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Encephalitis is an infective or inflammatory disorder of the 
brain causing acute encephalopathy. Several clinical sub-
types can be recognized based on major signs and symp-
toms, neuroimaging findings, microbial causative agents, 
and autoantibodies detected in cerebrospinal fluid (CSF) or 
serum. Other aetiologies, as with febrile infection-related 

epilepsy syndrome (FIRES) or acute necrotizing encepha-
lopathy, may cause acute encephalopathy and meet the diag-
nostic criteria of acute encephalitis.

Paediatric encephalitis is estimated to cause up to a 13% 
risk of death and 78% risk of neurological sequelae during 
1 to 5 years of follow-up.1–8 In a few studies reporting the 
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Abstract
Aim: To investigate the severity of acute phase magnetic resonance imaging (MRI) 
findings and severity of acute illness as risk factors for disability after recovery from 
encephalitis.
Method: Children with encephalitis (n = 98; median age 6 years 10 months, inter-
quartile range 3 years–11 years 6 months; 59 males, 39 females) treated in Turku 
University Hospital during the years 1995 to 2016 were identified in this retrospec-
tive cohort study. The acute phase (<2 months of symptom onset) brain MRIs were 
re-evaluated and classified based on the severity of neuroimaging finding by a neu-
roradiologist. Neurological outcome at discharge, at short-term (<3 months from 
discharge) follow-up, and at long-term (>1 year from discharge) follow-up was as-
sessed from medical records using the Glasgow Outcome Scale.
Results: Long-term recovery was poor in 24 of 82 (29%) children with follow-up data. 
Two children died, eight had severe disability, and 14 had moderate disability. Acute 
phase MRI was available for re-evaluation from 74 of 82 patients with follow-up data. 
The increasing severity of MRI findings was associated with need for ventilator ther-
apy and with poor recovery.
Interpretation: The risk for poor recovery in paediatric encephalitis is high, and it is 
associated with the severity of MRI findings.
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degree of disability using both standardized performance 
methods and at least 1 year of follow-up after hospital dis-
charge, the rate of moderate or severe disability affecting 
school performance or causing dependence has been re-
ported as 13% to 33%.9–12

Neuroimaging findings in childhood encephalitis differ 
from adults,13–16 and range from normal magnetic resonance 
imaging (MRI) to severe haemorrhagic/necrotizing lesions 
and brain edema.17 The association between abnormal brain 
MRI findings with severe clinical presentation and short-
term outcome of encephalitis has been reported.1,18 The 
severity of brain MRI findings is also directly correlated 
with length of hospitalization.17 Poor long-term outcome is 
associated with abnormal brain MRI,5,6,10 and parenchymal 
involvement,12 areas with diffusion restriction,11 and focal 
cortical findings4,19 on brain MRI.

Other risk factors, such as young age,2,3,8 microbial ae-
tiology (especially herpes simplex virus),11,12 recurrent 
seizures,4,6,19 and need for intensive care unit (ICU)11 or 
ventilator therapy20 are also associated with poor outcome. 
Need for extra support at school before encephalitis may pre-
dispose to longer hospitalization.21

We aimed to study the prevalence of long-term neurologi-
cal disability after recovery from paediatric encephalitis and 
acute infective encephalopathy, and the association of acute 
phase neuroimaging findings with long-term disability. We 
hypothesized that the severity of acute phase brain MRI 
findings was associated with long-term neurological disabil-
ity measured by the Glasgow Outcome Scale (GOS).

M ETHOD

The patients treated for acute encephalitis at 0 to 16 years of 
age in our institution, during the years 1995 to 2016, were 
retrospectively identified from the electronic medical record 
system using the International Classification of Diseases, 
10th Revision (ICD-10) codes referring to a diagnosis of 
acute central nervous system infection (A80–89, G00–09, 
and G51–52). Medical records of all patients with one or sev-
eral of the above-listed diagnoses were examined to confirm 
the diagnosis of encephalitis.

