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ABSTRACT
Objective To investigate whether intravenous 
immunoglobulin (IVIG) improves neurological outcomes in 
children with encephalitis when administered early in the 
illness.
Design Phase 3b multicentre, double- blind, randomised 
placebo- controlled trial.
Setting Twenty- one hospitals in the UK.
Participants Children aged 6 months to 16 years with 
a diagnosis of acute or subacute encephalitis, with a 
planned sample size of 308.
Intervention Two doses (1 g/kg/dose) of either IVIG or 
matching placebo given 24–36 hours apart, in addition to 
standard treatment.
Main outcome measure The primary outcome was a 
‘good recovery’ at 12 months after randomisation, defined 
as a score of≤2 on the Paediatric Glasgow Outcome Score 
Extended.
Secondary outcome measures The secondary 
outcomes were clinical, neurological, neuroimaging and 
neuropsychological results, identification of the proportion 
of children with immune- mediated encephalitis, and IVIG 
safety data.
Results 18 participants were recruited from 12 hospitals 
and randomised to receive either IVIG (n=10) or placebo 
(n=8) between 23 December 2015 and 26 September 
2017. The study was terminated early following withdrawal 
of funding due to slower than anticipated recruitment, and 
therefore did not reach the predetermined sample size 
required to achieve the primary study objective; thus, the 
results are descriptive. At 12 months after randomisation, 
9 of the 18 participants (IVIG n=5/10 (50%), placebo 
n=4/8 (50%)) made a good recovery and 5 participants 
(IVIG n=3/10 (30%), placebo n=2/8 (25%)) made a poor 
recovery. Three participants (IVIG n=1/10 (10%), placebo 
n=2/8 (25%)) had a new diagnosis of epilepsy during the 
study period. Two participants were found to have specific 
autoantibodies associated with autoimmune encephalitis. 
No serious adverse events were reported in participants 
receiving IVIG.
Conclusions The IgNiTE (ImmunoglobuliN in the 
Treatment of Encephalitis) study findings support existing 
evidence of poor neurological outcomes in children with 
encephalitis. However, the study was halted prematurely 
and was therefore underpowered to evaluate the effect of 

early IVIG treatment compared with placebo in childhood 
encephalitis.
Trial registration number Clinical  Trials. gov 
NCT02308982; ICRCTN registry ISRCTN15791925.

INTRODUCTION
Encephalitis is a major cause of illness and 
death globally.1–3 It is characterised by inflam-
mation of the brain parenchyma causing 
neurological dysfunction which manifests 
acutely as altered mental state and can have 
long- term sequalae including neurological 
disability and seizures. In children, the most 
common causes of encephalitis are autoim-
mune disorders and infections, with viral 
encephalitis being the most frequently identi-
fied aetiology.4–10 It often takes time to reach 
a definitive diagnosis, and a cause may not 
be found despite extensive investigation in at 
least one- fifth of children.4 6 7 10

Encephalitis is more prevalent among chil-
dren than adults, with an estimated incidence 
of 4.0–12.6 per 100 000 person years for chil-
dren in high- income countries.7 10–14 There is 
a substantially higher burden of childhood 
encephalitis in regions such as southeast 
Asia where the Japanese encephalitis virus is 
endemic.2 8 Childhood encephalitis carries 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This was the first ever multicentre, randomised con-
trolled trial evaluating intravenous immunoglobulin 
treatment for all- cause encephalitis in children.

 ⇒ The study had clinically meaningful endpoints and 
was run to a very high standard, with rigorous 
blinding procedures throughout.

 ⇒ Recruitment to the study was limited by the strict 
inclusion and exclusion criteria, the limited time 
window for enrolment and lack of equipoise among 
clinicians. copyright.
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a significant mortality rate; this ranges from 5% to 13%, 
dependent on setting and aetiology.4 8 10 15 16 Approxi-
mately half of children who survive an episode of enceph-
alitis will have long- term sequalae which may include 
neurological deficits, physical disability, cognitive impair-
ment, neuropsychiatric disorders and epilepsy.4 8 10 15 17–19 
Childhood encephalitis is therefore associated with a high 
global economic, healthcare and social burden.1 3 8 15 20

While there is good evidence for the efficacy of aciclovir 
in the management of encephalitis caused by herpes 
simplex virus and varicella zoster virus,21 22 there are 
limited therapeutic options for other types of childhood 
encephalitis and the mainstay of treatment is supportive 
care. Treatment strategies for autoimmune encepha-
litis include methylprednisolone, plasma exchange and 
intravenous immunoglobulin (IVIG), but the recom-
mendations for their use are based largely on studies in 
individuals with specific types of autoimmune encepha-
litis, retrospective cohort studies and expert opinion.23–26 
Furthermore, these therapies are often only implemented 
after a definitive autoimmune cause for encephalitis has 
been identified or all alternative diagnoses, including 
infectious, have been ruled out.

IVIG is used successfully in other inflammatory and 
neurological conditions in children27 28; however, there 
have been no high- quality studies to support or refute its 
use in children with all types of encephalitis.29 30 Inflam-
mation of the brain parenchyma is the common cause of 
altered neurological function in encephalitis, regardless 
of the aetiology, and it may therefore be postulated that 
interventions which attenuate the inflammation early 
in the illness are likely to have the greatest efficacy in 
reducing the severity of the acute illness, mortality and 
neurological sequalae of childhood encephalitis.

In this study, we set out to establish if early IVIG treat-
ment, in addition to standard care, improves outcomes 
for children with encephalitis of all aetiologies.

METHODS
Study design
IgNiTE was a randomised, double blinded, parallel arm, 
placebo- controlled study to compare early IVIG treatment 
with placebo in the treatment of childhood encephalitis 
in individuals aged 6 months to 16 years. It was conducted 
across 21 National Health Service (NHS) hospitals in the 
UK. Participants were followed up for 12 months after 
randomisation, with outcomes assessed during the acute 
admission, at 4–8 weeks after discharge from acute care, 
at 6 months after randomisation, and 12 months after 
randomisation.

