efficacy of steroid therapy should be
interpreted with caution. Although steroid use was not associ-
ated with poor neurological outcomes at discharge or beyond
6 months, treatment decisions may have been influenced by fac-
tors such as disease severity and comorbidities, introducing con-
founding by indication. Furthermore, the inclusion of patients
at the time of admission may have biased the results in favour
of those who survived long enough to receive steroid therapy,
thereby introducing immortal time bias. Randomised clinical
trials are necessary to evaluate the potential benefits of steroid
therapy in reducing poor neurological outcomes following viral
encephalitis.

The inconsistent reporting of our chosen variables by each of
these cohorts also restricted the number of studies we could
include in each comparison. Our decision to focus on objective
clinical and laboratory features in order to maximise applica-
bility in a clinical setting may have also led to the exclusion
of subjective exposures, such as signs of meningeal irritation,
which may have prognostic value. In addition, we grouped stud-
ies using different clinical assessment tools, including the mRS,
GOS, and LOS, as well as other tools. To account for this hetero-
geneity and ensure maximum comparability between studies,
we reviewed and compared the outcome definitions in sensi-
tivity analyses. These analyses consistently showed the same
direction of effect reported by both established and alternative
indices of neurological disability for exposures: biological sex
(male), seizure activity, and GCS <8 (File S5).

4.2 | Summary

We report, to our knowledge, the first systematic review to as-
sess multiple clinical and laboratory features that can impact
mortality and neurological disability following IE. Our find-
ings identify universally accessible and clinically actionable
prognostic factors to guide risk stratification, optimise resource
allocation, and improve global patient outcomes, especially in
resource-limited settings.
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