The diagnosis of encephalitis was determined as acute 
encephalopathy (altered level of consciousness, altered be-
haviour, or ataxia) lasting 24 hours or longer, occurring with 
or without findings of acute neurological defect, with pre-
vious or concurrent symptoms of infectious disease (fever, 
respiratory tract symptoms, or gastrointestinal symptoms), 
and either CSF, electroencephalogram (EEG), or neuroim-
aging findings consistent with encephalitis. CSF findings 
consistent with encephalitis were pleocytosis (CSF leuko-
cyte count >5x106/L), elevated protein concentration (>400 
mg/L in children aged 2 years–13 years 11 months and >450 
mg/L in children aged 14 years–15 years 11 months), or pos-
itive polymerase chain reaction test for known causative 
microbial agent of encephalitis. General and/or focal disor-
der with or without epileptiform activity were regarded as 

EEG findings consistent with encephalitis. Cortical or basal 
ganglia oedema, diffusion restriction, haemorrhage, hydro-
cephalus and parenchymal, meningeal, or cranial nerve en-
hancement were considered encephalitis-related pathology 
on brain MRI.

To confirm brain MRI findings consistent with acute en-
cephalitis, a neuroradiologist (MN) blinded to the outcome 
results re-evaluated the MRI scans for any encephalitis-
related pathology. The severity of MRI findings in acute 
phase (<2 months of symptoms onset) was classified ac-
cording to Bykowski et al.:17 (1) normal MRI, (2) meningeal 
enhancement and/or focal non-enhancing lesion, (3) multi-
focal lesions, (4) confluent lesions, and (5) lesions plus dif-
fusion restriction, haemorrhage, or hydrocephalus. We also 

What this paper adds

•	 Poor long-term recovery was found in 29% of 
children with encephalitis.

•	 Severe disability measured by Glasgow Outcome 
Scale was found in 8%.

•	 The most severe neuroimaging findings were a 
risk factor for severe acute illness and poor long-
term recovery.

F I G U R E  1   Examples of the abnormal brain magnetic resonance 
imaging findings in different severity categories: (a) meningeal 
enhancement (category 2), (b) multiple focal brain lesions (category 3), 
(c) confluent brain lesions (category 4), (d) hemorrhagic brain lesions 
(category 5).

(a)

(c)

(b)

(d)
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classified isolated cranial nerve enhancement in category 2. 
Figure 1 shows examples of brain MRI findings of the differ-
ent severity categories.

Microbial aetiology was investigated by standard labora-
tory methods used during the patient’s acute disease episode 
and findings were divided by two clinicians (HP and VP) 
into two groups: (1) confirmed or probable, and (2) uncer-
tain or unknown. Microbial aetiology was defined as ‘con-
firmed’ when there was a positive polymerase chain reaction 
or immunoglobulin M (IgM) antibody result in the CSF for 
a typical encephalitis-causing pathogen and ‘probable’ when 
there was a positive CSF antigen test for any pathogen; an 
antibody response in the CSF for an atypical encephali-
tis pathogen; or a positive IgM antibody result in a single 
serum sample, a seroconversion, or an increase in immuno-
globulin G (IgG) antibody levels in paired sera for a typi-
cal encephalitis-causing pathogen. Also, in a case with an 
onset of clinically diagnosed varicella 4 days before develop-
ment of encephalitis, the aetiology was defined as probable. 
The aetiology was defined as ‘uncertain’ when a potential 
encephalitis-causing pathogen was detected by polymerase 
chain reaction or antigen test from nasopharyngeal, pharyn-
geal, tracheal, or faecal specimen, or by high IgG antibodies 
in a single serum sample. In statistical analyses, respiratory 
viruses (rhinovirus, enterovirus, adenovirus, parainfluenza 
virus, or influenza A or B virus) were defined as one cat-
egory of microbial aetiology, and each other microbe as a 
separate category.

Neurological outcome was scored according to the GOS: 
(1) good recovery (resumption of normal activities even 
though there may be minor neurological or psychological 
deficits); (2) moderate disability (disabled but independent); 
(3) severe disability (dependent on others for daily support); 
(4) persistent vegetative state (no cortical function); and (5) 
death.22 The age-appropriate level of function in children 
was defined according to Beers et al.23 When assessing chil-
dren with previous developmental disorders or neurological/
neuropsychiatric diseases, premorbid level of function was 
weighed in relation to the neurological outcome. The as-
sessment of the neurological outcome was performed by a 
paediatric neurologist (HP) retrospectively according to the 
medical records at discharge, at short-term (<3 months of 
discharge) and at long-term (≥1 year from acute encephali-
tis) clinical follow-up. Based on outcome assessment, chil-
dren were divided into two groups: good recovery (GOS 1) 
and poor recovery (GOS 2–5). An increasing GOS category 
indicated the increasing degree of disability.