The trial was prospectively registered with  Clinical-
Trials. gov (identifier NCT 02308982) on 5 December 
2014. The trial was assigned an International Standard 
Randomised Controlled Trial Number on 24 June 2015 
(ISRCTN 15791925), and a European Clinical Trials 
Database number (2014- 002997- 35). A Trial Steering 
Committee (TSC) was established to oversee the trial, and 

an independent Data Monitoring and Ethics Committee 
was set up to monitor the safety, efficacy and overall 
conduct of the study.

The original trial protocol was published on 3 November 
2016.31 The protocol was amended after the early termi-
nation of the trial to remove endpoints which could not 
be derived from the data collected and to update the 
statistical analysis section; the amended protocol is avail-
able in the online supplemental material.

Participants
Eligible participants were hospitalised children aged 
between 6 weeks and 16 years who met the case definition 
for encephalitis based on the consensus definition by the 
International Encephalitis Consortium,32 where written 
informed consent was obtained from parents or guard-
ians, and assent was given if appropriate.

Exclusion criteria were a high clinical suspicion of 
bacterial meningitis; prior receipt of IVIG during the 
admission or known contraindication to IVIG; traumatic 
brain injury; history of metabolic encephalopathy; stroke, 
toxic or hypertensive encephalopathy; pre- existing demy-
elinating disorder; significant renal impairment; hyper-
coagulable state; hyperprolinaemia; participation in 
another research trial involving an immunomodulatory 
treatment; pregnancy; any significant disease or disorder 
which may put the participants at risk because of partici-
pation in the trial, influence the result of the trial, or the 
participant’s ability to participate in the trial; involvement 
in another research trial involving an investigational 
medicinal product (IMP) which has potential immuno-
modulatory or neuroprotective effects.

Intervention
Two doses of 1 g/kg/dose of either IVIG or a matching 
volume of placebo were given 24–36 hours apart, with the 
first dose administered as soon as possible after enrol-
ment and within five working days from the suspicion of 
an encephalitis diagnosis.

The active treatment (IVIG) used in the study was priv-
igen (100 mg/mL solution), manufactured and provided 
by CSL Behring. The placebo was a mixture of 0.9% 
saline and 0.1% human albumin solution, manufactured 
at the Royal Broadgreen and Liverpool Aseptic Produc-
tion Unit, Liverpool, UK under cGMP conditions and its 
Manufacturer’s Importer’s Authorisation (IMP) licence.

Randomisation and blinding
Participants were randomised 1:1 to IVIG or placebo 
treatment after consent was obtained. Randomisation 
was stratified by age group (< 1 year, 1–4 years, 5–9 years, 
10–14 years and ≥15 years) and steroid treatment at the 
time of randomisation, using stratified block randomis-
ation with randomly varying block sizes. Randomisation 
was performed using a secure web- based randomisation 
system (Sortition) which was developed by the Clinical 
Trials Unit in the Nuffield Department of Primary Care 
Health Sciences, University of Oxford.

copyright.
 on D

ecem
ber 5, 2023 at U

C
L Library S

ervices. P
rotected by

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-072134 on 9 N
ovem

ber 2023. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2023-072134
http://bmjopen.bmj.com/


3Hill M, et al. BMJ Open 2023;13:e072134. doi:10.1136/bmjopen-2023-072134

Open access

Participants, their parents or guardians, clinical staff 
and all study staff (including staff involved in recruitment, 
administration of study treatment, data collection and 
entry, and laboratory analyses) were blind to the treat-
ment allocation through the entire study period. Study 
monitors who were independent of the study and all site 
pharmacists were unblinded to ensure dispensing of the 
correct allocation and robust IMP management at each 
study site. The placebo and IVIG were visually identical, 
due to the additional of 0.1% human albumin solution to 
0.9% in the placebo.

Primary outcome
The primary outcome was good recovery, which was 
defined as a score of 2 or less on the paediatric version of 
the Glasgow Outcome Score Extended (GOS- E Peds) at 
12 months after randomisation.

The GOS- E Peds is based on the GOS- E, a gold stan-
dard for measuring outcomes in adults with traumatic 
brain injury. It is a validated tool for use in children, and 
provides a developmentally appropriate structured inter-
view necessary to evaluate children across different age 
groups.33 Participants were assigned a GOS- E Peds score: 
1—Upper Good Recovery, 2—Lower Good Recovery, 3—
Upper Moderate Disability, 4—Lower Moderate Disability, 
5—Upper Severe Disability, 6—Lower Severe Disability, 
7—Vegetative State, and 8—Death. ‘Good recovery’ was 
defined as a GOS- E Peds score of ≤2, and a score of >2 
indicated ‘poor recovery’.

Secondary outcomes
Secondary clinical outcomes included admission to 
intensive care unit, requirement for invasive ventilation, 
length of acute hospital stay, new diagnoses of epilepsy 
and need for antiepileptic treatment in the 12 months 
after randomisation.

Secondary neurological and functional outcomes 
comprised GOS- E Peds assessment at 6 months after 
randomisation, and Liverpool Outcome Score (LOS) 
assessment, Pediatric Quality of Life Score (PedsQL) 
assessment, Gross Motor Function and Classification 
System (GMFCS) assessment, Strengths and Difficulty 
Questionnaire (SDQ) assessment and Adaptive Behavior 
Assessment System—second edition (ABAS- II) assess-
ment at 4–8 weeks after discharge from acute care and at 
12 months after randomisation.