Seven subtypes of encephalitis or clinical entities pre-
senting as acute encephalopathies were determined by two 
paediatric neurologists (HP and TL), based on clinical fea-
tures of illness during hospitalization and clinical follow-up. 
These were (1) autoimmune encephalitis (AIE; intrathecal 
immunological reaction, e.g. elevated CSF IgG index or oli-
goclonal bands with/without specific autoimmune antibod-
ies, together with typical symptoms, such as acute movement 
disorder, neuropsychiatric symptoms, and/or autonomic 
dysfunction); (2) acute necrotizing encephalopathy (typical 

necrotizing lesions of brain MRI together with RANBP gene 
mutation; (3) acute demyelinating encephalomyelitis (multi-
ple, bilateral, asymmetric, poorly marginated, and demyelin-
ated lesions of deep grey and white matter in brain MRI); (4) 
cerebellitis (evident cerebellar symptoms, e.g. ataxia or co-
ordination problems without major cortical symptoms and 
with/without confirmed microbial aetiology); (5) encepha-
litis with confirmed microbial aetiology (the cases did not 
meet the criteria of other encephalitis subtypes; a causative 
agent for encephalitis was found); (6) encephalitis without 
confirmed microbial aetiology (the cases did not meet the 
criteria of other encephalitis subtypes; a microbial causative 
agent for encephalitis was not found); and (7) FIRES.

Statistical analysis

Continuous variables were summarized using median with 
lower (Q1) and upper (Q3) quartiles, and categorical vari-
ables with counts and percentages. The following dependent 
variables were studied: poor recovery, degree of disability, 
and neuroimaging severity category (1–5) (ordinal vari-
ables). The following predictor variables were studied in the 
models: need for ICU, need for ventilator therapy, need for 
antiseizure medication, detected CSF pleocytosis, abnormal 
EEG, sex, category of probable/confirmed microbial agent, 
microbial aetiology category, encephalitis subtype (catego-
rial variables), age at acute illness onset, and length of hos-
pitalization (quantitative variables). Univariate association 
between dependent variables and categorical predictive vari-
ables were studied using a χ2 test or Fisher’s exact test when 
both were categorical variables, and the Mann–Whitney 
U test or Kruskal–Wallis test otherwise. The association 
between poor long-term recovery (response), and need for 
ventilator therapy, age, and neuroimaging severity category 
(predictors) were examined with cumulative logistic regres-
sion. Odds ratios (OR) together with 95% confidence inter-
vals are reported. A significance level of 0.05 (two-tailed) 
was used. The data analysis was done using SAS software 
(version 9.4 of the SAS System for Windows; SAS Institute, 
Cary, NC, USA).

Ethics

The study was approved by the Institutional Review Board at 
the Turku Clinical Research Centre with a statement that an 
ethic committee review was not needed for this retrospective 
analysis of data collected during routine patient care.

R E SU LTS

We identified 98 children fulfilling our criteria for en-
cephalitis. The median age of patients was 6 years 10 
months (Q1 3 years, Q3 11 years 6 months), and 59 (60%) 
patients were male. One child had nephrotic syndrome and 
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immunosuppressive treatment whereas the others had no 
significant comorbidities before encephalitis. Nine children 
had obvious developmental delay (learning or motor dis-
ability) before encephalitis onset, and eight children were 
born preterm (<37 gestational weeks), two of them very pre-
term (<32 gestational weeks). None of the patients had epi-
lepsy before the onset of encephalitis. Four children had two 
separate episodes of infection-associated encephalitis, two 
of them later classified as acute necrotizing encephalopathy 
due to RANBP2 mutation.24

The most common neurological symptoms at the onset 
of acute disease were abnormal consciousness in 75, head-
ache in 44, and seizures in 37 children. A total of 58 children 
had fever, 56 gastrointestinal symptoms, and 30 respiratory 
symptoms. CSF pleocytosis was detected in 65 of 98 and ab-
normal EEG in 71 of 88 children studied. The demographic 
data of patients (n = 98) is shown in Table 1.

Microbial diagnosis was confirmed in 38 children. The ae-
tiologies were human herpes virus 6 or 7 in 10, Mycoplasma 
pneumoniae in seven, herpes simplex virus in four, Borrelia 
burgdorferi in four, enterovirus in three, and tick-borne en-
cephalitis virus in three children. Parainfluenza virus, rhi-
novirus, adenovirus, Epstein–Barr virus, varicella-zoster 
virus, cytomegalovirus, and Streptococcus pneumoniae, 
each in one child, were also confirmed aetiologies. In one 
patient, the polymerase chain reaction test for human herpes 
virus 7 from CSF and antibody test for tick-borne encephali-
tis virus from CSF and serum were positive.

The final diagnosis was encephalitis without con-
firmed microbial aetiology in 42, encephalitis with con-
firmed microbial aetiology in 25, acute demyelinating 
encephalomyelitis in 10, cerebellitis in eight, and AIE in 
seven children. In clinical follow-up, the diagnosis of six 
children turned out to be infection-related encephalop-
athies: three cases of FIRES25,26 and three cases of acute 
necrotizing encephalopathy due to RANBP2 mutation.24 
AIE presented with acute movement disorder, neuropsy-
chiatric symptoms, and/or autonomic dysfunction to-
gether with intrathecal immune reaction, and one child 
also had positive voltage-gated potassium channel com-
plex antibodies in serum.

AIE-related autoantibodies were studied in 12 chil-
dren, treated in the years 2010 to 2017. The studied auto-
antibodies were N-methyl-D-aspartate receptor antibodies 
from 11, voltage-gate potassium channel antibodies from 
six, antiglutamate receptor antibodies from three, and 
contactin-associated protein 2 antibodies from two children. 
Autoantibodies were studied if AIE was suspected by typical 
clinical features and/or intrathecal immune reaction, and/or 
the microbial aetiology of encephalitis was unclear.

MRI was performed on 88 children during the acute phase 
(<2 months of symptoms onset) of encephalitis. MRI was 
considered normal in 39 (44%) children. Meningeal or cra-
nial nerve enhancement and/or focal T2-hyperintense lesion 
was documented in 14 (26%), multifocal T2-hyperintense le-
sions in 18 (20%), confluent T2-hyperintense lesions in four 
(5%), and T2-hyperintense lesions plus diffusion restriction, 

haemorrhage, or hydrocephalus in 13 (15%) children. In five 
patients with normal MRI, neuroimaging was performed 
during the first 2 days after the onset of symptoms without 
re-imaging later.

GOS based on clinical follow-up was defined for all the 98 
patients at discharge, for 91 patients at short-term follow-up, 
and for 82 patients at long-term follow-up. MRI was avail-
able from 75 of these 82 children. The median long-term fol-
low-up time was 6 years (Q1 2 years 8 months, Q3 11 years 6 
months, mean 7 years 6 months, range 1–23 years). The re-
covery was poor (GOS 2–5) at short-term follow-up in 29 of 
91 (32%) children (GOS median 2, Q1 1, Q3 2); and at long-
term follow-up in 24 of 82 (29%) children (GOS median 2, 
Q1 1, Q3 2). Nine patients with good recovery at discharge 
had moderate disability at short-term follow-up. Seven of 15 
children (47%) with severe disability at discharge had good 

T A B L E  1   Demographic data of children with encephalitis (n = 98)

Data n (%)

Age, years:months, median (Q1, Q3) 6:10 (3:0, 11:6)

Sex, male 59 (60)

Evident developmental delay 9 (9)

Born preterm 8 (8)

Need for ICU 55 (56)

Need for antiseizure medication 30 (31)

Need for ventilator therapy 14 (14)

Length of hospitalization, days, median (Q1, Q3) 8 (6.0, 12.0)

Probable or confirmed microbial aetiology 38 (39)

CSF pleocytosis 65 (66)

Abnormal EEG 71/88 (81)

Treatment

Doxycycline 90 (92)

Ceftriaxone 25 (25)

Acyclovir 83 (85)

High-dose steroid 25 (26)

Intravenous immunoglobulin 20 (20)

Symptoms

Abnormal consciousness or alertness 75 (75)

Fever 58 (59)

Gastrointestinal 56 (57)

Headache 44 (46)

Seizures 37 (38)

Difficulties in balance 31 (32)

Respiratory symptoms 30 (31)

Motor paresis 23 (24)

Difficulties in speech 22 (23)

Psychiatric symptoms 12 (12)

Movement disorder 8 (8)

Neck stiffness 8 (8)

Abbreviations: ICU, intensive care unit; CSF, cerebrospinal f luid; EEG, 
electroencephalogram.
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recovery at long-term follow-up. The recovery status of pa-
tients is shown in Figure S1.