Secondary neuropsychological outcomes were cogni-
tive assessment at 12 months after randomisation using 
the age- appropriate scales: (1) Bayley Scales of Infant 
and Toddler Development, third edition (1 to 2 years 5 
months); (2) Wechsler Preschool Primary Scale of Intel-
ligence IV (2 years 6 months to 5 years 11 months), and 
(3) Wechsler Intelligence Scale for Children V (6 years to 
16 years 11 months).

The secondary neuroimmunology outcome was iden-
tification of autoantibodies. The antibodies tested for 
were for antibodies against live neurons, aquaporin 4, 
N- methyl- D- aspartate receptor, myelin oligodendrocyte 

glycoprotein (MOG), leucine- rich, glioma inactivated 1 
(LGI1), and contactin- associated protein- like 2.

Secondary neuroimaging outcomes comprised assess-
ment of CT or MRI brain scans performed as part of 
routine care during the acute illness, and follow- up scans 
performed at 6 months after randomisation in a subset of 
participants, where consent was provided.

Secondary safety outcomes included safety data obtained 
throughout the study, and a full blood count performed 
for all participants 24–48 hours following the second dose 
of the study treatment to monitor for haemolysis which 
has previously been described with high concentrations 
of IVIG treatment.34 Safety data comprised adverse events 
(AEs) and adverse events of special interest occurring 
in the first 5 days following receipt of each dose of the 
study drug, serious adverse events (SAEs) occurring up 
until 6 months after randomisation and serious adverse 
reactions occurring throughout the study period. Infor-
mation on any deaths occurring up to 12 months after 
randomisation was also collected.

Further information regarding to the secondary 
outcomes is provided in the online supplemental material.

Protocol amendments
The IgNiTE study was halted in October 2017 after the 
withdrawal of funding due to slower than anticipated 
recruitment. This was despite the proposal of alternative 
strategies to deliver on the study objectives, including 
revision of the recruitment timeline to ensure that the 
objectives of this important clinical study could be met. 
Where possible, follow- up activities were completed for 
all participants who were already enrolled into the trial, 
as per the protocol. The protocol was amended to remove 
endpoints which could not be derived from the data 
collected and to update the statistical analysis section.

Statistical analysis
A sample size of 308 participants recruited over a 24- month 
period (154 per group, with approximate 10% attrition 
rate) was planned to achieve 90% power (at 5% level of 
significance) to detect at least a 20% clinically significant 
treatment difference from 43% in the ‘good recovery’ 
rate (defined as a GOS- E Peds score of ≤2) by 12 months 
after randomisation. This was based on the results of a 
large observational study on autoimmune encephalitis.26

At the time the trial was halted, only 18 participants had 
been recruited. The trial was therefore underpowered 
to perform hypothesis testing of outcomes, subgroup 
comparisons or sensitivity analyses. Therefore, all anal-
yses performed were descriptive. The analyses were 
performed on the intention- to- treat population; this 
included all 18 participants who were randomised. In the 
analysis of the AEs, the population analysed were the 16 
participants who received study treatment.

Patient and public involvement (PPI)
The Encephalitis Society was involved in the planning of 
this study, and the training of research nurses and study 
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recruiters. A representative of The Encephalitis Society 
was on the Trial Management Group and provided a 
patient- centred research perspective to the study design 
and conduct. PPI groups were consulted in the develop-
ment of the essential documents for the study including 
the participant information sheet and consent forms. 
Three PPI representatives with previous personal expe-
riences of encephalitis sat on the TSC and contributed 
to providing overall oversight of the study. Study update 
meetings were held to which patients previously affected 

by encephalitis were invited to share their experiences 
with the study team.

RESULTS
Participants
A total of 884 patients were screened for eligibility between 
23 December 2015 and 26 September 2017 across 21 
NHS hospitals, of whom 18 participants were enrolled 
and randomised across 12 hospital. 10 participants were 

Figure 1 Study flow diagram. IVIG, intravenous immunoglobulin.
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assigned to IVIG treatment, and 8 patients were assigned 
to placebo. The study flow diagram is shown in figure 1.

Table 1 summarises the baseline characteristics of 
participants by treatment arm. The mean age of the 
participants was 4.09 years (IQR 2.0–11.8), 44% were 
male, and 89% were of white ethnicity.

Primary outcome
At 12 months after randomisation, nine participants 
(50%; IVIG n=5/10 (50%); placebo n=4/8 (50%)) made 
a good recovery, defined as a GOS- E Peds score of ≤2. Five 
participants (28%; IVIG n=3/10 (30%), placebo n=2/8 
(25%)) made a poor recovery, defined as a GOS- E Peds 
score of >2. Four participants (22%; IVIG n=2/10 (20%), 
placebo n=2/8 (25%)) did not undergo a GOS- E Peds 
assessment at this timepoint. Table 2 displays these results.

Secondary outcomes

Clinical outcomes
Ten participants (56%; IVIG n=5/10 (50%), placebo=5/8 
(63%)) were admitted to intensive care during their 
acute admission with encephalitis, as shown in table 3. 
Nine of these participants (90%; IVIG n=4/5 (80%), 

placebo n=5/5 (100%)) required invasive ventilation, for 
a median duration of 2 days (IQR 2.0–3.0). The median 
length of stay on intensive care was 4.5 days (IQR 3.0–6.8) 
and the overall median length of hospitalisation for acute 
care was 11 days (IQR 7.8–19.5).

Three participants (17%; IVIG n=1/10 (10%), placebo 
n=2/8 (25%)) had a new diagnosis of epilepsy during 
the study period. Five participants (28%; IVIG n=2/10 
(20%), placebo n=3/8 (38%)) had incomplete data for 
this outcome.

GOS-E Peds assessment at 6 months
Fifteen participants underwent GOS- E Peds assessment at 
6 months after randomisation. Eight participants (44%; 
IVIG n=4/10 (40%), placebo n=4/8 (50%)) made a 
good recovery and seven participants (39%; IVIG n=4/10 
(50%), placebo n=3/8 (38%)) made a poor recovery at 
this timepoint, as shown in table 4.

Liverpool Outcome Score
Fifteen participants had an LOS assessment at 4–8 weeks 
after discharge from acute care. Five participants (28%; 
IVIG n=3/10 (30%), placebo n=2/8 (25%)) made a full 

Table 1 Baseline characteristics of enrolled participants

Baseline characteristic IVIG (n=10) Placebo (n=8) All (n=18)

Age at randomisation (years) Median (IQR) 5.55 (1.52–11.8) 4.09 (2.71–9.64) 4.09 (2.0–11.8)

Sex Male 4 (40%) 4 (50%) 8 (44.4%)

Female 6 (60%) 4 (50%) 10 (55.6%)

Ethnicity White 8 (80%) 8 (100%) 16 (88.9%)

Asian 1 (10%) 0 (0%) 1 (5.6%)

Missing 1 (10%) 0 (0%) 1 (5.6%)

History of immunocompromise No 9 (90%) 7 (87.5%) 16 (88.9%)

Missing 1 (10%) 1 (12.5%) 2 (11.1%)

Previous diagnosis of encephalitis No 9 (90%) 7 (87.5%) 16 (88.9%)

Missing 1 (10%) 1 (12.5%) 2 (11.1%)

History of encephalopathic illness No 9 (90%) 7 (87.5%) 16 (88.9%)

Missing 1 (10%) 1 (12.5%) 2 (11.1%)

Pre- existing diagnosis of epilepsy No 9 (90%) 7 (87.5%) 16 (88.9%)

Missing 1 (10%) 1 (12.5%) 2 (11.1%)

Table 2 GOS- E Peds scores at 12 months after randomisation

IVIG (n=10) Placebo (n=8) Overall (n=18)

GOSE- Peds Score

  Upper good recovery 4 (40%) 4 (50%) 8 (44%)

  Lower good recovery 1 (10%) 0 (0%) 1 (6%)

  Upper severe disability 1 (10%) 1 (13%) 2 (11)

  Lower severe disability 2 (20%) 1 (13%) 3 (17%)

Participants with missing data due to being withdrawn or lost to follow- up 2 (20%) 2 (25%) 4 (22%)

GOSE- Peds, Paediatric Glasgow Outcome Score Extended; IVIG, intravenous immunoglobulin.
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recovery, defined as a LOS of >4. Ten participants (56%; 
IVIG n=5/10 (50%), placebo n=5/8 (63%)) had minor to 
severe sequelae. Table 4 displays the breakdown of these 
results.

Fourteen participants had a LOS assessment at 12 
months after randomisation. Six participants (33%; IVIG 
n=4/10 (40%), placebo n=2/8 (25%)) had made full 
recovery at this timepoint, and eight participants (44%; 
IVIG n=4/10 (40%), placebo n=4/8 (50%)) had minor 
to severe sequelae.

Paediatric Quality of Life Assessment
Seven participants (39%; IVIG n=5/10 (50%), placebo 
n=2/8 (25%)) had a PedsQL assessment at 4–8 weeks 
after discharge from acute care, and eight participants 
(44%; IVIG n=6/10 (60%), placebo n=2/8 (25%)) had 
a PedsQL assessment at 12 months after randomisation. 
At 4–8 weeks after discharge from acute care, the mean 
PedsQL score was 77.9 (SD 11.10) and 56.5 (SD 7.8) for 
the IVIG and placebo group, respectively. At 12 months, 
mean PedsQL scores were 79.9 (SD 21.6) and 63.7 (SD 
30.1) for the IVIG and placebo groups, respectively. This 
data are displayed in table 4.

Gross Motor and Function Classification System
Seven participants underwent a GMFCS assessment at 4–8 
weeks after discharge from acute care, and eight partici-
pants underwent assessment at 12 months after randomi-
sation. At 4–8 weeks after discharge, all seven participants 
assessed (39%; IVIG n=5/10 (50%); placebo n=2/8 
(25%)) had mild impairment of gross motor functioning. 
At 12 months after randomisation, all eight participants 
(44%; IVIG n=6/10 (60%); placebo n=2/8 (25%)) expe-
rienced mild or severe impairment of gross motor func-
tion, as demonstrated by table 4.

Strengths and difficulties assessment (SDQ)
SDQ results were available for seven participants (39%; 
IVIG n=5/10 (50%), placebo n=2/8 (25%)) at 4–8 weeks 

after discharge from acute care and eight participants 
(44%; IVIG n=6/10 (60%), placebo n=2/8 (25%)) at 12 
months after randomisation.

At 4–8 week after discharge from acute care, five partic-
ipants (28%; IVIG n=4 (40%); placebo n=1 (13%)) had 
a close to average SDQ score, one participant (6%; IVIG 
n=1/10 (10%)) had a slightly raised SDQ score and one 
participant (6%; placebo n=1/8 (13%)) had a very high 
SDQ score. At 12 months after randomisation, the same 
number of participants had a close to average score and 
slightly raised score, but two participants (11%; IVIG 
n=1/10 (10%), placebo n=1/8 (13%)) had a very high 
SDQ score.

Adaptive Behaviour Assessment System—Second Edition 
(ABAS-II)
Eight participants had an ABAS- II assessment at 4–8 weeks 
after discharge from acute care, and seven participants 
had an ABAS- II assessment at 12 months after randomi-
sation (see table 4). At 4–8 weeks after discharge, five 
participants (28%; IVIG n=4/10 (40%), placebo n=1/8 
(13%)) had an ABAS- II score that was either similar or 
higher than the average score of the normative popula-
tion, and three participants (17%; IVIG n=2/10 (20%), 
placebo n=1/8 (13%)) had a score that was lower than 
the average score. At 12 months after randomisation, the 
same number of participants had a score that was below 
the average at 12 months after randomisation, but four 
participants (22%; IVIG n=3/10 (30%), placebo n=1/8 
(13%)) had a score that was either similar or higher than 
the average score at this timepoint.