Poor long-term recovery was associated with increasing 
neuroimaging severity category (p = 0.04) (Table 2), need 
for antiseizure medication (p < 0.001), and need for ventila-
tor therapy (p < 0.001). Degree of disability was associated 
with increasing neuroimaging severity category (p = 0.01) 
and need for ICU (p = 0.006). The severity of MRI findings 
was higher in males, in children with ICU admission, and 
in children with ventilator therapy (Table  2). Ventilator 
therapy had the strongest association with the degree of 
disability (OR 7.75; 95% CI 1.59–37.9; p  =  0.01) over the 
neuroimaging severity category (p  =  0.2) in multivariate 
analysis. Sex, preterm birth, developmental delay before 
encephalitis, age at encephalitis, length of hospitalization, 
or microbial aetiology were not related to poor long-term 
recovery or degree of disability in univariate analyses. The 
recovery of children in different encephalitis subtypes is 
shown in Table 3.

Of 10 children with the most severe sequelae (severe 
disability or death), the microbial aetiology of encepha-
litis was confirmed in three: herpes simplex virus in two 
and Mycoplasma pneumoniae in one. Three patients’ 
acute illness was later diagnosed as FIRES and one had 
suspected AIE with no confirmed autoantibodies. Two 
cases were diagnosed as encephalitis without confirmed 
microbial aetiology. Long-term sequelae of eight patients 
with severe disability included epilepsy in seven, learning 
disability in five, neuropsychiatric disorders or personal-
ity change in six, and motor disability in one patient. In 
all cases, these residual symptoms occurred together with 
each other.

DISCUSSION

Nearly a third of the children had poor short- and long-term 
recovery after having encephalitis. The mortality rate was 
2%. Severe disability causing dependence on others was 
found in 8%, which is in line with previous studies evalu-
ating the outcome after paediatric encephalitis with stand-
ardized methods.9–12 The rate of vegetative state in previous 
studies has been 1% to 5%,9,12 but in our patients there was 
none.

Neurological symptoms and signs causing remarkable 
disability may remain undetectable at discharge. These 
symptoms do not necessarily affect the patient’s function 
until the child returns home, to school, and to hobbies. In 
our series, over one-sixth of patients with good recovery at 
discharge were later found to be disabled, but almost half 
of the children with severe disability at discharge had good 
recovery at long-term follow-up.

Increasing severity of MRI findings was a risk factor 
for poor outcome. The most severe MRI findings were as-
sociated with the need for ICU and ventilator therapy. The 
patients with most severe MRI findings were thus prone to 
severe clinical acute illness and later poor long-term neuro-
logical outcome. The association between the most severe 
neuroimaging findings and disease severity was also found 
in previous studies.11,17 However, one-fifth of our patients 
with normal acute phase MRI had poor outcome at long-
term follow-up.

Later re-imaging might have revealed encephalitis-related 
abnormalities in patients with normal MRI performed early 
after symptom onset. In practice, follow-up MRI is not per-
formed routinely if a child has good clinical recovery. All 

T A B L E  2   Patients details according to the severity of MRI findings score

MRI findings score p

1, n = 39 2, n = 14 3, n = 18 4, n = 4 5, n = 13

Poor recovery at 
discharge

14 (36) 9 (64) 8 (44) 4 (100) 10 (77) 0.02

Poor recovery at <3 
months follow-up

8/37 (22) 5 (36) 4/14 (29) 1 (25) 9 (69) 0.04

Poor recovery at >1 year 
follow-up

7/30 (23) 3/13 (23) 4/16 (25) 3 (75) 7/11 (64) 0.04

Age, years:months, 
median, (Q1, Q3)

7:6 (2:7, 13:1) 8:10 (6:0, 13:11) 6:0 (3:5, 10:1) 2:4 (0:6, 5:11) 5:4 (1:2, 11:1) 0.1