Neuropsychology outcomes
Thirteen participants (72%; IVIG n=8/10 (80%); placebo 
n=5/8 (63%)) had a neuropsychology assessment at 12 
months after randomisation by a blided assessor. Four 
of these participants (30%; IVIG n=2/8 (25%), placebo 

Table 3 Secondary clinical outcomes

Outcome IVIG (n=10) Placebo (n=8) Overall (n=18)

  During hospital stay

  Duration of ventilation Median (IQR) 2.5 (2.0–3.5) (n=4) 2.0 (2.0–3.0) (n=5) 2.0 (2.0–3.0) (n=9)

  Length of ICU stay Median (IQR) 4.0 (3.0–6.0) (n=5) 5.0 (2.0–10.0) (n=5) 4.5 (3.0–6.8) (n=10)

  Length of hospitalisation for acute care Median (IQR) 12.0 (8.0–27.0) (n=9) 8.0 (6.5–14.0) (n=7) 11.0 (7.8–19.5) (n=16)

6 months post randomisation

  New diagnosis of epilepsy since 
discharge

n (%) 1 (10%) 1 (13%) 2 (11%)

  Anti- epileptic treatment since discharge n (%) 1 (10%) 1 (13%) 2 (11%)

12 months post randomisation

  New diagnosis of epilepsy since 
discharge

n (%) 0 (0%) 1 (13%) 1 (6%)

  Antiepileptic treatment since discharge n (%) 0 (0%) 0 (0%) 0 (0%)

ICU, intensive care unit.
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Table 4 Secondary neurological and functional outcomes

Outcome

4–8 weeks post discharge
12 months post 
randomisation

IVIG (n=10) Placebo (n=8) IVIG (n=10) Placebo (n=8)

LOS

  Severe sequelae 2 (20%) 2 (25%) 2 (20%) 2 (25%)

  Moderate sequelae 2 (20%) 3 (38%) 1 (10%) 1 (13%)

  Minor sequelae 1 (10%) 0 (0%) 1 (10%) 1 (3%)

  Full recovery 3 (30%) 2 (25%) 4 (40%) 2 (25%)

  Missing data due to withdrawal or loss to follow- up of participant 1 (10%) 1 (13%) 2 (20%) 2 (25%)

  Missing data—assessment not performed 1 (10%) 0 (0%) 0 (%) 0 (%)

PedsQL

  Mean (SD) 77.9 (11.1) 56.5 (7.8) 79.9 (21.6) 63.7 (30.1)

  Missing data due to withdrawal or loss to follow- up of participant 1 (10%) 1 (13%) 2 (20%) 2 (25%)

  Missing data—assessment not performed 4 (40%) 5 (63%) 2 (20%) 4 (50%)

SDQ

  Close to average 4 (40%) 1 (13%) 4 (40%) 1 (13%)

  Slightly raised 1 (10%) 0 (0%) 1 (10%) 0 (0%)

  Very high 0 (0%) 1 (13%) 1 (10%) 1 (13%)

  Missing data due to withdrawal or loss to follow- up of participant 1 (10%) 1 (13%) 2 (20%) 2 (25%)

  Missing data—assessment not performed 4 (40%) 5 (63%) 2 (20%) 4 (50%)

ABAS

  Very superior 0 (0%) 0 (0%) 1 (10%) 0 (0%)

  Superior 1 (10%) 0 (0%) 1 (10%) 0 (0%)

  Above average 1 (10%) 0 (0%) 1 (10%) 0 (0%)

  Average 2 (20%) 1 (13%) 0 (0%) 1 (13%)

  Below average 0 (0%) 1 (13%) 1 (10%) 0 (0%)

  Borderline 1 (10%) 0 (0%) 0 (0%) 0 (0%)

  Extremely low 1 (10%) 0 (0%) 1 (10%) 1 (13%)

  Missing data due to withdrawal or loss to follow- up of participant 1 (10%) 1 (13%) 2 (20%) 2 (25%)

  Missing data—assessment not performed 3 (30%) 5 (63%) 3 (30%) 4 (50%)

GMFCS*

  Mild 5 (50%) 2 (25%) 6 (60%) 1 (13%)

  Severe 0 (0%) 1 (13%)

  Missing data due to withdrawal or loss to follow- up of participant 1 (10%) 1 (13%) 2 (20%) 2 (25%)

  Missing data—assessment not performed 4 (40%) 5 (63%) 2 (20%) 4 (50%)

GOSE- Peds at 6 months post randomisation

IVIG (n=10) Placebo (n=8)

Upper good recovery 4 (40%) 4 (50%)

Upper moderate disability 1 (10%) 1 (13%)

Upper severe disability 0 (0%) 1 (13%)

Lower severe disability 3 (30%) 1 (13%)

Missing data due to withdrawal or loss to follow- up of participant 2 (20%) 1 (13%)

Missing data—assessment not performed 0 (0%) 0 (0%)

ABAS, Adaptive Behavior Assessment System; GMFCS, Gross Motor and Function Classification System; GOSE- Peds, 
Paediatric Glasgow Outcome Score Extended; LOS, Liverpool Outcome Score; SDQ, Strengths and Difficulty Questionnaire.
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n=2/5 (40%)) were unable to complete the full battery 
of assessments due to attentional or behavioural needs.

Five participants (28%; IVIG n=4/10 (40%), placebo 
n=1/8 (13%)) had a score of≥ 85 (indicating normal 
development) for full- scale IQ (FSIQ), six (33%; IVIG 
n=4/10 (40%); placebo n=2/8 (25%)) for verbal compre-
hension, five (28%; IVIG n=4/10 (40%), placebo n=1/8 
(13%)) for visual spatial; four (22%; IVIG n=4/10 (40%)) 
for working memory; and four (22%; IVIG n=3/10 
(30%); placebo n=1/8 (13%)) for perceptual reasoning 
(PRI). Two participants (IVIG n=1, placebo n=1) were 
assessed using the Bayley scale of infant development, 
one participant (IVIG n=1) had severe neurodevelop-
mental impairment while the other (placebo n=1) had a 
normal neurodevelopmental outcome. These results are 
displayed in table 5.

Neuroimaging outcomes
Nineteen acute neuroimaging scans were available for 13 
participants (72%; IVIG n=8/10 (80%), placebo n=5/8 
(63%)). Five of these scans (for five unique participants; 
IVIG n=2/8 (25%), placebo n=3/8 (38%)) had abnormal 
findings; all of these were MRI scans (see online supple-
mental table 1). Four of the abnormal scans showed bilat-
eral lesions.

There were nine follow- up scans for eight unique 
participants (IVIG n=5/10 (50%), placebo n=3/8 
(50%)); six of these scans (for five unique participants; 
IVIG n=3/5 (60%), placebo n=1/4 (25%)) were normal 
and unchanged from the acute scan. Three follow- up 
scans (for three unique participants; IVIG n=2/5 (40%), 
placebo n=1/3 (33%)) had abnormal findings; two of 

these were unchanged from the acute scans and an acute 
scan was not available for comparison one participant.

Autoantibody testing
Twelve participants (67%; IVIG n=7/10 (70%), placebo 
n=5/8 (63%)) had autoantibody testing. One partici-
pant (placebo n=1) was positive for LGI1 antibodies, 
and one participant (placebo n=1) was positive for MOG 
antibodies. Two additional participants (IVIG n=2) were 
positive for IgG binding to the surface of live neurons, 
indicating the presence of IgG antibodies binding to 
neurons, but negative for antibodies to the specific anti-
gens tested, indicating the presence of undefined IgG 
antibodies that could be pathogenic.

Safety data
Ten serious AEs occurred in three participants in the 
placebo group and none in the IVIG group. None of the 
SAEs were judged to be related to the study treatment. 
One participant in the IVIG group reported an AE of 
special interest; the participant developed a fever during 
the IVIG infusion; however, this was judged to be unre-
lated to the study treatment. None of the participants 
experienced haemolysis following receipt of two doses 
of study treatment. No deaths occurred during the study 
period.

DISCUSSION
The IgNiTE study was terminated early due to slower 
than expected recruitment and was therefore unable to 
provide conclusive evidence regarding the efficacy of 

Table 5 Neuropsychology outcomes at 12 months after randomisation

Participant Bayley cognitive score FSIQ VCI VSI/PRI WMI PSI

Placebo arm

  1 – * * * * *

  2 – 79 95 79 75 71

  3 – * * * * *

  4 110 – – – – –

  5 – 89 99 88 83 94

IVIG arm

  6 – * * * * *

  7 – 104 92 111 107 116

  8 – 95 102 90 99 91

  9 – 88 93 96 91 83

  10 55 – – – – –

  11 – 65 60 75 72 –

  12 – * * * * *

  13 – 119 108 110 110 131

Key: green = normal neurodevelopmental score, yellow = mild impairment, red = severe impairment.
*Young person unable to complete full battery due to attention or behavioural needs
FSIQ, full- scale IQ; PRI, perceptual reasoning index; VCI, verbal comprehension index; VSI, visual spatial index; WMI, working memory index.
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IVIG in the treatment of childhood encephalitis. Thus, it 
remains unknown whether early administration of IVIG in 
children with all- cause encephalitis offers clinical benefit.

While the IgNITE study was unable to address the 
primary study objective, the results do provide evidence 
of the poor outcomes experiences by many children with 
encephalitis. Almost a third of participants made a poor 
recovery based on GOS- E Peds assessment at 12 months 
after randomisation. Other measures of neurological 
outcomes consistently demonstrated a heavy burden of 
disability; 44% of patients had minor to severe sequalae 
at 12 months according to the LOS assessment, and the 
same proportion of patients experienced mild or severe 
impairment of gross motor function at the same time-
point. The proportion of children with functional impair-
ments on the SDQ and ABAS- II assessments at 12 months 
after randomisation was lower, but this was likely due to 
fewer participants completing these assessments.

The results also demonstrate the impact of childhood 
encephalitis on healthcare systems. Over half of partic-
ipants required admission to intensive care during the 
acute illness, and 90% of these children were intubated. 
The overall median length of acute hospital care for 
participants was 11 days, compared with a mean length 
of hospital stay of 1.64 days for children and young 
people following an emergency admission in the UK.35 
Furthermore, given the high proportion of participants 
with lasting disability, many children with encephalitis 
are likely require ongoing non- acute hospital care for 
neurorehabilitation.