Sex

Male 19/53 (36) 8/53 (15) 17/53 (32) 3/53 (6) 6/53 (11) 0.01

Female 20/35 (57) 6/35 (17) 1/35 (3) 1/35 (3) 7/35 (20)

ICU admission 19 (49) 7 (50) 12 (67) 3 (75) 12 (93) 0.03

Antiseizure medication 
usage

12 (31) 3 (21) 4 (22) 3 (75) 7 (54) 0.1

Ventilator therapy 3 (8) 2 (14) 1 (6) 2 (50) 6 (46) 0.004

Data are n (%) unless otherwise stated. Magnetic resonance imaging (MRI) findings score (1) normal MRI, (2) meningeal enhancement and/or focal non-enhancing lesion, 
(3) multifocal lesions, (4) confluent lesions, and (5) lesions plus diffusion restriction, haemorrhage, or hydrocephalus. Associations were tested with Fisher’s exact test. 
Abbreviations: ICU, intensive care unit.
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five patients with normal early MRI and no follow-up imag-
ing had good short- and long-term recovery.

Contrast enhancer was not used in four MRIs; two of 
them were categorized as normal, one was classified in cat-
egory 2, and one in category 3. The possibility of a major 
grading shift based on enhancement was considered low, 
and these four cases were included in the study.

The neuroimaging severity scoring has several limita-
tions. White matter lesion volume was not quantified, which 
makes the scoring subjective, but makes it easier to use in 
clinical work. Lesion severity may not always correlate with 
this classification; sometimes patchy lesions may be more 
severe than confluent ones, and diffusion-weighted imag-
ing lesions may not be a sign of severe disease. Our results 
still support the general severity pattern of the MRI findings 
based on the Bykowski classification.17 Broader lesions are 
generally more severe than smaller ones. Diffusion-weighted 
imaging restriction, haemorrhage, and parenchymal en-
hancement are generally associated with more severe dis-
ease. Minimum MRI protocol to perform this classification 
is T2-weighted imaging, diffusion-weighted imaging, hemo/
susceptibility-weighted imaging, T1-weighted imaging, and 
T1+C-weighted imaging. Including flair images would also 
be beneficial.

The rates of poor outcome after acute demyelinating en-
cephalomyelitis (33%) and AIE (47%) were congruent with 
Pillai et al.’s results.11 Encephalitis without confirmed mi-
crobial aetiology had the most favourable long-term out-
come in our study, but the most unfavourable outcome in 
the other study.11 This group’s heterogeneity in our study 
was wide, including a variety of cases who did not meet the 
criteria of other subtypes and probably both infective and 
immunologic aetiologies.

All patients with cerebellitis had poor recovery at dis-
charge, but over half recovered well later, which is in line with 
previous studies.27,28 Even the patients with poor outcome 
had only moderate disability. This may reflect that cerebelli-
tis mainly causes motor and coordination problems27,28 that 
are already easily recognizable in a hospital environment.

The categorization of encephalitis subtypes differs be-
tween studies. FIRES, which had the worst outcome in our 
study, was not defined as a separate category in Pillai et al.’s 
study. Herpes simplex virus aetiology, which had the most 
unfavourable outcome in Pillai et al.’s study, was included in 
the category of confirmed microbial aetiology in our study.11 
This makes comparison between different studies difficult.

Our criteria for different encephalitis subtypes were 
based on clinical symptoms and certain neuroimaging or 
CSF findings at the acute phase. The diagnostic methods of 
AIE varied between individual patients because of the wide 
timespan of our data. The autoantibodies were only exam-
ined in 12 children. It is thus possible that we missed some 
AIE cases from our data.

FIRES was related to the poorest long-term outcome, with 
severe disability in all three patients, which is in line with 
previous studies.25,26 The diagnosis of FIRES-like autoim-
mune epilepsy is usually stated later in the clinical follow-up. 
One child with FIRES had pleocytosis, and two children had 
encephalitis-related MRI abnormalities classified in neuro-
imaging severity category 2, thus meeting the inclusion cri-
teria of our encephalitis study. In addition, one patient had 
confirmed microbial aetiology (positive Mycoplasma pneu-
moniae IgM antibodies in serum sample) during the acute 
phase of illness. As the aetiology of FIRES is not yet fully 
understood, we included these patients in the study. With 
exclusion of these three patients, the rate of severe disability 
would be only slightly lower (6% vs 8%), and the overall rate 
of good recovery would not be remarkably higher (72% vs 
71%).