These data are consistent with previous studies of 
childhood encephalitis in high- income settings. In a 
prospective Australian study involving 287 children with 
encephalitis, 49% of children required admission to inten-
sive care, median length of hospitalisation was 11 days 
and 27% of children had moderate to severe neurodis-
ability at hospital discharge.4 Of note, they used the adult 
Glasgow Outcome Score tool for assessment of outcomes 
and did not capture children with mild- to- moderate 
neurodisability, which may explain the lower proportion 
of children with reported neurodisability compared with 
the IgNiTE study. A meta- analysis evaluating long- term 
outcomes of childhood encephalitis reported 47% of 
children to have long- term sequalae in studies in high- 
income countries, although there was no standardised 
definition of sequalae used across these studies.17

Limitations of the study
The main limitation of the IgNiTE study is that the 
predefined sample size was not met, and the primary 
study objective was therefore not achieved. The study 
initially planned to recruit 308 participants over a 
24- month period. The sample size calculation was 
based on the anticipated number of annual encepha-
litis hospital admissions in the UK and the anticipated 
treatment effect of IVIG, based on a large observational 
study on autoimmune encephalitis.26 36 However, recruit-
ment to the study was slower than expected. Of the 884 

children assessed for eligibility, 63% (561) were excluded 
because they did not meet the case definition for enceph-
alitis, suggesting that the use of strict diagnostic criteria 
may have precluded the inclusion of some children with 
clinically suspected encephalitis. A further 12.5% were 
excluded due to insufficient clinical results being avail-
able to satisfy the eligibility criteria within the time frame 
for participant enrolment. The initial screening form 
used did not capture the reason for exclusion; hence, this 
was not recorded for the first 10% of children assessed 
for eligibility.

Overall, 13% (115) of children were assessed to meet to 
inclusion criteria, but 55% (63) of these children fulfilled 
exclusion criteria and were thus ineligible. The main 
reasons for exclusion were prior or planned IVIG treat-
ment as part of routine care (32%), and study timeline 
restrictions (24%). The use of IVIG as part of routine care 
demonstrates that some clinicians were already convinced 
of the benefit of IVIG in childhood encephalitis despite 
the lack of high- quality evidence and the fact that at the 
time the trial was undertaken, IVIG was not commis-
sioned for routine use in acute childhood encephalitis. 
This highlights the importance of ensuring that there 
is equipoise among treating clinicians when conducting 
randomised controlled trials.

Recruitment to the trial was also impacted by a lower 
than anticipated consent rate. Of the 52 children who 
were eligible for enrolment, participation was declined in 
65% of cases. This is not unexpected given the require-
ment for parents or guardians to provide informed 
consent at an exquisitely sensitive time for the family. 
Other factors which may have contributed to the low 
consent rate include the limited time frame for enrol-
ment and the trial duration.37

Finally, recruitment was impacted by delays in the 
participating NHS hospitals opening as recruitment sites, 
due primarily to shortages of research personnel and 
delays in local approval processes. Nine of the 21 partic-
ipating hospitals did not recruit any particitpants during 
the study; 5 of these hospitals were open to recruitment 
for 6 months or less.

Lessons learned and future research
Further research is required to establish whether early 
IVIG is of therapeutic benefit in the treatment of child-
hood encephalitis, irrespective of the underlying aeti-
ology. The IgNiTE study demonstrated the feasibility of 
conducting a randomised controlled trial to investigate 
this important question. Future studies should anticipate 
the recruitment challenges discussed above and consider 
strategies such as incorporating a pilot phase, using less 
strict entry criteria, allowing a wider time frame in which 
participants can be enrolled, and adopting approaches to 
optimise consent rates in eligible patients.

Conclusion
The IgNiTE study was terminated prematurely due 
to slow recruitment and therefore did not reach the 
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predetermined sample size required to evaluate the effect 
of IVIG compared with placebo in childhood encepha-
litis. However, the study results support existing evidence 
of poor neurological outcomes in many children with 
encephalitis. This provides further compelling evidence 
of the need for better treatments in childhood encepha-
litis. Future studies are required to establish if treatment 
with IVIG is of benefit in children with encephalitis of all 
causes. Such studies should take into account the chal-
lenges encountered and lessons learnt from the IgNiTE 
study.
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Supplementary Material 
 
Secondary outcomes 
 
Clinical 
Secondary clinical outcomes were obtained from routinely collected medical 

information. These comprised admission to intensive care unit, invasive ventilation 

requirement, and length of hospital stay, defined as the number of days from 

admission to a recruiting hospital to discharge from acute care (i.e. not including 

days in hospital for neurorehabilitation). At 6 and 12 months after randomisation, 

information on new diagnosis of epilepsy and need for anti-epileptic treatment since 

discharge were collected. 

 

Neurological and Functional 
Secondary neurological outcomes were assessed using age appropriate 

questionnaires and outcome scores which comprised the GOS-E Peds (assessed at 

6 months after randomisation), Liverpool Outcome Score (LOS), Pediatric Quality of 

Life Score (PedsQL), Gross Motor Function and Classification System (GMFCS), 

Strengths and Difficulty Questionnaire (SDQ), and Adaptive Behaviour Assessment 

System, second edition (ABAS-II), all assessed at 4-8 weeks after discharge from 

acute care and 12 months after randomisation. 

The LOS is a validated tool for assessing level of disability after encephalitis in 

infants and children. It was originally designed to assess disease burden following 

JE and its use has been extended to other forms of encephalitis. For each 

participant, a total score (sum of scores for all questions) and an outcome score (the 

lowest score for any single question) were documented. Based on the outcome 

score only, participants were assigned to one of 5 outcome categories: 5-Full 

recovery, 4-Minor sequelae, 3-Moderate sequelae, 2-Severe sequelae, and 1-Death. 

‘Good recovery’ was defined as a LOS of 5 and a score of  4 indicated ‘poor 

recovery’. 

 

The PedsQL is a brief measure of health-related quality of life comprised of 23 items 

assessing quality of life in 4 domains: physical functioning (8 items), emotional 

functioning (5 items), social functioning (5 items) and school functioning (5 items). 

Based on the scores in each domain, two summary scores (physical health and 
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psychosocial health summary scores) as well as a total scale score were computed. 

Total scale scores are presented. A higher total scale score indicates better quality 

of life.  

The GMFCS is an assessment tool based on self-initiated movement and assesses 

motor function in three areas - walking, sitting, and standing. It uses 5 levels to 

describe the motor function limitations, taking into consideration age, the use of 

mobility aids and the quality of movement and is rated from Level 1 (walks without 

limitations) to Level 5 (transported in a manual wheelchair).  Levels 1 and 2 have 

almost independent mobility while level 3 can move with assistive devices and levels 

4 and 5 are significantly limited and dependent on their helpers for minor 

movements. A higher score describes worse dysfunction and less dependence 

during mobility as the level goes up. Gross motor function was categorised as mild 

(Levels 1 and 2), moderate (level 3) and severe (Levels 4 and 5).  

 

The SDQ is a 25-item questionnaire comprising 5 scales of 5 items each focusing on 

difficulties relating to emotional functioning, conduct, hyperactivity, and interaction 

with peers. Scale scores and a total difficulties score (generated by summing the 

scores from all the scales except the prosocial scale) were documented. Based on 

the total difficulties score, SDQ scores were categorised into 4 bands: close to 

average, slightly lower, low, and very low, based on a UK community sample. For 2–

4-year-old children, the close to average category contains 80%, the slightly raised 

category contains 12%, the high category contains 4%, and the very high category 

contains 4% of the population.  For 4-17-year-old parent completed questionnaires, 

the close to average category contains 80%, the slightly raised category contains 

10%, the high category contains 5%, and the very high category contains 5% of the 

sampled UK population.  

 

The ABAS-II is an instrument used to evaluate adaptive skills that are important to 

everyday living and assesses three main domains: (i) Conceptual (summarises 

performance in the following skill areas - communication, functional academics, and 

self-direction), (ii) Social (leisure and social), and (iii) Practical (community use, 

home living, health and safety, self-care). The individual response provided for each 

skill area question was assigned a score. The total score allocated to each domain 
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was obtained by summing up the skills scores in that domain. Raw scores were 

converted into composite scores, with a population mean of 100 and a standard 

deviation of 15, with a lower score signifies worse adaptive behaviour.  Composite 

scores were divided into the following categories based on percentiles (%) of the 

normative population: very superior > 130 (≥ 98%); superior 120–129 (91–97%); 

above average 110–119 (75–90%); average 90–109 (25–74%); below average 80–

89 (9–24%); borderline 71–79 (3–8%); extremely low 70 or less (≤2%). 

 

Neuropsychological 

A blinded neuropsychology assessment was performed at 12 months after 

randomisation during which cognitive function was assessed using the following age 

appropriate scales: (i) Bayley Scales of Infant and Toddler Development, third edition 

(1 to 2 years 5 months); (ii) Wechsler Preschool Primary Scale of Intelligence IV (2 

years 6 months to 5 years 11 months), and (iii) Wechsler Intelligence Scale for 

Children V (6 years to 16 years 11 months). 

The Bayley Scales of Infant and Toddler Development (BSID-III) is a widely used 

and validated measure of cognitive functioning which produces three composite 

scores: cognitive scale, language scale (receptive and expressive), and motor scale 

(fine and gross). The Wechsler Preschool Primary Scale of Intelligence IV produces 

scores for: Verbal Comprehension (VCI), Visual Spatial (VSI), Fluid Reasoning, 

Working Memory (WMI), Processing Speed (PSI), and Full-scale IQ (FSIQ). The 

Wechsler Intelligence Scale for Children IV assesses general thinking and reasoning 

skills and is made up of 10 subtests, yielding 4 composite scores (Verbal 

Comprehension, Perceptual Reasoning (PRI), Working Memory, and Processing 

Speed). The Full-Scale IQ (composite score) is an average of these four scales.  

Composite standard scores have a mean of 100 and SD of 15. Neurodevelopmental 

outcome was classified as (i) severe impairment (composite score of <70, >2SD 

below the mean), (ii) mild impairment (score of 70-84, >1SD below the mean) and 

(iii) normal neurodevelopmental (score of ≥ 85)  

 

Neuroimmunology 
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Auto-antibody testing was performed by the clinical neuroimmunology service at the 

Nuffield Department of Clinical Neurosciences, Oxford. 

 

Neuroimaging 
 
Neuroimaging findings were obtained from clinical CT or MRI scans. In addition, an 

optional follow up research MRI scan was performed in a subset of participants, 

where consent was provided.  Anonymised scans were analysed for the following: 

 

Initial clinical scan(s): 

• Proportion of participants with an abnormal scan 

• Distribution of disease – structural and functional anatomy of lesion 

• Subset of radiological features (mass effect, hydrocephalus, enhancement, 

other) 

 

Follow up scan(s) 

• Proportion of participants with an abnormal scan 

• Lesion resolution/persisting disease 

• Presence of new lesions 

• Distribution of disease –structural and functional anatomy of lesion 

• Subset of radiological features (mass effect, hydrocephalus, enhancement, 

other). 

 

Supplementary Material Table 1: Baseline neuroimaging results summarising 

overall findings of acute scans 

 
Participant 

Number 

Type of scan Overall assessment Laterality of 

abnormality 

1 MRI Abnormal Bilateral 

2 MRI Normal N/A 

3 MRI Abnormal Unilateral (Right) 

4 CT scan Normal N/A 

4 MRI Abnormal Bilateral 

5 MRI Normal N/A 

6 CT scan Normal N/A 

6 MRI Normal N/A 

7 MRI Not available Not available 
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Key: N/A= 
Not 

applicable 
 
 
1. Kahwaji J, Barker E, Pepkowitz S, Klapper E, Villicana R, Peng A, et al. Acute 
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8 MRI Normal N/A 

8 MRI Normal N/A 

9 MRI Abnormal Bilateral 

10 CT scan Normal N/A 

10 MRI Abnormal Bilateral 

11 MRI Normal N/A 

12 CT scan Normal N/A 

12 CT scan Normal N/A 

12 MRI Normal N/A 

13 CT scan Normal N/A 
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