The microbial aetiology was not associated with neuro-
logical outcome, which may reflect the diverse aetiology and 
the small sample size; only 38 of our patients with encepha-
litis had confirmed microbial aetiology. Also, the microbial 
aetiology was not related to severity of neuroimaging find-
ings, which is consistent with a previous study.17

Our inclusion criteria demanded encephalopathy lasting 
more than 24 hours, with CSF, MRI, or EEG abnormality re-
lated to encephalitis. The proportion of MRI abnormalities 

T A B L E  3   Neurological outcome at discharge and at short- and long-term follow-up according to the diagnosis of encephalitis subtype

Poor recovery 
at discharge

Poor recovery at <3 
months follow-up

Poor recovery at >1 
year follow-up

Severe disability or death in 
long-term follow-up

AIE 4/7 (47) 3/7 (43) 4/7 (47) 1/7 (14)

ADEM 8/10 (80) 5/9 (56) 3/9 (33) 0/9 (0)

ANE 1/3 (33) 1/3 (33) 2/3 (67) 0/3 (0)

Cerebellitis 8/8 (100) 4/8 (50) 3/7 (43) 0/7 (0)

Encephalitis with confirmed microbial 
causative agent

9/25 (36) 6/24 (25) 4/22 (18) 2/22 (9)

Encephalitis without confirmed microbial 
causative agent

14/42 (33) 7/37 (19) 5/31 (16) 4/31(13)

FIRES 2/3 (67) 3/3 (100) 3/3 (100) 3/3 (100)

p 0.001 0.02 0.008 <0.001

Data are n (%) unless otherwise stated. Associations were tested with Fisher’s exact test. Abbreviations: AIE, autoimmune encephalitis; ADEM, acute disseminated 
encephalomyelitis; ANE, acute necrotizing encephalopathy; FIRES, febrile infection-related epilepsy syndrome.
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was high, reflecting a true brain disorder. Our criteria ex-
cluded transient encephalopathies during febrile illness 
caused by, for example, hypoglycaemia, dehydration, and 
febrile seizures. Our inclusion criteria may have worsened 
the overall outcome of the study by exclusion of some milder 
cases.

The main strength of our study was the use of the stan-
dardized outcome score to assess neurological disability. It 
enabled us to compare the variable symptoms reported by 
separate patients and studies, and define the functional im-
pairment of these symptoms in everyday life. Because this 
method considers a child’s premorbid level of function, it 
can also be used on patients with premorbid disability, with-
out an obligation to exclude these patients from the study.

Only a few previous studies report long-term outcome 
evaluated with standardized methods.9–12 We focused on 
the functional long-term neurological outcome, instead of 
the sequelae at discharge or short-term clinical follow-up. 
We used the original GOS, instead of its revision, GOS 
Extended,29 for outcome measures. We wanted to identify 
children with most severe disabilities, not to divide the mild-
est symptoms into separate categories of upper and lower 
good recovery. Thus, we found the original GOS sufficient 
for our purposes. Because the original GOS only measures 
functional outcome, it may not recognize some postenceph-
alitic cognitive problems.30,31 More definite neuropsycho-
logical examinations are needed to find specific problems 
(e.g. difficulties in executive function and memory).

Our study has some limitations. The data were collected 
retrospectively from the medical record system, which, al-
though used consistently in our hospital, is prone to human 
errors when recording a diagnosis. The timing of the long-
term follow-up varied from 1 to 23 years, making it difficult 
to differentiate all environmental factors affecting patients’ 
neurological outcome from the effects of encephalitis. In 
young children, the differentiation of developmental disor-
ders and encephalitis-related symptoms can be challenging, 
even though the development was normal before the acute 
illness. In our study, two children with severe disability and 
seven children with poor outcome were under 2 years of age 
when they had acute encephalitis. However, the use of stan-
dardized outcome measures also increased the reliability of 
evaluation in these patients.

CONCLUSIONS

The risk for poor outcome, disability, or death was high after 
paediatric encephalitis. The severity of neuroimaging findings 
was associated with severe illness and poor long-term out-
come. However, a normal MRI during the acute phase does not 
exclude poor long-term outcome. Clinical follow-up should, 
therefore, be offered to all children after having encephalitis.
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